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R4 (D) “The invention also discloses a process for preparation of these

- compound and their therapeutic and cosmetic applications
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sction of an AGE (Advanced Glycation Endproducts) breaker,
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FIELD OF THE INVENTION

The present invention relates to a new class of compounds of five membered
heterocyclic ring compounds and to their wise in treatment of diabetes and related
illnesses. More particularly the invention relates to compounds of this series, methods
for their preparation, pharmaceutical composition containing these compounds and their
use in the treatment of complications of diabestes mellitus. The compounds of this series
exhibit AGE breaking and inhibiting activity’, which is essential for the treatment of
diabetic and aging-related vascular and neurevascular complications including kidney
disease, nerve damage, atherosclerosis, retinopathy, inflammatory disorders,

immunological disorders, oxidative stress and dermatological & cosmetic indications.

The invention also extends to the methhod of reversing the discoloration of teeth
resulting from nonenzymatic browning in the oral cavity by administration of an
effective amount of these compounds to rewerse pre-formed advanced glycosylation

crosslinks.

These compounds, also exhibit free rradical scavenging activity and hence are
useful in the treatment of diseases caused by free radicals besides their cosmetic

applications.

The triple function of a free radical scavenger, AGE breaker and AGE inhibitor of
these compounds can be effectively used in cosmetic compositions which are capable of
arresting and reversing the process of skin agimg resulting from an increased accumulation
of advanced glycation end-products (AGEs) on the skin proteins and photo damage

through free radical actions. The invention fuarther relates to composition and method for
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scavenging free-radicals from the body cells.

BACKGROUND OF THE INVENTION

Maillard in 1912 foundl that reducing sugars, such as glucose and ribose react
with proteins to form brown pigments. Further studies have shown that this is an
irreversible non-enzymatic reaction, which occurs in several natural systems including
stored foodstuff. Maillard reaction occurs in two stages, early and advanced. Initially,
proteins react with glucose to form stable Amadori products, which subsequently cross-
links to form advanced glycation end products (AGE). In most cases, the formation of

AGE also accompanies brownirag of the proteins and increase in the fluorescence.

In diabetes, where bloo d glucose level is significantly higher than normal, the
reaction of glucose with sevesral proteins such as hemoglobin, lens crystallin and
collagén, gives rise to the formmation of AGE, which in turn, is responsible for the
complications associated withh diabetes, ‘such as nephropathy, microangiopathy,
endothelial dysfunction and other organ dysfunctions. In addition, the activity of several
growth factors, such as basic fi'broblast growth factor, is also impaired. AGE products,
unlike normal proteins in tissue, have a slower rate of turnover and replenishment. It
has been reported that AGE products may in fact elicit a complex immunological
reaction involving RAGE (Receeptor for Advanced Glycation End Products) receptors
and activation of several incompletely defined immunological processes. It has been
documented that diabetes with evidence of microangiopathy and macroangiopathy also

show evidence of oxidative stress, the mechanism of which has not been elucidated.

In vitro AGE formation can be studied in the laboratory by incubating reducing

sugars, such as ribose or glucose with bovine serum albumin. AGE formation can be

- detected by increase in the flu-orescence or increased cross reactivity with anti-AGE

antibodies. The increase in fluorescence seems to precede formation of AGE specific
antigenic epitopes. This increase in fluorescence is used to monitor the increased AGE
formation in vitro (Brownlee M et al, Science 1986; 232:1629-1632). In addition to the

increase in the fluorescence, one of the most important features of in vitro AGE
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formation is the formation of antigenic epitopes that are specific to AGE and not to the
native proteins. Therefore, it is possible to raise antibodies against advanced glycation
end products of one Pprotein and use them to detect AGE formation in other proteins.

This has served as an dmportant analytical tool in AGE research.

Due to the climical significance of AGE formation, many approaches are being
used to diagnose, prewent, or revert AGE formation in the body. The formation of AGE
could be inhibited by reacting with an early glycosylation product that results from the
original reaction betw een the target protein and glucose. The inhibition was believed to
take place as the reaction between the inhibitor and the early glycosylation product
appeared to interrupt the subsequent reaction of the glycosylated protein with additional
protein material to form the cross linked late stage product. Combounds like

aminoguanidine act to inhibit AGE formation by such mechanism.

"The formation. of AGE on long-lived proteins is also associated with cross-
linking of these proteiins. The AGE derived protein cross-links have been shown to be
cleaved by compound s like N- phenacyl thiazolium bromide (PTB), which reacts with
and cleaves covalent, AGE derived protein cross links (Vasan et al. Nature 1996; 382:
275-278 ; US 5,853,7 03, Date of Patent : Dec. 29, 1998). The mechanism of reducing
the AGE content in tiissues is expected to take place relatively rapidly, in contrast to

aminoguanidine, which acts slowly by its very nature of mechanism of action.

The compounds which are AGE breaker or AGE inhibitor are of prime

importance in therapeutic applications as mentioned below:
AGE Breakers:
The compounds which can break the accumulated AGE can be used as a

medicament in the tweatment of diabetic complications and aging-related diseases

caused by accumulation of AGE.

The compoundls which can inhibit accumulation of AGE by breaking AGE, can

be used as a medicam ent for arresting the aggravation of diseases such as diabetes and
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aging rezlated complications caused by accumulation of AGE.
AGE Inhibitors:

"The compounds which can inhibit accumulation of AGE by inhii)iting formatiora
of AGEE, can be used in a medicament for the diseases such as diabetes and agings

related complications caused by accumulation of AGE.

"The unchecked formation of AGE in vivo, such as in diabetics related diseases ,
can leadl to severe physiological impairment. For example, in diabetic neuropathy anA
retinopa thy, the functional integrity of the capillary wall barrier and inner blood retinai
barrier, respectively, are defective, as evidenced by the abnormal attachment of the
endothellium to the basement membrane. This defect is a direct consequence of thes
cross-limking of structural proteins by glycation. The etiology of diabetic
neurovascular disorders, as well as immunological disorders, is the formation of AGE_
Currently, it is believed that inhibiting AGE formation, or the bre_aking of existingg
AGE, would be beneficial in a variety of diseases, including nephropathy, neuropathy,.

arteriosc:lerosis, and dermatological disorders.

Studies have demonstrated positive effects of agents that break AGE, such as in_
studies on cardiovascular complications related to aging, a condition which is

accelerated in experimental diabetic conditions (Wolffenbuttel et al., 1998).

Im another pharmacological approach to cohtrolling levels of AGE in tissues,
especiall y in those tissues in which AGE has already accumulated to levels which are
responsible for sub-clinical or clinical pathology, administration of agents that reverse
or break AGE has proven successful. As described in U.S. Pat. Nos. 5,656,261 and
5,853,703 agents and methods are disclosed which reverse (or cleave or break) AGE

formatiom in vitro and in vivo.

Several successful therapeutic approaches have also been achieved based upon
blocking the accumulation of AGE in vivo. One approach, exemplified in U.S. Pat.

No. 4,75 8,583 concerns the inhibition of the formation of AGE from its precursors, by
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the administration of agents such as aminoguanidine and related cormpounds.

As has been shown in the above-cited references, compoun«s which block AGE
formation, or break AGE, are reasonably correlated to the treatrient of AGE-related
disofders, such as diabetic nephropathy, neuropathy, retinopaihy, and arteriosclerosis,
dermatological disorders, non-enzymatic browning of the oral cavity, endothelial or

other organ dysfunction and growth impairment.

The correlation between the onset of AGE with various di=seases has also been

described in various literature as discussed below.

The correlation between the formation of Advanced Gly«cation End products
(AGE) and nephropathy is well established by several -research publications.
Beisswenger (1995) has shown that AGE concentration in hum.an diabetic subjects
correlates with early manifestation of renal diseases. Makita et al (1. 991) has shown that
increase in AGE peptides parallels with the severity of renal dys-function. The above
citations clearly show that AGE is the principal cause of diabetic nephropathy.
Yamauchi (1997) showed that prevention of AGE formation by aminoguanidine
inhibits development of diabetic nephropathy. Aminoguanidine aciministration is also '
shown to ameliorate thickening of glomerular basement membrzne of diabetic rats
(Ellis 1991). Aminoguanidine is also shown to attenuate the rise in albuminuria in

experimental diabetic rats (Soulis-Liparota, 1991).

AGE is also shown to induce expression of vascular endothelial growth factor in
retinal muller cells (Hirata, 1997, Murata, 1997) and therefore may- promote intraocular
heovascularization in diabetic retinopathy. Aminoguanidine treatment is shown to
retard progression of diabetic retinopathy in rat model (Hammes, 1991, Hammes, 1994,
Roufail, 1998).

Aminoguanidine treatment 1s also shown to improve nerve: conduction velocity

in diabetic rats (Kihara, 1991 Miyauchi, 1996 and Yagihashi, 1992)_
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Bucala (1996) has extensively reviewed various aspeck&s of development of
Atheroscelrosis and stated that accumulation of AGE can triggeer a series of cellular
events, such as cellular oxidative stress, expression of adhesion mmolecules, endotheﬁal
transmigration of monocytes, etc. and these events can lead to athaerosclerosis. Kirstein
(i990) have demonstrated that (i) in vitro and in .vivo-'formad AGE proteins are
chemotactic for human blood monocytes, (ii) sub-endothelimal AGE can induce
monocyte migration across intact endothelium and (iii) interaction of monocyte with

AGE containing matrix results into induction platelet derived grow—th factor.

Thus, it can be concluded that AGE, upon interaction with endothelial cells
through its receptor RAGE, activate nuclear factor Kappa B and induce various genes
expressing adhesion molecules. AGE-endothelium interactions aBso increase oxidative
stress, initiate monocyte migration, block endothelial nitric oxide and stimulate

angiogenesis. All these conditions result in conditions such as athexosclerosis.

Other dysfunctions demanding lower tissue AGE burden imclude, Hypertension,
Restenosis, abnormal tissue hindrance in peritoneal dialysis, Erectile Dysfunction and
Alzheimer disease. Similarly, on the other hand, non-enzymaatic cross-linking of
structural proteins, such as collagen, leads to increased stiffness Of arteries and reduce
arterial compliance and distensibility. In fact, treatment of AGE--breaker ALT-711 is
shown to reverse diabetes induced increase of arterial stiffness and improve arterial
compliance (Wolffenbutel 1998). Aronson et al (1996) have reviewed role of AGE in
promoting inflammatory cell recruitment and smooth musclle proliferation and
suggested it to be a likely reason for greater restenosis, abnormaal tissue hindrance in

peritoneal dialysis rate in diabetic patients.

Seftel (1997) has shown significant elevation of pentosidirae in the penile tissue
of diabetic patients as compared to non-diabetic. They have speculzated a mechanism for
AGE mediated erectile dysfunction via upregulation of inducilble nitric oxide and

downregulation of endothelial nitric oxide in penile tissues.

Vitek et al (1994) have reported that beta amyloid peptiedes (BAP) aggregate
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siowly under normal physiological conditions wheresas AGE modified (BAP) showed a
much more rapid aggregation. Plaque numbers incxease in association with neuronal
degeneration and cognitive decline in AD. Aggregated but not monomeric BAP is
actively neurotoxic. Hence interference with the process by which AGE formation
enhances BAP agéregation or inhibition of AGE forrmation or AGE breaker thérapy will
provide new therapeutic opportunities to reduce the pathophysiological changes

associated with Alzheimer’s disease.

Hence AGE inhibitors/breakers would be bermeficial in reducing the aggregation
of BAP, leading to the prevention/ treatment of Alzheamer’s disease.

-Li et al (1996) have provided evidence for an interrelationship between two key
manifestations of physiological aging in the rat cardiovascular and renal decline and the
spontaneous age associated biochemical process terrmed advanced glycation thought to
contribute to progressive tissue damage and organ failure. In their study
aminoguanidine (an AGE inhibitor) was found to sigmificantly prevent tissue damage as
a result of inhibiting AGE formation. Lower tissue _AGE burden in rats as a result of
aminoguanidine administration was found to preserwe an altogether more satisfactory
level of cardiovascular and renal function as evidlenced by the generally healthier
appearance of old rats treated by aminoguanidine as «ompared to the untreated age and
weight matched controls. Hence AGE inhibitors cowmld be used for the prevention of

aging related disorders.

The nonenzymatic browning reaction, which o©ccurs in the oral cavity, results in
the discoloration of teeth. Anti-blaque agents such as chlorhexidine have been reported
to accelerate the non-enzymatic browning reaction and further the staining of teeth.
(Nordbo, J. Dent. Res., 58, p. 1429 (1979)). Nordb« has proposed that chlorhexidine
results in tooth staining in two ways: first, by increasing the formation of pelicle which
contains more amino groups, and secondly, by catalyssis of the Maillard reaction leading

to colored products.

The ability of inhibitors of non-enzymatic browning reaction to prevent the
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discoloration of protein on a surface, such as tdhat which occurs on the tooth surface has

been demonstrated with in vitro experiments in  US pat. 5,137,916; US Pat. 5,272,176.

Compounds that have the ability to inhibit or reverse AGE have been claimed to
be useful for the inhibiting or re.versixig the d iscoloration of teeth resulting from non-
enzymatic browning in the oral cavity. (US Pat. 5,272, 176; US Pat. 5,853,703)

All these evidences point out to a c=ommon underlying mechanism for the
pathophysiological conditions associated wittm diabetes and that is the formation of
Advanced Glycation Endproducts. As the totaal tissue burden of AGE increases, the
severity of the pathological symptoms too incr-ease. On the other hand, if the quantum
of AGE is controlled by the compounds likce Aminoguanidine, the progression of
disease is also retarded. In the present inventiosn, the inhibition of Advanced Glycation

Endproducts is described.

Renal disease is a leading cause of death and diability in diabetes. Chronic
dialysis and renal transplantation are quite roustine in patients with renal failure due to
diabetes. Peritoneal Dialysis (PD) works on thes same principle as hemodialysis, but the
blood is cleaned while inside the body rathemr than through a machine. The major
difference in peritoneal dialysate formulationss as compared to hemodialysis in the
amount of higher glucose concentrations used. as an osmotic agent (1.5, 2.5 or 4.25
g/dL). High glucose formation in humans is asssociated with the progressive formation
of Advanced Glycosylation End-products (AGEE’s) that damage organ function. AGE’s
contribute to the devélopment of abnormal fibrous tissue and reduces the ability of the

peritoneum to filter fluids, leading to a failure of" the PD procedure.

The compounds which can alter the AGIE contents of the tissue could be used to
prevent this process and other medical compl-ications arising from the formation of
AGE’s. Use of an AGE breaker or inhibi&or in the dialysis fluid would inhibit
formation of abnormal fibrous tissue and thereby facilitate peritoneal dialysis
proceduce. Accordingly the compound of the imvention can be used for preparation of

dialysis fluid for peritoneal dialysis of a diabetic patient.
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Reducing the tissue burden of AGEE is expected to reverse these conditions,
whereas preventing accumulation upto critfical mass could prevent the condition from

occurring. These conditions are listed bellow:

a vascular and neuro-vascular comp lications,
b. nephrological diso.rder,

c. neurological disorder,

d. atherosclerosis,

e. retinal disorder,

f. dermatological disorder,

g. non-enzymatic browning of oral cavity,

h. endothelial or other organ dysfunc-tion,

I. growth impairment,

j- inflammatory disorder,

k. immunological discorder,

L. oxidative stress,

m. aging and diabetic complication,

n. alzheimer disease,

0. restenosis, abnormal tissue hindramce in peritoneal dialysis,

abnormal tissue hindrance in peritoneal dialysis and

erectile dysfunction.

The compounds showing the activity towards breaking / inhibiting AGE can

also be useful for their cosmetic utility.

Health, resilience and youthful appearance of the skin depends, among other
things, on several key classes of biological molecules. The key skin molecules are
collagen and elastin. Collagen is a protein, forming the structural grid that holds other
skin structures. It gives the skin its strengith and durability. As any other protein,
collagen is composed of amino acids. Howesver it is unusually rich in a few specific
amino acids; proline, hydroxy proline, lysine @nd glycine. Elastin is also a protein, more
stretchable than collagen and helps to maintain skin resilience and elasticity. It contains
two special amino acids: desmosine and isodesmosine. When both elastin and collagen

are at scarce and damaged, the skin looses its shape after being stretched or folded
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leading to wrinkles and facial ssag that happens during the process of aging.

Moést modern theories of aging have centered around the notion that age-related
deterioration is primarily due to structural and functional modifications of cellular
constituents. The cixrrently popular hypothesis are the Free Radical, Glyc'ation or
Maillard theories of aging. The= first hypothesis proposes that age-related effects are due
to free radical reactions that damage cellular constituents. “Free radical” refers to an
unstable molecule that has an unpaired or odd electron in an outer orbit, which
indiscriminately react with other molecules causing lipid, DNA and protein damage.
The latter hypothesis propose that the primary cause of aging is cellular damage
resulting from the modificatiom of macromolecules induced by non-enzymatic glycation
and Maillard reactions to form advanced glycosylation end-products (AGEs). Non-
enzymatic glycation is the chemical attachment of sugars to protein that eventually
causes protein cross linking, which is irreversible. Although these hypothesis were
formulated independently, it suggests that free radicals, glycation, and Maillard
reactions may in fact represent partially interactive elements of a single, more complex
biochemical pathway, and that age-related deterioration is produced by the sum of the

damages induced by all three hypotheses, and by their interactions.

Skin, a highly differeratiated and complexly structured organ, is particularly
vulnerable to free radical dama ge on exposure to UV radiation resulting in an increased
accumulation of AGEs on the skin as well as an increased production of singlet oxygen
and super oxide radicals whicha damage the important skin molecules such as collagen
and elastin. Under such situations an anti-oxidative condition through free radical
scavenging would certainly emable the skin to maintain its normal resilience and

integrity against damage.

Hence, the present invemtion is directed towards a cosmetic application with an
active molecule capable of revesrsing the AGE cross links and creating an anti-oxidative
environment in tissues through its AGE breaking and free radical quenching actions,

thereby significantly slowing down the aging manifestations.

The skin is the largest organ in the body, comprising about 15% of the body

10
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weight. In terms of chemical composition, the skin is about 70% water, 25% protein
and 2% lipids. The remainder includes trace minerals, nucleic acids,

glycosoaminoglj(cans, proteogly~cans and numeérous other chemicals.

The skin consists of 3 m.ain layefs : Epidermis, dermis, subcutaneous tissue. The
epidermis is the first barrier bet-ween us and the outside world. This layer consists of 3

types of cells; keretinocytes, rmelanocytes and langerhans cells. The dermis is the

‘middle layer of the skin, the thxickest of the skin layers and comprises a tight, sturdy

mesh of collagen (type-I and ILI).and elastin fibers which are the critically important
skin proteins. The dermis also consists of fibroblasts, capillaries, lymph nodes,
sebaceous glands, sweat glands and hair follicles. The subcutaneous tissue is the
mnermost layer of the skin comx prising mainly of adipocytes, acts as a shock absorber

and heat insulator, protecting uncerlying tissues from cold and mechanical trauma.

Aging is a biological phemomenon which is symbolized by wrinkles and sagging
skin. As a person ages, skin ce:lls divide more slowly, and the inner skin, or dermis,
starts to thin. Fat cells beneath thwe dermis begin to atrophy, and the underlying network
of elastin and collagen fibers, whaich provides scaffolding for the surface layers, loosens
and unravels. Skin loses its elasticity; when pressed, it no longer springs back to its
initial position but instead sags and forms furrows. The skin's ability to retain moisture
diminishes; the sweat- and oil-secreting glands atrophy, depriving the skin of their
protective water-lipid emulsions. As a consequence, the skin becomes dry and scaly. In
addition, the ability of the skin to repair itself diminishes with age, so wounds are
slower to heal. Frown lines (those between the eyebrows) and crow's feet (lines that
radiate from the comers of the eyes) appear to develop because of permanent small
muscle contractions. Habitual facial expressions also form characteristic lines, and
gravity exacerbates the situation, contributing to the formation of Jowls and drooping
eyelids. Since the skin represents the most visible organ of the aging, there is increasing
interest in the physiology and reversai of wrinkles, elastoses and senile xerosis.
Cutaneous aging is a complex phenomenon consisting of genetically determined
intrinsic and extrinsic aging factoxs(Boni R, Burg G: Schweiz Med Wochenschr (2000)
Sept 9; 130 (36): 1272-8). '

11
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Mainly, theres are two biologically independent aging processes that occur

simultaneously, which account for the major changes seen in skin over time.

1. Extrinsic aging or Photoaging/External Factors and

2. Innate or Imtrinsic aging/Intemal Factors

Extrinsic agimg or Photoaging, which results when skin is exposed to the
elements like Ultraviolet (UV) radiation, Chemical Pollutants, Allergens, Mechanical

damage, etc. Extrinsic aging is primarily caused by ultraviolet radiation of the sun.

Intrinsic aging affects skin by slow, irreversible degeneration of tissue. The
factors causing intrimsic .aging are genetic, nervous (stresses), immune, hormone
disorders and others. Infrinsic aging can be observed over the entire surface of the body,
including skin protected from ultraviolet radiation of sun. The phenomenon of
glycation as discussed above plays a serious part in intrinsic aging. Proteins from
dermis, elastin and colllagen react with sugars in the body, especially glucose to result in
the binding together of collagen fibers and the synthesis of free radicals. This modifies
the structure of the skiin causing it to loose its suppleness and become more rigid. Thus,
the most noticeable changes on facial skin result from a combination of intrinsic and

extrinsic aging processes.

Basically two factors —free radicals and AGE formation are the prominent
accelerators of skin werinkles. The Maillard theory of Skin aging dates back to 1912
when Maillard found that reducing sugars such as glucose and ribose react with proteins
to form brown pigments. The Maillard reaction is a series of complex reactions that
cause the cross-linkin g of protein via the interaction of reducing sugars with amino
groups of proteins to form stable Amadori products, which subsequently cross-link to
form Advanced Glycation End products (AGE). Another property of critical biological
significance is the observation that the Amadori products continue to cross-link and
polymerize even in the absence of free glucose. Protein crosslink is important since it
is responsible for deep wrinkling in the dermis. The formation of AGE crosslinks is also
a natural part of the aging and all the processes where protein aging is a serious

detriment. During the aging process reducing sugar chemically attaches to the skin's

12
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support proteins like elastin and collagen, causing them to become gradually rigid and
slowing theim renewal. This non-specific and non-enzymatic attachment of the sugar to
collagén andl elastin lead to the formation of AGE which continues to cross-link zand
polymerize even in the absence of free glucose. The studies on the role of AGEs in
éging collagen using scanning force microscope. reveal that in the presence of an
increased comcentration of AGEs, significant structural alterations have been observzed
in the collagen fibrils of old rats(Odetti P, Aragno I, et al. Gerontology (1998); 44 (4);
187-91).  A.s a result of this aging process, collagen loses its elasticity and the sk<in

develops wrimkles.

The covalent biﬁding of glucose to the amino group of protein alone is rot
sufficient to account for structural changes observed in collagen. Oxygen radicals
formed durinag glucose oxidation, and glycated protein oxidation may be involv-ed
directly in #he formation of AGEs and collagen cross-linking. In vitro studies
demonstrate that the presence of oxygen is indispensable for the advanced glycation amd
cross-linking of collagen. Antioxidative condition and free radical scavengers ha-ve
been proven to inhibit or slow down the formation of AGEs and the cross-linking of
collagen. It is also known that free radical scavengers are essential in protecting the
epidermis froom damage by free radicals generated both by environmental and
endogenous factors (Pugliese PT, Dermatol. Nurs (1998) Dec: 10 (6): 401-16; quiz 41 7-
18).

Skin, which has a highly differentiated and certainly complex organization al
structure, is particularly vulnerable to free radical damage because of its contact with
oxygen and osther environmental stimuli(Calabrese V, Scapagnini G et. al., Drugs Exp.
Clin Res. (1®99); 25(6): 281-7). Studies have proved that UV radiation increases the
formation of .AGEs on collagen, elastin and other skin proteins. It forms a vicious cycle
by increasing the accumulation of AGEs on the skin as well as increased production of

singlet oxyger and super oxide radicals, which damage the skin protein.
With recent years, substantial progress has been made in unraveling thme

underlying m echanisms of photoaging. Induction of matrix metalloproteinases as a

consequence «of activator protein (AP)- 1 and Nuclear factor (NF) — kB activation as
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well as mutations of mitochondrial DNA have been identified recenttly(Bermeburg M,
et. al. Photodermatol Photoimmunol. Photomed (2000) Dec: 16 (6p: 238-44). In the
early stage of glycation the condensation of redﬁcing sugars such as glwicose with amino
groups of proteins generates UVA photo generated singlet oxygen fiee radicals. It is
reported that AGE is an'important factor for promoting photoagings in the skin via
generation of active oxygen species involving O,", H,0; and ~OH (Masaki H. et. al.,
Biochem Biophys. Res. Commun (1997) Jun 18: 235). On the basis of invitro
fibroblast studies a possible mechanism is proposed in which AGGEs under UVA
irradiation generate active oxygen species involving O, , H,0, and O»H while the OH
species place a harmful role in promoting cell damage (Hitoshi Masaki et. al.
Biochemica et Biophysica Acta 1428 (1999) 45-56) . These radicals diistupt the natural
balance of the skin by stimulating the skin cells to synthesize metalloproteinases. The
metalloproteinase enzymes degrade collagen without  syn thesizing anti-
metalloprotenases that keeps a check on the skin protein degradation, which is a
normal biological response. The unbalanced production of metalloprotesnase over anti —
metalloprotenases induced by singlet oxygen free radicals leads to break down of
collagen and elastin of the skin. This is followed by imperfect wound repair of
damaged collagenous matrix and accumulation of elastotic material, as a consequence

the skin sags and wrinkles.

Due to the exposure of AGEs to UV A radiations, the generatiion of super oxide

anion gets enhanced. This is accomplished through cellular .electron transfer chain in

which UV A-AGE:s energy enhances the passing of electrons onto ground state oxygen.

This leads to enhanced formation of super oxide anion during Adencssine Triphosphate
(ATP) synthesis. An enzyme super oxide dismutase converts the supeT oxide anion into

hydrogen peroxide and oxygen. Finally, the catalytic action of iron and copper transforms

hydrogen peroxide into toxic hydroxyl radical causes the degradation of~ skin collagen and
elastin which is followed by imperfect wound healing and solar scar develop that photoage
the skin. |

The shelves in the cosmetics market are full of products treating eextrinsic aging,
but there is still a vacuum for a product, which targets intrinsic aging by dnhibiting AGE

in skin support proteins.
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The ability to inhibit the formation of Advanced Glycation End products (in skin
support proteins, like collagen) along with AGE breaker activity and Free Radical
Scavenging’ activity, carries with it significan.t implications in treatment of Skin aging
and wrinkles etc.

Thus, using the molecules, which can alter the presence of AGE, it is possible to
prevent the signs of skin aging and wrinkle foaxmation etc., and using them for cosmetic

applications.

Experience shows that skin aging and -wrinkle formation occur in-spite of good
skin care. Hence, there is a need for development of an agent to prevent or treat aging
of skin caused by formation of AGE. The comapounds of the present invention are non-
peptide, capable of modifying the AGE cross—link, formation in Collagen and Elastin.

The compounds of the instant invention can be formulated along with other agents into

. a cosmetic preparation.

To prevent or delay skin wrinkles, it iss important to inhibit formation of AGE, to
reverse the already formed AGE as well as Eower the oxidative stress by means of an
antioxidant or free radical scavanger. Essentially a molecule that inhibits AGE; breaks
AGE and slows down the formation of AGE amd prevents collagen degradation, would be
an ideal candidate for cosmeceuticals. The molecules of the instant invention exhibit the
properties of being an AGE inhibitor and a potent AGE breaker well as free radical

scavenger which make them most suitable for cosmetic applications.

Free radicals are atoms or molecules thmat have one or more unpaired electrons in
their atomic structures and are highly reactiv-e. Free radicals- reactive oxygen species
(ROS)- are produced continuously in mamma lian systems as a consequence of normal
metabolic processes. Exogenous sources of R-OS include exercise, pollution (especially
cigarette smoke and car exhaust), alcohol, sunli ght, and drugs (like anesthetics). Although
free radicals have an important role in normal physiologic mechanisms, the excessive
production of ROS results in oxidative stress- the terms usually applied to the out come of
oxidative damage to biologically important mol ecules, such as protein, lipids, and nuclejc

acids. Proteins have long been known to be swsceptible to oxidation by ROS. Aromatic

—
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amino acids 1ike cystine, and disulfide bonds are particularly vulnerable. All biological
materials cont-ain a variety of polyunsaturated fatty acids, which are predominantly located

in membrane 1 ipids. They are highly susceptible to damage by ROS.

The gr<oup of compounds known as antioxidants (also referred to as “free radical
scavengers”) is the major defense against oxidative stress. These compounds function to
protect membsrane and cytosolic components against damage from ROS. Primary
antioxidants, which prevent the formation of new radical species, include enzyme systems
such as superoxide dismutase (SOD) and glutathione peroxidase (GSH Px). Secondary
antioxidants trap radical species, thus preventing chain reactions, and include nutrients
such as vitamir E, vitamin C, taurine and B-carotene. The final line of antioxidant defense
is provided by the repair systems such as the enzyme methionine sulfoxide reductase that

regenerates me-thionine residues within oxidized proteins and restores function.

Endogemous oxidative damage to cellular componénts, primarily proteins, lipids,
and DNA is th ought to contribute to the pathogenesis of numerous chronic diseases. The
association between compromised antioxidant status, indices of oxidative damage, and
clinical conditieons like diabetes mellitus, asthma, chronic renal failure, hepatitis, colitis,
atopic dermatitis, arthritis and various degenerative disorders is now well documented.
There is consdderable circumstantial evidence linking diminished antioxidant status
including enzyomes and nonezymatic scavengers, to increased oxidative damage and

disease severity .

There is need of the molecules with ability to break / inhibit the protein cross
linking, in addizion of having anti-oxidant activity so that apart from their use in several
disease conditiosns where oxidative stress plays vital role in the pathogenesis, they can be

effectively used for cosmetic applications as mentioned below:

a) reversal .and prevention of Wrinkles,
b) reversal zand prevention of fine lines,
c) promotion of epidermal growth,

d) photo preotection of skin,

e) reversal znd prevention of skin discoloration,
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D reversal and prevention of age spots,

g) conditioning and prevention of dry spot,
h) reversal and prevention of stretch marks,
1) revers_al and prevention of blemishes,

b)) skin care and éonditioning,

k) reversal and prevention of senile xerosis,
1) conditioning and prevention of sun burns,

m) preventing and reversing the loss of collagzen,
n) improving skin texture,
0) imporving skin tone,

p) enhancing of skin thickness,

Q) decreasing pore size,

I) restoring skin luster,

s) minimising signs of fatigue,

t) reducing acne,

u) treatment of Telangiectasia and

v) improving aesthetic appearance of hair andl nails.

Pharmaceutical Application of the Free-radical scavenging (anti-oxidant) property

of the molecules.

Apart from the use of the compounds for- cosmetic applications based on their
AGE-breaking / AGE inhibiting and free-redical scavenging activities, the latter activity
of these compounds can be used in strategies directed at control of oxidative stress for

effective management of conditions discussed below:

Neuro-degenerative disorders such as Alzheimer’s disease (A.D.),
Parkinson’s disease (P. D.), Huntington’s diseease (H.D.), Motor neuron disease

(ML.N.D), Prion disease

As people age, their antioxidant levels dim_inish and these low levels are directly
linked to the many diseases associated with aging such as Alzheimer’s and Parkinson’s
disease. One of the leading hypotheses is that «oxidative stress induced by Relative
Oxygen Species (ROS) damages essential cormponents of the neurons, resulting

ultimately in the neuronal death. Oxidative stresss is involved in various divergent
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events leading to mmeuronal damage, including an increase in meﬁnbrane rigidity, DNA
strand break, and ismpairment in glucose uptake. Several potential sources of oxidative
stress in différent rreurodegenerative disorders have been well ideniiﬁed [Munch G, et
al. 1998].

In A.D. mitochondrial dysfunction, amyloid beta mediated processes; transition
metal accumulation and genetic factors are responsible for the redox imbalance [Smith

MA, et al 2000].

Point mutati ons in Superoxide Dismutase énzymes are known in the familial
form of MND.

Disturbances of neuronal energy metabolism have been implicated as a

pathogenetic mecharism for HD. [Browne SE, et al. 1999]
Diab-etes and Diabetic Vascular Complications DVCs)

The cause o f oxidative stress in diabetes is not yet fully understood but is
thought to be due to mitochondrial dysfunction, direct enzyme inhibition by
hyperglycemia, auto-oxidation of glucose, and activation of nicotinamide-adenine
dinucleotide phosphate (NADPH)-oxidase. Oxidative stress in diabetes is also increased
due to weakened defenses due to reduced endogenous antioxidants. The oxidative stress
manifests itself as eJevated concentrations of lipid peroxidation products, erythrocyte
fragility, and decreases in the antioxidant enzyme systems (CAT, GSH Px, SOD).
Recent studies also have shown a positive correlation between blood glucose
concentration and oxidant-induced lymphocyte DNA damage [E.J. Harper The 24™
Annual WALTHAM “*/OSU SYMPOSIUM]

ROS are gemerated during glucose oxidation and formation of advanced
glycosylation end pxoducts (AGE). Evidence has accumulated indicating that the
generation of ROS plays an important role in the development of DVCs. Many
biochemical pathways associated with hyperglycemia such as advanced glycosylation,

glucose auto oxidatiom, and polyol pathway can increase the production of free radicals.
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Hyperglycemia in diabetic patients leads to excess avito-oxidation of glucose thereby

reducing molecular oxygen and yielding oxidizing immtermediates such as superoxide

ions (Oy), hydroxyl radicals (‘OH), and hydrogen peroxide (H203). Free radicals

accelerate the formation of advanced glycosylation end products (AGE), because
fragmentation and conformational changes.occurring. dluring glycosylation and glucose
oxidation have been shown to be dependent upon free radicals. AGEs in turn supply
more free radicals; this process is termed as oxidative glycosylation or glycoxidation.
These free radicals impair vascular relaxation by inacti-vating or quenching nitric oxide
(NO) and also adversely affect the endothelial function. Evidence also suggests that
Maillard reaction acts as an amplifier of oxidative darmage in aging and diabetes [D.
Guigliano et al, 1996].

Intestinal diseases

Oxidative stress is an important cause of tissue injury that occurs in
inflammation and ischemia. Intestinal ischemia, radiatiom enteritis, inflammatory bowel
disease, and promotion of gastric and colorectal cammcers are some of the gastro-

intestinal conditions where oxidative stress is implicated din the pathogenesis.
Liver diseases

Alcoholic liver disease - Ethanol induces an increase in lipid peroxidation either
by enhancing ROS or decreasing the level of endogen ous antioxidants. Ethanol also
induces variety of cytochrome P450 enzymes in microsomes and xanthine oxidases in
cytosol. The role of these enzymes in the generation of oxidative stress has been well

established in various studies [Ishii H, et al. 1997)].

Chronic hepatitis C- Enhanced oxidative stress imitiates a fibrogenesis cascade
in the liver of patients with chronic hepatitis C. Evidence s are coming up supporting an
oxidative stress pathway leading to active fibrogenesis in chronic hepatitis C. This
fibrogenesis cascade characteristic of severe chronic hep atitis C (e.g, oxidative stress,
induction of c-myb, activation of stellate cells, and <ollagen gene expression) is

stimulated by ROS.
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Cancers

Oxidatiwe damage to DNA is a result of interaction of DNA with ROS, in
particular the hs/droxyl radical. The hydroxyl radicals produce multiple modificati«ons in
DNA. Oxidative attack by OH radical on the deoxyribose moiety leads to the relezse of
free bases fromm DNA, generating strand breaks with various sugar modification.s and

simple abasic (/P) sites.

ROS  alsso interact with and modify cellular protein, lipid, and DNA, which
results in alterec] target cell function. The accumulation of oxidative damage has been
implicated in both acute and chronic cell injury including possible participation #in the
formation of ca ncer. Acute oxidative injury may produce selective cell death @nd a
compensatory imcrease in cell proliferation. This stimulus may result in the formati on of
newly initiated preneoplastic cells and/or enhance the selective clonal expansion of
latent initiated preneoplastic cells. Similarly, sublethal acute oxidative injury may
produce unrepai red DNA damage and result in the formation of new mutations and,
potentially, new~ initiated cells. ROS, therefore, can have multiple cffects ira the
initiation stage -of carcinogenesis by mediating carcinogen activation, causing IDNA

damage, and intesrfering with the repair of the DNA damage.

Benefits «of various antioxidants in preventing or treating following cancers have

been extensively studied.

1) Lung can cer

2) Colorectaal cancer

3) Cervical cancer

4) Breast camcer

5) Malignan_t melanoma

Oxidative stress in cardiac diseases

Lifelong Hhigh levels of antioxidant nutrients are supposed to protect agains< the

development of heart disease. High doses of antioxidants in the month following an
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acute heart attack have been shown to significantly reducce the number of deaths, as well

as the extent of cardiac damage in non-fatal cases.

It is currently thought thgt mcrease in oxidative stress is involved in the
pathophysiology of endothelial dysfunction that accompanies a number of
cardiovascular risk factors including hypercholesterolemia, hypertension and cigarette
smoking. It also plays a pivotal role in the evolution of clinical conditions such as
atherosclerosis and heart failure. Oxidative stress can activate redox-sensitive kinase
cascades and transcription factors such as NFgB and AP-1, with resulting increases in
the expression of factors associated with an inflamrmatory response and cellular
proliferation. There are three enzyme systems producing reactive oxygen species in the
vascular wall: NADH/NADPH oxidase, xanthine oxidoresductase, and endothelial nitric
oxide synthase (Zalba G. et. al, 2000, Rosenfeld ME, 1998).

Atherogenesis is regarded as the outcome of interactions among multiple
stimuli. Endothelial dysfunction plays a key role in the d evelopment of atherosclerosis.
Elevated homocysteine concentrations are associated w-ith rapid onset of endothelial
dysfunction, which is another mechanism by whichh increased oxidative stress
contributes to atherosclerosis. Oxidation of low-density Ripoprotein plays an important
role at several steps in atherogenesis. Oxidative stress also activates NFxB, which
induces expression of genes controlling cytokine express@on and leukocyte adhesion to

vascular wall. (Maxwell, et al. 1997).

Animal studies have provided evidence by suggresting that free radicals may
promote thrombosis, directly damage vascular cells and other tissues, and interfere with
vasomotor regulation with the clinical sequelae of myocairdial infarction and ischemic

stroke.

In tissues where oxygen supply becofnes used up following ischemia, as in
myocardial ischemia, the enzyme xanthine oxidase is changed to a form that has
potential to reduce oxygen to superoxides. On recadmmission of oxygen e.g. by .
reperfusion there is a burst of free radical generation. ROS are formed at an accelerated

rate in post-ischemic myocardium. Thus biochemical clamage due to free radicals
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contributes to the ischemic injury.

“Oxidative stress also seems to be- one of the mechanistns that may produce
membrane defects and result in intracelluBlar calcium overload, and cardiac contractile

ciysfunction in the stunned myocardium.
Macular degener—ation and cataract

Oxidative damage to lens of the eye with increase in age has a major
contribution in cataract formation. Maculax degeneration is also being recognized as a

consequence of oxidative damage.
HIV disease

Perturbation of anti-oxidant defense system has been observed in various tissues
in HIV patients. Oxidative stress may co ntribute to several aspects of HIV disease
pathogenesis such as viral replicatibn, inflammatory response, and decreased immune
cell proliferation, loss of immune function, apoptosis, chronic weight loss. Antioxidants

may offer a promising treatment to HIV patents.

Chronic obstructive pulemonary diseases (COPD)

Alteration in the alveolar and lmng metabolism of glutathione is widely
recognized as a central feature of many in=flammatory lung diseases including COPD.
These changes are a result of the alteratieon in the gene expression of the gamma-
glutamyl cystine synthase (Gamma-GCS), the rate-limiting enzyme in glutathione
synthesis. Oxidative stress is implicated in the pathogenesis of COPD, since it results in
inactivation of anti proteinases, airspace epithelial injury, mucus hypersecretion,
increased influx of neutrophils into the lun_gs, transcription factor activation and gene

expression of pro-inflammatory mediators [IWlacNee W, et al. 2001].
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Renal Disease

ROS hav'e been implicatéd not only in the genesis of different forms of renal
disease, predomimantly experimentally induced glomerulonephritis, but alsp in dlfferent

forms of acute remal failure.
Asthma

Although the pathogenesis of asthma is not fully defined, a typical feature is an
increase in the number of inflammatory cells in the lung. Such cells generate ROS,
which are involved in the pathophysiology of asthma, including airway smooth muscle

contraction, increased airway reactivity, and increased vascular permeability.
E ffect of antioxidant status on immunologic function

The immuane system is particularly sensitive to oxidative stress, primarily
because immune <cells rely heavily on cell-to-cell communication to work effectively.
Peroxidation of cell membranes compromises membrane integrity and disrupts

intracellular signaLing.
Cataract

Oxidative damage to lens of eye with increase in age has been a major

contribution in cat aract formation.
Thus, by scavesnging the free radicals, the following diseases can be managed.

1) Neurodegenerative disorders
(a) Alzkeimer’s Disease
(b) Parkinson’s Disease
(c) Hun.tington’s Disease
(d) Mot or Neuron Disease

(e) Priom Disease
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2)

3)

4)

5)

6)

7

8)

Diabetes and Diabetic Vascular Complicati ons

Intestinal Diseases

(a) Intestinal Ischemia

(b) Radiation Enteritis

(c) Inflammatory Bowel Disease
(d) Gastric and Colorectal Cancers

Liver Diseases
(a) Alcoholic Liver Disease
(b) Chronic Hepatitis C

Cancers

(a) Lung Cancer

(b) Colorectal Cancer
(c) Cervica} Cancer

(d) Breast Cancer

(e) Malignant Melanoma

Cardiac Diseases

(a) Atherosclerosis

(b) Myocardial Infarction
(c) Ischemic Stroke

(d) Endothelial dysfunction

Opthalmic Disorders
(a) Cataract formation

(b) Macular degeneration

HIV Disease
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9 Respiratory Diseases
(a) Chronic Obstructive Pulmonary Diseases (COPD)
(b) Astlama

10)  Renal D iseases
(a) Glormerulonephritis
(b) Acute Renal failure

SUMMARY OF THE INVENTION

The first ob.jective of the present invention is to provide a new class of five
membered heterocysclic ring compounds which are useful for the management of
diabetes and aging Telated vascular complications and particularly in the treatment of
complications of dizabetes mellitus and other aging related conditions such as vascular
and neurovascular complications including kidney disease, nerve damage,
atherosclerosis, retinopathy, inflammatory  disorders, immunological disorders,
oxidative stress and dermatological & cosmetic indications. The invention also extends
the method to reversse the discoloration of teeth resulting from nonenzymatic browning
in the oral cavity which comprises administration of an amount effective to reverse the

pre-formed advanced glycosylation crosslinks.

The second object of the present invention is to provide compounds of five

membered heterocycslic ring compounds, which exhibit AGE bréaking and inhibiting

activities.

The third objesct of the present invention is to provide a method of preparation of
compounds of five membered heterocyclic ring compounds, which exhibit AGE

breaking and inhibiti ng activities.

The fourth object of the invention is to provide pharmaceutical compositions
with a new class of compounds of five membered heterocyclic ring compounds,
according to the invesntion and their pharmaceutically acceptable salts in combination

with suitable carriers, solvents, excepients, diluents and other media normally employed
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in pereparing such compositions.

‘The fifth object of the invéntion is to prévide a method of treatment of a
diabetic patient by administration of the compounds of the invention, either singly or in
comabination with drugs for anti-diabetic therapy, or pharmaceutically accexptable salts
ther eof in required dosage in admixture with pharmaceutically acceptaible diluent,

solv-ent, excepients, carriers or other media as may be appropriate for the purgose.
The sixth object of the invention is to provide a new class of compovinds having
a) free radical scavenger ‘activity b) AGE breaker activity and ¢) AGSE inhibitor

actiwvity in the same molecule.

The seventh object of the invetion is to provide a cosmetic compositieon comprising

these compounds as active ingredients.

The eighth object of the invention is to provide a process for makings the cosmetic

comyposition.

The nineth object of the invention is to provide a method for cosmetic application

by apoplying the cosmetic composition of the invention.

The tenth object of the invention is to provide a pharmaceutical comp osition useful

for scavenging free-radicals from the body cells.

The eleventh object of the invention is to provide a method for scavenging free

radic als from the body cells of a mammal .

The twelth object of the invention is to provide a method of treatmert of diseases

caused by accumulation of free radicals in the body cells of a mammal.

The thirteenth object of the invention is to provide a method for inhib iting AGE

and also a composition for inhibiting AGE in a mammal.
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Another object of the invention is to provide a dizlysis fluid useful for peritoneal

dialysis of a diabetic patient.

The invention also provides for a method of costmetic treatment by applying the
compdsition as above. The invention further provides a pharméceutical composition
useful for scavenging free radicals from the body cells of a mammal comprising the
compound as defined above or its pharmaceutically acceptable salts in admixture with a

pharrnaceufical]y acceptable carrier, diluent excipient or solvent.
The invention further provides a method of sca-venging free radicals from the
body cells of a mammal by administering the pharmaceu-tical composition as mentioned

above or a method of treatment of diseases caused by ae<cumulation of free radicals by

administering the said composition.

The invention in addition provides a method for inhibiting AGE and a

composition for inhibiting AGE by use of the compounds of invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a new class of AGIEE-breakers of formula I

AE)B
R2 . _R1
R3 ~r
R4

~

f?l+
X~ R5

(D)

wherein
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R1 is alkyl or aryl group;

Y 1s selected from the group consisting of sulfur, oxygen, nitrogen or alkyl ;

A and B are independently selected from nitrogen, sulfur, oxygen or carbon to form
heteroaromatic ring system;

R2, R3 and R4 are independently’ selected from the group consisting of F, C, Br, L,
ORy, NO,, alkyl, aryl including heteroaryl, formyl, acyl, C(O)NRgR7, C(O)ORg, NR¢R7,
N=C(Re)(R7), SRs, SO;NH,, SOz alkyl,SO.aryl; Ry, R; and R4 might be optionally

joined together to form a ring system;

If quaternized, Rs is independently/ selected for the group consisting of alkyl or aryl; if

not quaternized, Rs is null, and X is null;

Rg is independently selected from the group consisting of H, alkyl and aryl including
heteroaryl provided R¢ might be di fferent for R, Rj and R4 in the same compound;

R is independently selected from the group consisting of H, alkyl and aryl including
heteroaryl and in each case optionally different from substituent Ry, provided Ry might

be different for R R3 and Ry in thes same compound;

If quaternized , X is selected from group consisting of a halide ion, acetate jon,
perchlorate ion, sulfonate ion, oxalate ion, citrate jon, tosylate ion, maleate jon,
mesylate ion, carbonate ion, sulfite ion, phosphoric hydrogen ion; phosphonate jon,
phosphate ion, BF4 and PTg

with proviso that when two alkyl groups are present on the same carbon or nitrogen,

they are optionally linked together to form a cyclic structure.

As used herein, "alkyl" refexs to an optionally substituted hydrocarbon group
joined by single carbon-carbon bonds and having 1 to 8 carbon atoms joined together.
The alkyl hydrocarbon group may be linear, branched or cyclic, saturated or
unsaturated. The substituents are selected from F, Cl, Br, I, N, S, O and aryl. Preferably,

no more than three substituents are present.
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#As used herein "aryl" refers to an optionally substituted aromatic group wwith
atleast one ring having a conjugated pi- electron system, containing upto IWo
conjugated or fused ring systems. Aryl includes carbocyclic aryl, heterocyclic aryl =nd
biaryl groups, all of which may be optionally substituted. The substituents are selected
from F, «Cl, Br, I, N, S, O and straight chain or branched C 1-Cg hydrocarbon,

Im a preferred embodiment the invention provides a new class of AGE breakzer, .
AGE inhaibitor and free radical scavengers of formula (1) and their pharmaceutically~ or

cosmetic ally acceptable salts

A"B .

R1

Rz R2 |O Ny

R4

/
'T‘+
X~ RS
(1)

wherein,

R 1s hydmogen or selected from linear or branched (Ci-Cy2) alkyl, (C5-Cy5) alkenyl,

(GC5-Cy) cycloalkyl, (Cs-C;)  cycloalkenyl, bicycloalkyl,  bicycloalkeny-1,
heterocycl oalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl and wherein one or mor-e
heteroatormas when present are independently selected from O, N, or S and is optionall y
substitutecd, wherein the substituents are selected from a first group consisting of
halogen, Eiydroxy, nitro, cyano, amino, oxo and oxime or from a second groump
consisting of linear or branched (Cy — Cg) alkyl, (Cs - Cy) cycloalkyl, alkylcycloalkyll,
perhaloalkyl, perhalocycloalkyl, aryl, aralkyl, alkylaryl, alkylheteroaryl, aralkoxylalkyP,
perhaloary 1, alkylheterocycloalkyl, heterocyclyloalkyl, perhaloheterocyclyloalkyl ,
heteroaryl, heteroaralkyl, alkylaryl, perhaloheteroaryl, acyl, alkoxyalkyl, thioalkyl anci
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Cjz)alkenyl, (C5-C7)eyclowalkyl, perhalocycloalkyl, haloheterocycloalkyl,
cyanoheterocycloalkyl, perha loheterocycloalkyl, (Cs-Cy)cycloalkenyl, bicycloalkyl,
bicycloalkenyl, heterocycloallcyl, aryl, aralkyl, heteroaryl, heteroaralkyl, perhaloaryl,
perhaloheteroaryl wherein subsstituents of said group are optionally substituted by R;o;

Ry is selected from halogen, bhydroxy, nitro, cyano, amino, oxo, perhaloalkyl (C;-Cg),

or oxime;

X is selected from group cormprising of a halide ion, acetate ion, perchiorate ion,
sulfonate ion, oxalate ion, citra te ion, tosylate ion, maleate ion, mesylate ion, carbonate
lon, sulfite ion, phosphoric hy~drogen ion, phosphonate ion, phosphate ion, BF4 and
PFg

provided when the groups /. substituents are present on same or adjacent carbon or
nitrogen atoms they together m.ay optionally form a five or a six or a seven membered
ring optionally containing one -or more double bonds and optionally containing one or

more heteroatoms selected fromm O, N, or S.

The compounds of formula (1) as defined above, is understood to include their
analogs, their tautomeric forms, their stereoisomers, their polymorphs, their

pharmaceutically acceptable solwates and their cosmetically acceptable solvates.

The non-limiting exampJes of pharmaceutically / cosmetically acceptable salts
of the compounds of this invent3on include but not limited to salts of the carboxylic acid
moiety such as alkali metai salts like Li, Na and K salts; alkaline earth metal salts like
Ca and Mg salts; salts of organic bases for example lysine, arginine, guanidine,
diethanolamine, choline, and time like; ammonium or substituted ammonium salts and
aluminium salts;  salts may be acid addition salts for example sulfates, nitrates,
phosphates, perchlorates, borates, hydrohalides, acetates, tartrates, maleates, citrates,
succinates, palmoates, methanesulfonates, benzoates, salicylates, hydroxynaphthoates,

benzensulfonates, ascorbates, gly/cerophosphates, ketoglutarates and the like.

The following novel comapounds are suggested By way of example alone of the

representative compounds of thee general formula I as defined above and in no way
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a)  1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-phenyl methyl) pyrazol-5-yl] pyridinium
bromide (compound 1);

b) 1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-phenyl methyl) oxazol-5-yl pyridinium
bromide (compound 2);

c) 1-(2-thien-2’-yl-2-oxoethyl)-3-[3-{1-(2-thien-2’-yl)-2-oxoethyl ~ pyridinium-4-
thio} méth}fl-pyrazol-S-yl 1 pyridinium dibromide. (compound 3);

d) 1-(2-thien-2’-yl-2-oxoethyl)-3-[3-{1-(3,5-dimethylpyrazol-1-yl)- methyl}
pyrazol-5-yd] pyridinium bromide. (compound 4),

e) 1-(2-thien-Z’-yl-2-oxoethyl)-3-[ {3-phenylmethyl}-1-{2-pyridyl}-pyrazol-5-yl}-
pyridinium "bromide. (compound 5);

f) 1-(2-thien-2-’-yl-2-oxoethyl)-3-[3{(3,5-dimethylpyrazol-1-yl) methyl-1-pyridyl}
pyrazol-5-yR] pyridinium bromide. (compound 6);

g) 1-[2-(cyclopropylamino)-  2-oxoethyl]  3-[3-{(3,5-dimethyl pyrazol-1-yl)
methyl}-pyr-azol-5-yl]-pyridinium bromide. (compound 7);

h) 1-{2-(4-nitreo-2-thienyl)-2-oxoethyl}-3-[3 {(3,5-dimethylpyrazol-1-yl) methyl}-
pyrazol-5-yR]- pyridinium bromide. (compound 8);

i) 1-(2-cyclopropylamino-2-oxoethyl)-3[(3-phenylmethyl) pyrazol-5-yl]
pyridinium chloride. (compound 9);

j) 3,5-bis- [ 1-(2-thien-2’-yl-2-oxoethyl)-pyridinium-3-yl]-pyrazole dibromide.
(compound 10);

k) 1-(2-thien-2 ’-yl-2-oxoethyl)-3-[(1-phenyl-3-phenylmethyl) pyrazol-5-yl]-
pyridinium chloride. (compound 11);

1) 1-(2-(5’-methyl-2-thienyl)-2-oxoethyl)-3-[(3-phenylmethyl) pyrazol-5-yl]
pyridinium chloride. (compound 12); |

m) 1-(2-thien-2 ’-yl-2-oxoethyl) 3-{1-phenyl,3-{(3,5-dimethyl pyrazol-1-yl)
methyl)} pyrazo)-5-y1]- pyridinium chloride. (compound 13);

n) 1-(2-phenyl-2-oxoethyl)-3-[(3-phenylmethyl) pyrazol-5-yl]- pyridinium
bromide. (compound 14);

0) 1-(2-cycloprropylamino- 2-oxoethyl) 3-[(1-phenyl-3-phenylmethyl) pyrazol-5-
yl]-pyridinitam chloride (compound 15);
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p) 1-(2-(4-benzyl-1-piperidinyl)-2-oxoethyl) 3-[«3-phenoxymethyl) pyrazol-5-yl]-
pyridinium bromide (compound 16);

q) 1-(2-phenyl-2-oxoethyl)-3-[(3-(3,5-dimethylpyerazol-1-yl) methyl) pyrazol-5-
yl]}-pyridiniumn chioride (compound 17);

'r) 1—(2-(5-methyl-2-thienyl)-Z—oxoethyl)-3~[(3;-(3,5-dimefhyl pyrazol-1-yl)methyl).

pyrazol-5-yl] pyridinium chloride (compound 2 8);

s) 1-(2-phenyl-2-oxoethyl)-3-[(1-phenyl-3-phenyImethyl) pyrazol-5-yl] pyridinium
chloride (compound 19);

) 1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3-[(3(2-cyclohexyl ethyl)pyrazol-5-yl]
pyridinium chloride (compound 20); '

u) 1-(2-cyclopropylamino-2-oxoethyl)-3-[(3-(2-cy-clohexylethyl) pyrazol-5-yl]
pyridinium chloride (compound 21);

v) 1-(2-phenyl-2-oxoethyl)-3-[(3-(2-cyclohexylethyl) pyrazol-5-yl]  pyridinium
chloride (compound 22);

w) 1-(2-cyclopropylamino-2-oxoethyl)-3-[(1-cyclashexyl-3-phenylmethyl) pyrazol-

~ 5-yl] pyridinium chloride (compoﬁnd 23); :

x) 1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-phenoxymethhyl) pyrazol-5-yl] pyridinium
chloride (compound 24);

y)  1-[2-(1-adamantylamino)-2-oxoethyl]-3-[(3-p-henylmethyl) pyrazol-5-yl]
pyridinium chloride (compound 25);

z) 1-(2-phenyl-2-oxoethyl)-3-[ {3-(3,5-dimethylpywazol-1-yl)methyl)} 1-phenyl-
pyrazol-5-yl] pyridinium bromide (compound 2 6);

aa) 1-(2-(4-nitro-2-thienyl)-2-oxoethyl)-3-[(1-cyclo hexyl-3-(3,5-dimethylpyrazol-1-
yl)-methyl) pyrazol-5-yl] pyridinium bromide (compound 27);

bb) 1-(2-(4-nitro-2-thienyl)-2-oxoethyl)-3{(3-(2-cylohexylethyl)pyrazol-5-yl]
pyridinium bromide (compound 28);

cc) 1 ~.(2—thien-2 ’-yl-2-oxoethyl)-3-[(1-phenyl-3-phe=noxymethyl) pyrazol-5-yl]
pyridinium chloride (compound 29);

dd) 1-(2-(4-nitro-2-thienyl)-2-oxoethyl)-3-[(1-pheny/1-3-phenylmethyl)  pyrazol-5-
yl]pyridinium bromide (compound 30);

ee) pyrazole 1-(2-cyclopropylamino-2-oxoethyl)-3-F (3-phenoxymethyl)
pyrazol-5-yl] pyridinium chloride (compound 3 1),

ff) 1-(2-cyclopropylamino-2-oxoethyl)-3-[(1-cyclobexyl-3-(3,5-dimethy! pyrazole)

N
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40

~1-yl) -5-yl] pyridinium chloride (compo—und 32);

gg) 1-(2-(5-chloro-2-thienyl)-2-oxoethyl)-3-[ «3-phenoxymethyl) pyrazol-5-yl]
pyridinium bromide (compound 33); .

hh) 1-(2-phenyl-2-oxoethyl)-3-[(1-phenyl-3—phenoxymethyt) pyrazol-5-yl}
pyridinium chloride (compound 34); '

i) 1-(2-thien-2’-yl-2-oxoethyl)-3-[(1-cycloh exyl-3-(3,5-dimethylpyrazol-1-yl-
methyl)pyrazol-5-yl]pyridinium chloride (compound 35);

§) 1-(2-cyclopropylamino-2-oxoethyl)-3-[(1 -phenyl-3-phenoxymethyl) pyrazol-5-
yl]pyridinium bromide (compound 36);

kk) 1-(2-thien-2’-yl-2-oxoethyl)-3-[(1-phenyl -3- (2-cyclohexylethyl) pyrazol-5-yi]
pyridinium bromide (compound 37);

1)  1-(2-thien-2’-yl-2-oxoethyl)-3-[(1-cyclohexyl-3-phenoxymethyl) pyrazol-5-yl]
pyridinium chloride (compound 38);

mm) 3-[(3-phenylmethyl) pyrazol-5-yl} pyridtine hydrochloride (compound 39);

nn) 3-[(3-phenoxymethyl) pyrazol-5-yl] pyrideine hydrochloride (compound 40);

00) 3-[(3,5-dimethylpyrazol- 1-yl-methyl) pyrazol-5-yl} pyridine (compound 41);

pp) 3-[3-(2-cyclohexyl-ethyl)-pyrazol-5-yl] psridine (compound 42);

qq) 1-(2-napthyl-2-oxo ethyl)-3[(3-pphenoxymethyl)pyrazol-5-ylJpyridinium
bromide (compound 43) ;

1) 1-(phenylmethyl)-3[(3-phenyl methy-1)pyrazol-5-yl]pyridinium chloride

(compound 44) ;

ss) 1-(2-thien-2’-yl-2-oxo0 ethyl)—3[(3(-1—naththyl)pyrazol-S-yl]pyfidinium chloride
(compound 45) ; :

tt) 1-(2-phenyl-2oxoethyl)-3{3(thienyl-2-yl-tmethyl)pyrazol-5-yllpyridinium
chloride (compound 46) ; .

uu) 1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3-[3(2-pheny! ethyl)  pyrazol-5-
yl]pyridinium chloride (compound 47) ; .

vv) 1-(2-(5-methyl  2-thienyl)-2-oxo ethyM)-3-[3-(3-phenoxy propyl)pyrazol-5-
yllpyridinium chloride (compound 48) ; :

wW) 1-(isopropyl)-3[(3-phenylmethyl)pyrazol-5-yl]  pyridinium  bromide
(compound 49);

xx) 1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3-[ €3-thiophenylmethyl)pyrazol-5-
yl]pyridinium chloride (compound 50) ;
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yy) 1-(2-thien-2’-yl-2-oxoethyl)-3 [(3-(N-methyl-indole-3-=1  methyl) pyrazol-5-
yl}pyridinium chloride (compound 5 D;

2z) 1-(2-napthyl-2-oxo-ethyl)-3[(3-methyl)pyrazol-5-yl]pyridinium bromide
5 {compound 52) ;
aaa) 1-(2-(1,4 beﬁzodioxane—6—yl-amino-2-6xo ethyl)-3[(3-phenylmethyl)
pyrazol-5-yl]pyridinium chloride (compound 53) ;
10 bbb) 1-(2-thien-2’-yl-2-ox0.  ethyl)-3[(3-phenyl)p=yrazol-5-y1]-S  bromo-
pyridinium chloride (compound 54);
cce) 1-(2-thien-2’-yl)-2-oxoethyl)-3[(3 -phenyi)pyraz:ol-S -yl]lquinolinium
chloride (compound 55) and
P ddd) 3—[(3-phenyl)pyraiol-S-yl)]quinoline (compounad 56) .
A compoundwise list of substituents of the above commpounds in relation to the
general structural formula (I) of the compounds as defined mbove is tabulated below :
20
Table - 1
Comp. | R1 R2 |R3 |R4 [RS A B Y X
‘No
1 Phenyl | H H |'H -CH,-C(0O)-2- NH N -CH, | -Br
thienyl '
2 Phenyl | H {H |H -CH,-C(0)-2- O N -CH, | -Br
thienyl
3 Struct [H |H |H -CH,-C(0)-2- NH N -CHy | -Br
ure (a) thienyl -S
4 Struct | H H (H -CH,-C(0)-2- NH N -CH, | -Br
ure (b) thienyl
5 - H H |[H -CH,-C(0)-2- N-(2- N -CH, | -Br
Phenyl thienyl pyridy-1)
6 Stuct |[H |H |H |-CH,-C(O)=2- N-(2- N -CH, | -Br
ure (b) thienyl pyridy 1)
7 Stuct [H |H |H -CH,-C(0)- NH N -CH; | -Cl
ure (b) NH(Cyclopropyl)
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Comp. | R1 R2 |R3 | R4 { RS A Y X
No .
8 Stuet | H | H H -CH,-C(0)-(5- NH N -CH; | -Br

ure (b) nitro-2-thienyl)
5 Phenyl | H |H H -CH,-C(0)- NH N -CH; | -Cl
NH(Cyclopropyl)
10 Stact |[H |H | H |-CHCO)2-  [NH N mall | -Br
ure (¢) thienyl
11 Phenyl | H |H H -CH,-C(0)-2- N- N -CH, | -Cl
thienyl (phenyl)
12 Phenyl |H |H | H | -CH-C(O)-(>- | NH N CH, | -CI
methyl-thien-2-
yD
13 Stuet ([H (H | H -CH,-C(0)-2- N- N -CH, | -C1
‘ ure (b) thienyl (phenyl)
14 Phenyl H |H | ™H |-CH,-C(0)- NH N -CH; | -Br
phenyl
15 Phenyl [ H |H |H |-CH,-C(O)- N- N -CH, | -Cl
NH(Cyclopropyl) | (phenyl)
16 Phenyl H |H |H |-CH,-C(O)-(4- NH - -Cl
benzyl-pipéridin— CH,-
1-yD) O-
17 Stuct |H [(H |H |-CH,-C(O)- NH N -CH, | -Cl
ure (b) phenyl
18 Struct |H |H |H | -CH,-C(O)-(5- NH N -CH; | -Cl
ure (b) methyl-thien-2-
‘ yD
19 Phenyl  H |H |H |-CH-C(O)- N- N -CH; | -C1
phenyl (phenyl)
20 Cyclo ([H [H |H |-CH;-C(O)-(5- NH N - -Cl
hexyl methyl-thien-2- CH,-
yD CH,-
—

W
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Comp. [RI Rz |R3 |R4 | RS A Y X
No _

21 Cyclo |H |H |H -CH,-C(O)— NH N - -Cl
hexyl. NH(Cycloperopyl) | CH,-
' CHy-
22 Cyclo |H |H |H -CH;-C(O)— NH N - -Cl
hexyl phenyl CH;-
CH;-
23 Phenyl | H H |H -CH,-C(O)— N- N -CH; | -Cl
NH(Cyclopopyl) | (cyclohe
xyl)
24 Phenyl | H H |H -CH,-C(O)—-2- NH N - -Cl
thienyl CH,-
O-
25 Phenyl | H H [H -CH,-C(O)-_NH- | NH N -CH, | -Cl
| (1-adamanty1)
26 Struct | H H |H -CH,-C(0)- N- N -CH; | -Br
ure (b) phenyl phenyl
27 Struct | H H |H -CH,-C(O)-«(4- N- -CH; | -Br
ure (b) nitro-thien-22-yl) (cyclohe
xyD)
28 Cyclo | H H |H -CH,-C(O)-¢4- NH - -Br
hexyl nitro-thien-2_-yl) CH,-
, CH,-
29 Phenyl | H H |H -CH,-C(0)-2- N- N - -Cl
thienyl phenyl CH,-
O-
30 Phenyl | H H |H -CH,-C(0)-(4- N- N -CH, | -Br
‘ nitro-thien-2 -yl) | phenyl
31 Phenyl | H H |H -CH,-C(O)- NH N - -Cl
NH(Cyclopreopyl) ' CH,-
O-
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Comp. |R1 R2 |R3 |R4 |RS A B Y X
No _
32 Struct | H H |H -CH,-C(0)- N- N -CH, |-Cl
ure (b) NH(Cyclopropyl) | (cyclohe
| xyl)
33 Phenyl |H |(H |H -CH;-C(0)-(5- NH N - -Br
chloro-thien-2-yl) CH;-
O—
34 Phenyl | H H [H -CH,-C(0)- N- N - -Cl
| phenyl phenyl CHI;-
. O-
35 Struct | H H (H -CH,-C(0)-2- N- N -CH, |-Ci
ure (b) thienyl (cyclohe
xyl)
36 Phenyl | H |H |H |-CH-C(O)- N- - |N - -Cl
NH(Cyclopropyl) | phenyl CHd;-
0O-
37 ‘Cyclo | H H |H -CH,-C(0)-2- N- N - -Cl
hexyl thienyl phenyl CHL,-
' CHI,-
38 Phenyl | H H |H -CH,-C(0)-2- N- N - -Cl
thienyl (cyclohe CHI;-
xyl) O-
39% Phenyl | H H (H Null NH N -CHl; | Null
40* Phenyl | H H |H Null NH N - Null
- CH -
O-
41 Stuct | H [(H |H Null NH N -CEL; | Null
ure (b)
42 Cyclo | H H [H Nuli NH N - Null
hexyl CH .-
CH --
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Comp. | R1 R2 |R3 |R4 | R5 A B Y X
No
143 Phenyl | H |H |H -CH;-C(O)-2 - ' NH N - -Br
napthyl CHe-
O-
44 Phenyl |l H |H |H -CHs-phenyl NH N -CH, | -Cl
45 1- H (H [H -CH,-C(0O)-2—- NH N -CH; | -Cl
Napth thienyl
yl
46 2- H |H |H -CH»-C(0)-2— NH N -CH; { Cl
Thien phenyl
yl
47 Phenyl  H |H |H -CH,-C(O)-(5- NH N - -Cl
methyl-thien-2- CH;-
yh CH,-
48 Phenyl | H H |H -CH,-C(O)-(5 - NH N - -Cl
methyl-thien-2- CH;-
yl) CH;-
CH,-
O-
49 Phenyl H H [H Isopropyl NH N -CH; | -Br
50 Phenyl H |H |H -CH,-C(O)-(5~ NH N - -Cl
methyl-thien-22- CH,-
yD) S
51 1- H |H |H -CH>-C(0)-2- NH ‘N -CH; | -Cl
methyl thienyl
indole
-3-yl
52 H H |H |H -CH,-C(0)-2- NH N -CH, | -Br
napthyl

39
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Comp. | R1 R3 | R4 | RS A B Y X
No
53 P henyl H |H |-CH-C(O)NH- |NH N -CH, | -Cl
(G4
etﬁylenedioxy—
phenyl)
52 Phenyl 5- |H |-CHC0)2- | NH N Null | -ClI
Br thienyl
55 Phenyl Benzene | -CH,-C(O)-2- NH N Null | -Cl
ning fused | thienyl
at 5,6
position
56 PEaenyl Benzene | null NH N Null | -Cl
ring fused
at 5,6
position
* Isolated in the form of HCl salt.
AN |
+_ HC~— My
_ N I \ \ /
Br
S CH,
0]

Structure (a)

39

Structure (b)
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According to the embodiment of the present invention, the present
compounds are used for the treatment of diabetic complications, and aging related
vascular and neurovascular complications including kidney disease, nerve damage,
atherosclerosis, retinopatﬁy, inflamatory disorders, immunological disorders, oxidative
stress, dermatological & cosmetic indications and colouration of teeth occurring due to
the higher levels of preformed AGE. The increased levels of preformed AGE can be
brought under control by breaking / inhibiting the AGE products using compounds

mentioned in the invention.

The novel compownds of the invention of general formula I can be synthesized.
One way to prepare the compounds is by reacting o~ substituted / unsubstituted acetyl
pyridines with alkyl / ary/1 esters in the presence of a suitable base. Further, it is cyclized
by various synthetic methods. If required, quarternization can be done with appropriate
reagent by refluxing in alcoholic solvents like, methanol, ethanol, propanol, etc and
high boiling solvents lik e toluene, xylene or DMF for 6 - 48 hrs. to give the desired

compounds.

The examples of substituted pyridine derivatives which can be used for

. preparation of specific cosmpounds of the invention are given below :

1. N,N '-bisCnicotinyl)hydrazine
3-[(2-pyridyl)hydrazinocarbonyl]pyridine
3-[2-methanesul fonyl)hy&razinocmbonyl]pyridine
3-[(2-benzoyloxy)ethylaminocarbonyl]pyridine
3-[(2-phemylsulfonyl)hydrazinocarbonyl]pyridine
3-[(2-acetoxy)ethyloxycarbonyl]pyridine
3-[(2-benzoyloxy)ethyloxycarbonyl]pyridine
3-[(2-metlwoxy)ethyloxycarbonyl]pyridine

© BN M R W

3-[(2-phen.ylaminocarbonyl)hydrazinocarbonyl}jpyridine

Ik
o

3-[(2-acetoxy)ethylaminocarbonyl]pyridine

Y
ouy

3-[(2-(4-m.ethylpheny] sulfonylhydrazinocarbonyl))]pyridime

(oY
N

3-[(2-benz.oyl)- hydrazino carbonyl]pyridine

—
[FS]

3-[(2-phen.ylmethane sulfonyl) hydrazino carbonyl]pyridine
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14, 3-[(2-(3- cyclohexylpropanoyl) hydrazino carbonyl]pyridine
15. 3-[(2-methoxy)ethylaminocarbonyl]pyridine
16. 3-[1-0x0-1 -(2-methoxycarbonyl)pyridyl]hydrazino pyridine

The exainples of quaternizing agents, which may be used in the reaction, are given
below:
2-bromoacetyl thiophene
2-chloroacetyl thiopene
phenacylbromide

phenacylchloride

1.
2

3

4

5. 2,4-dichloropheanacylbromide
6 N- phenyl chloroacetamide

7 N- cyclopropyl chloroacetamide
8 ethylbromoacetate

9 bromo acetylfuran

10.  N-isopropylchloroacetamide
11. N- chloroacetyl-2-pyrrolidinone

12 chloroacetic acid

In-vitro screening for AGE-breaking Activity

Example 1A

The in vitro AGE formation, studied in the laboratory, by incubatings reducing
sugar glucose, with protein bovine serum albumin, resulted in browning of soJution and
increase in the fluorescence. Fluorescence was used as the criteria to meonitor the

increased AGE formation.

Materials:

Bovine serum albumin (fraction V) (BSA)
Glucose, analytical grade

Phosphate buffered saline (PBS)
Equipment:
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Microplate ELISA Reader - Spectramax Plus (Molecular Devices, USA)

Microplate washer, (Bio -Tec Instruments, USA)

PH meter

Methods of experiment: Elisa (Enzyme Linked Tmmunosorbent Assay)

160 mg/ml of protein, bovine serum albumin, B SA and 1.6M glucose sugar were
dissolved in phosphate buffered saline, PBS. Sosdium azide was added at 0.02%
concentration as a preservative. The solution waas filtered asceptically through a 0.22
OM filter and kept for aging at 37°C for 16 wee=ks. After 16 weeks the solution was
dialyzed against PBS, aliquoted and stored at - 20°C.

To determine the AGE breaking activity,. 100g/ml of the 16 weeks AGE-BSA
was incubated with different concentrations of tEae test compounds at 37°C for 24 hours

and AGE breaking activity of the test compoundlls by ELISA was determined.
ELISA was performed as follows:

1. Different concentrations of 16 weeks AGE-BBSA were coated on a microtitre plate
as standard. Each concentration is coated in triplacates.

2. The test samples were coated on microtitre pJate at a concentration of 5 ng. to 20 ng
per well in triplicates.

3. The plate was incubated at 37°C for one hour.

4. After incubation the plate was washed with PEBBST (PBS with 0.05% Tween 20).

5. Blocking with 5% skimmed milk in PBS at 37 °C for one hour was done.

6. The plate was washed with PBST.

7. Primary antibody against AGE-BSA was adde=d and the plate.is incubated at 37°C for
one hour.

8. The plate was washed with PBST

9. Secondary antibody anti rabbit HRPO (Horsse-Radish Per Oxidase) conjugate was
added and the plate is incubated at 37°C for one hour.

10. The plate was washed with PBST.

11. Colour development with’ OPD (orthoph:enylenediamine dihydrochloride) and
hydrogen peroxide was done.

12. OD (optical density) at (450nm reading - 620nm reading) was measured after
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incubation at 37°C for 15 minutes with Microplate ELISA Reader.
The breaker activity of the compounds were determined by the following
formula:
% Breaker activity = OD4sq.s50Control - ODgsg.g20 Test
x 100

ODj4s0.620Control
ODysp.620Control= Absorbance of 20ng AGE-BSA after incubation at 37°C For 24 hours
without test compound
ODysp-620Test= Absorbance of 20ng AGE-BSA after incubation at 37°C for 24 hours

with required concentration of test compound.

Example 1B
Gel Permeation Chromatography based method

Gel Permeation Chromatography based method was used to determine AGE breaking

activities of the compounds.

Principleﬁ
Separation by Gel Permeation Chromatography (GPC) depends on differenc-es in the size,
more precisely the hydrodynamic volume, of the proteins in a sample. The larger
molecules do not enter the pores of the column particles and elute in void wolume of the
column (Vp). The pores of a column particle are differentially accessib-le to smaller
particles, depending on their size. This volume of the column is called (V;). The total
accessible volume (V;) is the sum of the volume outside the particles (Vo) arad the volume
accessible inside the particles (V;):

Ve =V, +V,
Therefore, in a typical Gel Permeation Chromatography (GPC) run, high molecular

weight molecules elute at a lower retention time whereas lower molecular weight

“molecules are retained for longer time. For the purpose of quantification, the area under
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the curve for the respective molecule is record ed. The same principle has been applied
in the in vitro screening of the molecules o=f instant invention. Highly cross-linked
Advar.lced Glycosylated Endproducts (AGE) were prepared i;l vitro by incubating
Bovine Serum Albumin (BSA) with glucose feor a period of 16 weeks. The molecular
weight of BSA and AGE-BSA differs significantly on a GPC column and hence, there
is a very good resolution between the two. T he reduction in the area of AGE-BSA
incubated in the presence of AGE breaker as compared to that of conirol AGE BSA
(incubate;d in absence bf AGE breaker) gives ara estimate of the AGE breaker activity of
the drug. In order to check the non-specific activity of the molecule, a similar

experiment was repeated with BSA as well.

Methodology:

A known concentration of 16-week AGE-BS_A was incubated with and without a
predetermined concentration of the drug at 37°C for 24 hours in clean transparent glass test
tubes. The solution without drug served as the comtrol and the solution containing the drug

was treated as the test sample.

Gel permeation chromatography was performed osn equal volumes of control AGE — BSA
preparation and solution of AGE - BSA treate«d with drug. Average areas of the two

chromatograms were calculated.

Two major peaks were observed in the chromateogram of the control and treated AGE —

BSA samples:
Peak I = High molecular weight pesak
Peak II = Low molecular weight pe ak

45

44



WO 02/085897 PCT/IB02/01137

10

15

20

Peak I+ Peak I = Total AGE - BSA

Calculations:

(Average a rea of Peak I in treated sample)
% Breakage in Peak I = 100 - X 100

(Average area of Peak I in control sample)

(Average aream of Peak Il in treated sample)
% Bredkage in Peak II = 100 - X 100
(Average area of Peak II in control sample)

(Average area of pe-ak I+ Peak II in treated sample)
% Breakage Total =100 - X 100

(Average area of pe_ak I+ Peak II in control sample)

Using representative compounds, the % AGEE breaking activity was calculated and

results recorded in Table 2 given below :

Table 2
Sample Concentration YoBreakage
(Compound No.) (mM)
Compound 7 1.0 51.72
Compound 8 5 85.31
Compound 11 5.0 76.84
Compound 12 10 89.23
Compound 13 10 81.05
Compound 14 10 58.14
Compound 15 10 80.03
Compound 16 10 9551
Compound 17 10 52.27
Compound 18 5.0 52.97
Compound 19 10 91.22
Compound 21 10 93.43

o
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Compound 22 10 100.00
Compoumd 23 10 53.29
Compoumd24 | =~ 10 TR
Compoumd 25 5 ) 98.59
Compourid 26 . 10 42.37
Compourd 27 10 86.98
Cémpound 31 ' 10 45.72
Compourad 34 10 100.0
Compourad 35 10 66.66
Compourad 37 10 85.45
Compournd 40 10 66.06

Thus, compounds 7, 8, 11-19, 21-25, 27, 34, 35, 37 and 40 exhibits very good AGE
breaking activity, of which the potency of compounds 8, 11-13,
15,16,19,21 ,22,24,25.27,34 and 37 are significantly of high order.

AGE Inhibiting Activity of the Compounds

Further in view of the ability of the compounds of the instant inwsention to
prevent the onset of AGE formation by the inhibitory action now duscovered,
development of pathology condition caused by AGE could be prevented or reduced. '
The dual activities of the compounds as AGE breaker and also as AGE inhib itor make
them even rmore useful for the disease related to aging and diabetic compolications,
kidney diseases, nerve damage, retinopathy, neuropathy, endothelial dyssfunction,
atherosclerossis, micro angiopathy, browning that occurs in the oral cavity like “browning

of tooth, alzheimer, artirial compliance and distensibility, restenosis, abnormmal tissue

hindrance in peritoneal dialysis, erectile dysfunction and other dysfunction whaerein the

load of AGE on the cell is very crucial. In fact a triple action of the compounds (a)
AGE breaker: (b) AGE inhibitor (c) Free radical scavenger can be effectivelw utilized
for reversal «of prevention of several pathological conditions as well as reversal and

prevention of" cosmetic aspects of aging.
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Example 1C

" Test for AGE inhibiting activity.

The following method was used to determine the inlaibitory effect of the test

compounds

The following method was used to determine the inlmibitory effect of the test
compounds on Maillard reaction in-vitro. This method is a dopted from US Patent
No. 5, 514, 676 and European Patent No. 0 339 496 A2.

A solution of Bovine Serum Albumin (BSA), ribose and test compound was
prepared in Phosphate Buffer Saline (PBS, pH 7.4) so as to hawve final concentration of
BSA and nbose at 10mg/ml and 500mM respectively. ~ Adadition of compound was
done in aseptic conditions. Sodium azide (0.02%) was also added in this solution in
order to prevent microbial growth. A separate tube containing BSA, ribose and sodium
azide in the same concentration and buffer as above, but without any test compound,
was also incubated as positive control. After incubation at 37< C for 7 days, 40 micro
litre sample from each tube was removed and diluted wwith PBS to have final
concentration of BSA at Img/ml. The fluorescence of all the samples was measured at
Excitation Maximum of 355nM and the Emission Maximum cof 460nM using f-MAX
Fluorimeter (Molecular Device, USA). In order to study the effect of test compound
on fluorescence, freshly prepared: compound solution was mixed with previously
incubated positive control (i.e. BSA + ribose), so as to achiev-e same concentration of

all the componenfs as that of test samples.

The percent inhibition of test compound was measured ass follows:
F4-F3

% Inhibition = X 100
F4
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Where F3 = Fluorescence of BSA + ribose + compound,
F4 is fluoresce=nce of incubated (BSA + ribose) + freshly added test compound.

The reperesentative compounds of general formula (I) have been tested for the
5 activity as AGES inhibitor and the results recorded in Table 3 given below : '

Table-3

Compowmnd No. | Concentration| %Inhibition
(Day 7)

Compowmnd 6 10mM 66
Compowmnd 10 2.5mM 75
Compound 11 1.25mM 32.9
Compoumd 13 10mM 57
Compoumd 17 2.5mM 57.43
Compoumd 18 5mM 79
Compourid 19 SmM 64.23
Compound 22 2.5mM 51
Compournd 24 SmM 825
Compourad 26 SmM 61.45
Compourad29 SmM 55.22
Compoumd 34 SmM 60
Compoun.d 35 10mM 73.8

10
AGE Breakers:
As shown in Table 2 , the compounds of the present invention are useful for
breaking AGE. Hence, the compounds of the present invention can be used as a
medicament in the treatment of diabetic complications and aging-related diseases,
15 caused by accumulation of AGE. Also, these compounds can inhibit accumulation of
AGE by breaking AGE, they can be used as a medicament for controlling and reducing

the aggravation of disease conditions such as diabetes and aging related complications
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caused by accumulation of AGE.

The increased burden of AGE in any given tissue is ]ikeiy to result into a
pathological condition, and by different mechanisms thereafter may lead the various
5 disease conditions Thus, reducing the tissue burden of AGE the compounds of the
instant invention can reverse these conditions, and the prevention of AGE accumulation
up to a critical mass may prevent the condition from occurring in the first place.
Indeed, in chronic diabetes and in old age there is a gradual accummulation of AGE over
a period of years (Yong Ming Li et al., 1996; Brownlee, 1995)-. The complications.
10 associated with such mammals occur as the tissue burden of AGE increases over a
period of time. The increase in tissue burden of AGE over time could be prevented in
newly diagnosed patients by administering AGE breaker or inhibitor compounds
sufficiently early.  This method would prevent and/or delay- the development of
complications listed above in these patients.
15
AGE Inhibitors:

As shown in Table 3 , the compounds of the present invent-ion are also useful for
inhibiting AGE. '
20
Thus, can be used as a medicament in the treatment of d iabetic complications
and aging-related diseases caused by accumulation of AGE, as these compounds can
inhibit the formation of AGE. Furthermore, the compounds can in hibit accumulation of
AGE by inhibiting formation of AGE and they can be used as a medicament for
25 preventing the diseases such as diabetes and aging related com-plications caused by

accumulation of AGE.

Hence, the conditions listed bellow arising due to formmation of AGE can be
prevented or treated by the compounds of General formula (I) for two reasons: firstly due

30

to their AGE breaking activity and secondly due to their AGE infibiting activity. Infact,
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both the biological activities contribute to control the following desease condition s :

1. vascular and neuro-vascular complications,

!\)

nephrological disorder,

neurological d'isorder,

atherosclerosis;

retinal disorder,

dermatological disorder,
non-enzymatic browning of oral cavity,

endothelial or other organ dysfunction ,

© e N L AW

growth impairment,

10=. inflammatory disorder,

11 . immunological discorder,

12 . oxidative stress,

13 . aging and diabetic complication,

14 . alzheimer disease,

15 _ restenosis, abnormal tissue hindrance in peritoneal dialysis,
16 abnormal tissue hindrance in peritoneal dialysis and

17 erectile dysfunction.

Example 1D

Freee Radical Scavenging Activity:

This method measures the relative ability of free radical scavenging subs®ances
to scavenge the ABTS " i.e. 2,2-Azino-bis-(3-ethyl benzo thiazoline-6-sulfeonate)
radlical cation as compared to a standard amount of standard or free radical scavengers
antioxidants. Incubation of ABTS with Peroxidase (metmyoglobin) and hyd rogen
per-oxide results in the production of radical cation ABTS * . This species is blue- green
in ccolour and can be detected at 730nm. Antioxidants or free radical scavengers -in the
added sample that causes suppression of the color to a degree that is proportiomal to

thedr concentration.

Protocol:
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Preparation of Buffer solutions:
a. Phosphate Citrate Buffer (pH 5.0): 48.5rml of 0.1M citric acid with sufficient
0.2M disodium hydrogen phosphate to produce 100 mil.

b. Phosphate Buffer Saline (PBS): Dissolve 40.0g of NaCl, 1.0g of KCI, 1. 0g of
KH,PO4 and 3.05g of Na,HPO, in 1 litre milli-Q water. Dilute 200ml of above
solution to 1 litre with milli-Q water (pH 7.4--7.6).

Preparation of ABTS Stock solution (2mM):

1 tablet (10mg) was dissolved in phosphaste citrate buffer (pH 5.0) to give a
2mM solution.

Preparation of Horse Radish Peroxidase vworking solution:

0.1 mg was dissolved in 10ml of phosphat-e buffer saline,1ml of this solution
was diluted to 100m] with PBS.

Preparation of Hydrogen Peroxide (1.08m_M) solution:
12l of Hydrogen Peroxide (30%w/v) was di_luted to 100ml with PBS.

Preparation of Drug solutions:
0.1mM of stock solution of the drug was prespared which was serially diluted in
PBS to get 0.05mM, 0.025mM and 0.0125mIM solutions.

Preparation of ABTS radical stock solutiom:

To 2ml of ABTS stock solution, 1ml of horseradish Peroxidase working solution
was added.

As soon as 2 ml of Hydrogen peroxide soluti=on was added to the above solution,
blue-green colour of the ABTS radicals appeaared. This solution was incubated at
30°C for 30 min in order to ensure the compl etion reaction. Make up the volume
to 10m] with PBS.

Preparation of Control solution:
900u1 of ABTS radical stock solution were added to an eppendorf tube. To it
were added 100p1 of PBS solution.

Preparation of Test solution:
900pl of ABTS radical stock solutions were added to different eppendorf tubes.
To it were added 100l of various concentrati«ons. of drug solution.

Measurement of absorbance (Q.D):
The absorbance of control and test samples w-as recorded immediately at 730nm
taking PBS as blank.

Calculation:
The percent antioxidant activity was calculated according to the formula:

'h
—
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% Antioxidant activity = 100-[O.D of test sample/O.D of control x 2100]
5 The results are tabulated in Table 4 below.

Table 4

ompound No.| Relative Free Radical Scavenging
Activity (%)
on ABTS

12.5pM  25.0uM  [50.0uM }100.0pM
Compound 6 [21.99 40.56 61.68 81.04
Compound 8 [22.22 38.18 67.14 99.71
Compound 10 41.01 72.97 85.75 7.04
Compound 11 [26.78 ﬂ5'74 70.61 86.46
Compound 12 [22.34 40.97 71.47 84.62
Compound 13 [23.58 41.78 64.01 82.54
Compound 17 [28.34 54.43 83.56 94.81
Compound 18 [28.65 53.8 84.41 95.32
Compound 19 [8.37 19.42 37.62 55.18
Compound 20 (6.15 9.06 34.31 57.75
Compound 22 {22.52 29.52 30.31 31.40
.Compound 24 43.66 74.64 83.24 90.12
Compound 26 121.18 34.22 41.66 75.27
Compound 27 [16.16 27.12 39.05 51.04
Compound 29 31.82 46.84 58.84 55.22
Compound 34 (13.2 19.08 26.39 29.40
Compound 35 [28.27 39.78 58.34 74.36
Compound 37 [21.79 37.92 41.95 39.46
ICompound 38 [27.70 44.78 61.98 66.92

]

It is thus found that the compounds of general formula (1) as defined above are

10 «capable scavenging free radical, apart from inhibiting AGE and AGE breaker activ=ities.
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Discumssion of the test results on free radical scavaging activity:

() For Cosmetic.Application

Apart from the AGE breaking and free radical scavengings activity of the
compeounds of the invention their potential to inhibit AGE make them i deal for different

cosmestic applications as discussed above.

The compounds of present invention have thus demonstratesd capability of
breaking AGE cross links formed in proteins. The compounds also clemonstrated the
capability of quenching free radicals, which can cause irreversible darmage to proteins
nuclei<c acids, etc. The ability to reverse the formation of Advanced Glycation End
products (in skin support protein, like collagen and hair proteins like keratin) in
conjuraction with free radical quenching, carries with it significant i mplications and

make ®hem useful in cosmetic applications.

The compounds of present invention improves the aesthetic appearance of skin
by arressting the complications of skin at more than one crucial stage=s. It breaks the
preforrned Advanced Glycation End products (AGE) formed in skin’s =ssupport proteins
and d.elays intrinsic aging (C.Jeanmaire et.al., British Journal oef Dermatology
2001:1 45:10-18). The compounds of present invention also quenches the free radicals
generated by UV exposure, pollutants étc, in the skin thereby preve nts extrinsic or
photoa ging. The free radical quenching will also prevent the irrev-ersible damage
caused. to proteins and nucleic acid. Moreover, by virtue of free rad®ical quenching,
these ccompounds will reduce the load of free radicals generated by Per-formed AGE’s.
The reduction in oxidative stress will in turn reduce the formati on of reactive

interme=diates involved in Amadori Product formation.

The glycation of proteins is a universal phenomenon, well known at the skin
level. However, this phenomenon can also occur in other related parts swich as the nails

or the hair, particularly in the Keratin (EP1068864 Al and EP 1110539A 1).

th
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The glycation of the dermal proteiras, particularly the collagen, leads to adverse
cosmetic effects for e.g. consequences that damage the skin, the same consequences can
be expected as a result of glycation of proteins in skin related parts, such as the nails

5 and/or the hair, and in all the protein systercy.

The present invention discloses th-e molecules with ability to break the protein
cross linking. In addition, these molecules have shown to have free radical scavenging
(anti-oxidant) activity and thus useful in several disease conditions where oxidative stress

plays vital role in the pathogenesis besides their cosmetic applications as discussed above.

10 Thus, the compounds of the instant invention are effective for atleast one of the

following applications:

a) reversal and prevention of wrinkles,
- b) reversal and prevention of fine lines,
c) promotion of epidermal growth,

15 d) photo protection of skin,
e) reversal and prevention of skin discoloration,
) reversal and prevention of age spots,

2) conditioning and prevention of dry spot,

h) reversal and prevention of stretch maxks,
20 ) reversal and prevention of blemishes,

b)) skin care and conditioning,

k) reversal and prevention of senile xercesis,

D conditioning and prevention of sun bvams,

m)  preventing and feversing the loss of c ollagen,

25 n) improving skin texture,
0) imporving skin tone,
p)  enhancing of skin thickness,
q) decreasing pore size,
1) restoring skin luster,
30 s) minimising signs of fatigue,
t) reducing acne,
u) treatment of Telangiectasia and
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V) improving aesthetic appearance of hair and nails.

1) For Non-Cosmet'ic Application

Apart from the use of the compounds of General Formula. (I) for cosmetic
applicaations based on their AGE-breaking / AGE inhibiting and free-redical scavenging
activiti es, the latter activity of these compounds can be used for comtrol of oxidative

stress for effective management of conditions.

The test compounds listed in the table above exhibit inwitro free radical
scavengging (antioxidant) activity. Excessive production of free radicals reactive
oxidati-ve species (ROS) results in oxidative stress. Therefore, these molecules would be
very efffective in reducing oxidative stress by their ability to trap R«OS. Antioxidants
(free radicals scavengers) are reported to be effective in the manageement of various

disease s linked with oxidative stress selected from the group consisting of:

1) Neurodegenerative disorders
(a) Alzheimer’s Disease
(b) Parkinson’s Disease
(c) Huntington’s Disease
(d) Motor Neuron Disease

(e) Prion Disease
2) Diabetes and Diabetic Vascular Complications

3) Intestinal Diseases
(a) Intestinal Ischemia
(b) Radiation Enteritis
(c) Inflammatory Bowel Disease

(d) Gastric and Colorectal Cancers

4) Liver Diseases
(a) Alcoholic Liver Disease

(b) Chronic Hepatitis C

'h
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5) Cancers
(a) Lung Cancer
(b) Colorectal Cancer
5 (c) Cervical Cancer
(d) Breast Cancer

(e) Malignant Melanoma

6) Cardiac Diseases
10 (a) Atherosclerosis
(b) Myocardial Infarctiom
(c) Ischemic Stroke
(d) Endothelial dysfunction

15 ) Opthalmic Disorders
(a) Cataract formation

(b) Macular degeneratiora

8) HIV Disease
20
9) Respiratory Diseases
(a) Chronic Obstructive Pulmonary Diseases (COPD)
(b) Asthma

25 . 10)  Renal Diseases
(a) Glomerulonephritis
(b) Acute Renal failure

Preparation of the compounds of thae present invention

30
One possible non limiting rmethod for preparing compounds of the present

invention is given below :
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The «ompounds of the present invention can be prepared according te the following
steps . .

Step —~ | : Formation of 1,3 diketo compound

Step — 2 : Cyclization Reaction

Step — 3: Quaternization Reaction

The following examples give method of preparation of the speciific compounds

accor ding to the invention ak'; listed in Table 1 above.
Step — 1 : Formation of 1,3 diketo compound
Meth_od 1

1, 3 Diketo compound can be prepared by reacting unsubstituted / sulbstituted acetyl
pyridines with alkyl/aryl esters in a suitable base

4-(3,5-dimethyl-pyrazol-1-yl)-1-pyridin-3-yl-butane-1, 3-dione

To a suspension of potassium tertiary butoxide (16.5gm.0.147mole) ira dry THF i.e.
Tetrahydro furan (150ml) a mixture of 3-acetyl pyridine (18gm., 0.148muole) and ethyl-
3, 5-dimethyl pyrazolyl acetate diluted in THF (100ml) was added at 5-10 °C under
nitrog en atmosphere. Reaction mixture was then stirred at room tempewature. (30 °C)
for 6 hour. Then reaction mixture was poured into ice cold water with and py was
adjust ed to ~4.0 with acetic acid and extracted with ethyl acetate (4x250rnl). Combined
organiic layér was washed with saturated saturated aqueous sodium chJoride solution
and fimally organic layer was washed with water and dried over sodium sulphate. Ethyl
acetate was concentrated w/v at 50°C to yield crude product. Further -tiluration with
spatula in di ethyl ether yield a solid product. Separated solid was filteresd and dried to
yield required product. V

Yield: 12.0gm

TH NMIR (DMSO —d6 400 MHz) &:
8.95 (1H,s ), 8.75-8.73 ( 1H,d ), 8.11-8.08 (1H,m ), 7.42-7.39 ( 1H,m),5.95( 1Hs
).5.78€ 1H.5 ).4.89( 2H.5 ).2.28( 3H.5 ).2.19( 3H.5).
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MASS (m/z): 258,259

IR (KBr em'): 2924,1621,1557,1455

- Method 2

Alternatively, 1,3 Diketo compound can be prepareed by reacting unsubstituted /
substituted aryl esters with unsubstituted / substituted zaryl methyl ketone in a suitable

base

Preparation of 1-Phenyl-3-quinoline-3-yl-propane-1, 3-dione

A solution of ethyl-3-quinolinatc;, (0.50gm, 0.0025moEe) and acetophenone (0.30gm,
0.0025mole) was added to an ice-cold suspension of pot-assium tertiary butoxide in THF
(5.0ml). The reaction mixture was stirred at room tem-p. for 2 hours, acidified with a
dilute acetic acid (10%).The resulting solid was filter-ed, air dried and recrystallised

from boiling ethyl acetate to yield the desired product as a pale yellow colour solid.

Yield: 0.20gm.

THNMR (DMSO-ds400MHz) 5:
9.58 (1H,5), 9.23 (1H,s), 8.25 - 8.13 (4H, m), 7.94 (1H, t), 7.77 - 7.62 (S(H, m)
9

MASS (m/z): 272

Step - 2 : Cyclization Reaction

3-[3{(3,5-dimethyl pyrazol ~1-yl methyl)-1-phenyl} pymrazol-5-yl] pyridine

To a stirred cold solution of 4-(3,5-dimethyl-pyrazol-1~yl)-1-pyridin-3-yl-butane-1, 3-
dione (0.8gm.,0.003mole) in methanol(30ml) phenyl h ydrazine(0.6gm.,0.005mole) in
methanol (10ml) was added slowly. Reaction mixture was stirred at room temperature
(30°C) For 3 hours and this was concentrated under redtice pressure to yield crude oily
product. The crude product was purified over silica gZel column using ethylacetate:

hexane (1:1) as an eluent to afford the required product ass yellow colour solid.

th
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Yield :0.6gm.

'H NMR (DMSO-d6, 400MH?z) &: .
8.52-8.50(1H,d), [42(1H,s), 7.59-7.56(1H,m), 7.45-7.34(4H,m), 7.28-7.26(2H,m),
6.57(1H,s), 5.83(1H,s), 5.23(2H,5), 2.31(3H,s), 2.09(3H,5).

MASS (m/z): 330,331,332
3-[3-(3,5-dimethyl—pyrazol-1-yl-methyl) pyrazole-5-yl] pyridine

To a stired cold solution of 4-(3,5-dimethyl-pyrazol-1-yl)-1-pyridin-3-yl—
butane-1, 3-dione (2.5gm.,0.0097mole)in methanol(70ml) Hydrazine hydrates
(3.0m1,0.06mole) vvas added slowly. Reaction mixture was stirred at room temperatures
(30°C) for 3 hourss and concentrated under reduced pressure to get an oily material_
Chilled water was added and reaction mixture scratched with spatula yielded é solid.

Seperated solid wass filtered and recrystallised with methanol to yield a desire product.

Yield: 1.35gm.

'"H NMR (DMSO- d6 400MHz) 5: ,
8.98-8.95(1H,d), 8.50-8.48(1H,d), 8.11(1H,s), 7.45-7.40(1H,d), 6.66-6.61(1H,d),
5.81(1H,s), 5.21-5. 14(2H,d), 2.28(3H,s), 2.07(3H,s).

MASS (m/z): 254,255

3-[3-{(3,5-dimethy-l-pyrazol-1-yl methyl)-1-cyclohexyl} pyrazole-5-yl] pyridine

To a cold solution of trifluoroacetic acid (22.2gm.,0.20mole),1-(t-butoxy-
carbonyl) cyclohexyl hydrazine(5.0gm.,0.0236mole) was added and stirred at room
temperature (3000) for 30 minutes. Reaction mixture was concentrated under reduced.
pressure to yield a. crude oily product. Water (10ml) was added to crude product and
neutralized with saturated solution of sodium bicarbonate. The neutralized solution was
extracted with ethsg/lacetate (3x75ml). Combined organic layer was dried over sodium.

sulphate and concemtrated under vacuum to yield a crude oily product (2.50gm.)

Further oily product (2.50gm.,0.022mole) dissolved in methanol(10ml)was
added slowly to a solution of 4-(3,5-dimethyl-pyrazol-1-yl)-1-pyridin-3-yl-butane-1,3~
dione(2.0gm.,0.0078mole)in methanol(20ml). Reaction mixture was stirred at room.
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temperature (30°c) for 7 hours after that concentrated under redeiced pressure to yield a
brown colour oily product. Purification of crude product wa s done over silica gel
column chromatography using 25%ethylacetate in hexane as eluent to afford the

required product as white solid.

Yield: 0.96gm.

'H NMR (DMSO-dg 400MHz) §:

8.65-8.63(1H,m), 7.85-7.82(1H,m), 7.54-7.51(1H,m), 6.15(1H,s) 5 5.8(1H,s), 5.13(2H,s),
3.98(1H,m), 227(3H,s), 2.07(3H,s), 1.91-1.854H,m), 1.78-1.75(2H,m), 1.62-
1.559(1H,m),

1.27-1.16(3H,m)

- MASS (m/z): 336,337,338

Synthesis of 3-[3-(phenylmethyl)-isoxazol-5-yl]-pyridine

A mixture of phenylnicotinoyl acetone 0.500g (0.0021 xhol), isopropyl alcohol (5ml)
and h};aroxylamine free base (in 7ml methanol) was stirred at reoom temperature for 3
days (72 hrs.). The reaction mixture was concentrated to drsmess and purified by
column chromatography using a mixture of ethylacetate and. hexanes (3:1). The
purified compound (oxime) was dissolved in IPA (10 ml) and to it was added 2 N HCl
(4 drops). The reaction mixture was refluxed for 8 hrs. The reaction mixture is finally

concentrated to dryness to yield the desired compound as a pale ye=llow solid:

Yield: 0.216gm.

'"H NMR (CDCl, 400MHz) §:

9.01 (1H, s), 8.69 (1H, d), 8.20 (1H, d), 7.56 (m, 1H), 7.36 - 7.30 (m, 5H), 6.46 (1H, s),
4.11 (2H, 5)

MASS (m/z): 237 (M* + 1)

Step - 3: Quaternization Reaction

Quaternization of the substituted pyridine can be done with = quaternizing reagent
in an alcoholic and/or high boiling solvent under reflux for 6 - 48 hrs. to give the

desired compound if required.

60
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1-(2-Thien-2’-yl-2-oxoethyl)-3.-[3-{1-(3 »5-dimethylpyrazol-1-yl) methyl} pyrazol-5-
yl] pyridinium bromide. (Compound 4) ‘

To a suspension of 3-[3-(3,5 ~dimethyl-pyrazol-1-yl-methyl) pyrazole-5-yl]
pyridine (0.5gm.,0.002mole)in JPA(35ml)a-bromo 2-acetyl thiophene
(0.46gm.,0.0026mole) was added. Reaction mixture was refluxed for 6 hours. Further
cool to room temperature (30°C).The solid separated was filtered and recrystallised
using methanol and ethylacetate mixtur-e to yield the required compound as a white

solid.

Yield :0.51gm.

'HNMR (DMSO-ds, 400 MHz) 5:

13.66(1H,s), 9.49(1H,s), 9.03-9.01(1H,d), 8.89-8.88(1H,d), 8.26-8.21(3H,m), 7.43-
7A1(1H,t), 6.77(1H,s), 6.39(2H,s), 5.84(RH,s), 5.27(2H,5), 2.27(3H,s), 2.08(3H,s),
MASS (mvz): 378,379,380

IR (KBr, cm™): 1676,1638,1591

The compounds of the invention as identified by their physio chemical data
given in example 3 — 57 below have been prepared by following the above synthetic

method.

Example 3 .
1-(2-Thien-2’-yl-2-oxoethyl)-3-[(3-pheny/] methyl)  pyrazol-5-yl]  pyridinium
bromide.

(Compound 1)

Yield: 51 %

IR (KBr, cm™): 1656,1637,1572

'H NMR (DMSO-dg, 400 MHz)5:

13.44(1H,s), 9.46(1H,s), 8.98(1H,d), 8.86(1H,d), 8.24 (GHm), 7.41(1H,t), 7.34-
7.30(5H,m), 6.69(1H,s), 6.38(2H,s), 4.06(2H,s)
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MASS (mrz): 360,361,362,363
Example 4

l-(2-Thien:~2’-yl—2-oxoethyl)—3-[(5-phen);l methyl) oxazol-3-yl pyridinium bbromide
(Compoune=d 2)

Yield: 369G

IR (KBr, crn): 1747, 1671, 1456

'THNMR (IDMSO0-dg, 400MHz) 8: 9.65 (1H, s), 9.12 - 9.08 (2H, m) 8.39 (1H, t) 8.26 —
8.23 (2H, m), 7.42 (1H, m) 7.38 0 7.33 (5H, m), 7.23 (1H, s) 6.40 (2H, s), 4.15 (2H, s)
MASS (m/=2): 361, 362, 363

Example 5

1-(2-thien-22’-yl-2-oxoethyl)-3-[3-{1-(2-thien-2’-yl)-2-0xoethyl pyridiniumm-4-thio}
methyl-pyr—azol-5-yl ] pyridinium dibromide.

(Compounad 3)

Yield: 71%

IR (KBr, cmm™) 1666, 1500, 1451

'H NMR (. DMSO-d, 400 MHz) &: 13.81(1H,s), 9.54(1H,s), 9.03-9.01(1H_d), 8.93-
891(1H,d), 871-8.69(2Hd), 8.30-8.13(7Hm), 7.44-7.39(2H,m), 7.09(1H,s),
6.42(2H,s), 6.21(2H,s), 4.84(2H,s)

MASS (m/z): 517,518,519,520

Example 6
1-(2~Thien—$.."-yl-2-oxoethyi)—3-[{3-phenylmethyl}-l-{Z-pyridyl}-pyrazol—S—y] ]-
pyridinium bromide,

(Compound 5)

Yield: 22% ,

IR (KBr, crm™): 1671,1585,1550

'H NMR (ID®MSO-dg, 400 MHz) 5:

9.24(1H,s), B.96-8.95(1H,d), 8.24-8.21(2H,m), 8.19-8.18(1H,d), 8.15-8.14(1H, d), 8.07-
8.02(1H,m),  7.97-7.95(1H,d), 7.41-7.31(6H,m), 7.25-7.22(1H,m), 6.76(1H,s),
6.32(2H,s), =+.08(2H,s)

MASS (m/z)): 437,438,440
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Example 7

l-(2—Thicn-2’-yl—2-6xoethyl)—3-[3{(3,5-dimethylpyIazol—l-yl) methyl—l—(z-byridyl)}
pyrazol-5-yl] pyridinium bromide.

(Compound 6)

Yield: 31%

IR (KBr, cm™): 3418,3069,2929,1670,1507,1470

"H NMR (DMSO-d;, 400 MHz) 5:

9.25(1H,s), 8.97-8.95(1H,d), 8.61-8.59(1H,d), 8.24-8.16(4H,m), 8.09-8.05(1H,m), 7.94-
7.92(1H,d), 7.42-7.39(2H,m), 6.72(1H,s), 6.33(2H,s), 5.85(1H,s), 5.31(2H,s),
2.33(3H,s), 2.08(3H,s)

MASS (m/2): 455,456,457,458

Example 8

1-[2-(Cyclopropylamine)- 2-oxoethyl] 3-[3-{(3,5-dimethyl pyrazol-1-yl) methyl}-
pyrazol-5-yl]-pyridinium bromide.

(Compound 7)

Yield: 59% _

IR (KBr, cm™): 3373,3064,1667,1577

"H NMR (DMSO-d, 400 MHz) 5:

13.69(1H,s), 9.41(1H,s), 8.95(1H,d), 8.55(1H,d), 8 .54(1H,d), 8.16(1H,t), 6.80(1H,s),
5.84(1H,s), 5.39(2H,s), 5.26(2H,s), 3.89-3.82(]H,m), 2.27(3H,s), 2.08(3H,s),
1.12(4H,d) '

MASS (mv/z): 353,354,355

Example 9

1-{2;(4—Nitro-2-thienyl)-2-oxoethyl}-3-[3 {(3,5-dimethylpyrazol-1-yl) .  methyl}-
pyrazol-5-yl]- pyridinium bromide.

(Compound 8)

Yield: 24%

IR (KBr, cm™):
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"H NMR (DMSO-dg, 400 MHz) 5:
13.70 (1H, 5), 9.47 (1H,5), 9.30 (1H,s) ,9.03 (1H,d), 8.87-8.85 (2H, m), 8.26 (1H,5), 6.77
(1H,5), 6.42 (2H,5), 5.84 (1H,s), 5.27 (2H,5) 2.27 (3H,5), 2.07 (3H,s),

MASS (m/z): 423,424

Example 10 '
1-(2-Cyclopropylamino-2-oxoethyl)- 3-[(3-phenylmethyl) pyrazol-5-yl] pyridinium
chloride.

(Compound 9)

Yield: 36%

IR (KBr, cm™): 3653,3436,3061,1674,1567,1479

"H NMR (DMSO-dg, 400 MHz) 3:

13.46(1H,s), 9.37(1H,s), 8.93(1H,d), 8.82(1H,d), 8.72-8.71(1H,d), 8.19-8.14(1H.t),
7.36-7.23(SH,m), 6.72(1H,s), 5.38(2H,s), 4.06QQH,s), 2.71-2.66(1H,m), 0.70-
0.66(2H,m), 0.50-0.46(2H,m)

MASS (m/z): 333,334,335

Example 11

3,5-Bis- [1-(2-thien-2’-yl-2-oxoethyl)—pyridinium-3-yl}-pyrazole dibromide.
(Compound 10)

Yield: 34%

IR (KBr, cm™): 3425 3088,2927,1673,1505,1407.

'H NMR (DMSO-dg, 400 MHz) &:

9.66(2H,s), 9.09-9.02(4H,m), 8.41€2H,bs), 8.27-8.26(4H,m), 7.66(1H,s), 7.45-
7.43(2H,t), 6.47(4H,s)

MASS (m/z): 471,472,473,474

-Example 12

1-(2-Thien-2’-yl-2-oxo0ethyl)-3-[(1-ph enyl-3-phenylmethyl) pyrazol-5-yl]-
pyridinium chloride.

(Compound 11)
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Yield: 42%

IR (KBr, em™): 3302,3029,1672,1503.

'H NMR (DMSO-d, 400 MHz) &:

9.20(1H,s), 8.94-8.93(1H,d), 8.24-8.20(3H,m), 8.16-8.13(1H,m), 7.50-7.31(10H,m),
7.25-7.23(1H,,m), 6.73(1H,s), 6.32(2H,s), 4.06(2H,s)

MASS (m/z): 436,437,438,439,440

Example 13

1-(2-(5-Methwl-2-Thienyl)-2-oxoethyl)-3-[(3-phenylmethyl) pyrazol-5-yl]
pyridinium chloride.

(Compound 1.2)

Yield: 44%

IR (KBr, cm™): 3745,1654,1518,1455.

'H NMR (DMESO-ds, 400 MHZ) §:

13.52(1H,s), 9.48(1H,s), 8.99-8.97(1H,d), 8.90-8.88(1H,d), 8.24-8.21(1H,t), 8.04-
8.03(1H.d), 7.35-7.22(5H,m), 7.14-7.13(1H,d), 6.70(1H,s), 6.36(2H,s), 4.07(2H,s),
2.59(3H,s)

MASS (m/z): 374,375,376,377

Example 14

1-(2~Thien—2’——yl-i—oxoethyl)-3—[l-pheny], 3-{(3,5-dimethylpyrazol-1-yl) methyl)}
pyrazol-5-yl}-pyridininm chloride

(Compound 13)

Yield: 27%

IR (KBr, cm™):

'H NMR (DM SO-dg, 400 MHz) 5:

9.22(1H,s), 8-95-8.93(1H,d), 8.25-8.21(3H,m), 8.16-8.12(1H,m), 7.64-7.60(1H,m),
7.50-7.46(2H,mn), 7.42-7.36(3H,m), 6.71(1H,s), 6.33(2H,s), 5.84(1H.s), 5.28(2H,s),
2.29(3H,s), 2.0 8(3H,s) '

MASS (mn/z): <354,455,456,457,458.

=]
'



WO 02/085897 PCT/IB02/01137

10

15

20

25

30

Examplel5

1-(2-Phenyl-2-oxoethyl)-3-[(3-phenylmethyl) pyraiol—S-yl]- pyridini um bromide.
(Compound 14)

Yield: 14%

IR (KBr, cm™): 3746,3099,1691,1518.

'H NMR (DMSO-dg, 400 MHz) 5:

13.44(1H,s), 9.45(1H,s), 9.01-8.99(1H,d), 8.85-8.84(1H,d), 8.26-&.23(1H,t), 8.07-
8.06(2H,d), 7.82-7.78(1H,t), 7.69-7.65(2H,t), 7.36-7.21(5H,m), 6.68(1 H,s), 6.45(2H,s),
4.07(2H,s)

MASS (m/z): 354,355

Examplel6

1-(2-Cyclopropylamino- 2-oxoethyl) 3-[(1-phenyl}-3-phenylmethyl) pyrazol-5-yl]-
pyridinium chloride.

(Compound 15)

Yield: 7%

IR (KBr, cm™): 3395,3026,1689,1503.

'H NMR (DMSO-ds, 400 MHz) 5: .

9.15(1H,s), 8.86(1H,s), 8.71(1H,s), 8.14-8.05(2H,m), 7.44-7.23(10H_m), 6.74(1H,s),
5.31(2H,s), 4.05(2H.s), 2.66(1H,s), 0.68-0.67(2H,s), 0.46(2H,s). |
MASS (m/z): 409,410,411,412

Examplel7

1-(2-(4-Benzyl-1-piperidinyl)- 2-oxoethyl) 3-[(3-phenoxymethy}l) pyrazol-5-yl]-
pyridinium bromide.

(Compound 16)

Yield:

IR (KBr, em™): 3060,1656,1594

'"H NMR (DMSO-dg, 400 MHz) §:

13.84(1H,s), 9.45(1H,s), 8.98(1H,d), 8.83(1H,d), 8.21(1H,t), 7.35-7.27(4H,m), 7.23-
7.19(3H,m), 7.09-7.04(3H,m), 6.98(1H,t), 5.83-5.73 (2H,m), 5.21(2H.,s), 4.29(1H,d),
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3.75(1H,d), 3.17-3.001H,m), 2.69-2.63(1H,m1), 2.56(2H,d), 1.99-1.84(1Hm), 1.72-
1.60(2H,m), 1.36-1.28(1H,m), 1.10-1.04(1H,mm)

"MASS (m/z): 467,468,469

Example 18

1-(2-Phenyl-2-oxoethyl)-3-[(3-(3,5-dimethylpsyrazol-1-yl) methyl) pyrazol-5-yl]-
pyridinium chloride.

(Compound 17)

Yield: 24%

IR (KBr, cm™); 3049,2994,1692,1552.

'H NMR (DMSO-dg, 400 MHz) &:

13.76(1H,s), 9.50(1H,s), 9.03-9.02(1H,d), 8.90-8.88(1H,d), 8.26(1H,bs), 8.08-
8.06(2H,d), 7.81-7.78(1H,m), 7.68-7.65(2H,mn), 6.75(1H,s), 6.49(2H,s), 5.83(1H,s),
5.26(2H,s), 2.26(3H,s), 2.06(3Hs). ‘

MASS (m/z): 372,373,374.

Example 19

1-(2-(5-Methyl-2-thienyl)-2-oxoethyl)-3-[(3,-(3,5-dimethyl ' pyrazol-1-yl
Jmethyl)pyrazol-5-yl} pyridinium chloride.. '

(Compound 18)

Yield: 34%

IR (KBr, ecm™): 3322,2923,1659,1552.

"THNMR (DMSO-dg, 400 MHz) 5:

13.71(1H,s), 9.48(1H,s), 9.01-8.99(1H,d), 8.89-8.87(1H,d), 8.23(1H,bs), 8.04-
8.03(1H,d), 7.13(1H,s), 6.76(1H,s), 6.33(2H,:s), 5.83(1H,s), 5.26(2H,s), 2.58(3H,s),
2.26(3H,s), 2.07(3H,s) |

MASS (m/z): 392,393,394,395

Example 20

1-(2-Phenyl-2-oxoethyl)-3-[(1-phenyl-3-pheny-lmethyl) pyrazol-5-yl] pyridinium

chloride.
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(Compound 19)

Yield: 63%

IR (KBr, cm™): 3351,3235,30300,1694,1504.

'H NMR (DMSO-dg, 400 MHz) &:

9.17(1H,s), 8.93-8.91(1H,d), 8.25-8.23(1H,d), 8.17-8.14(1H,t), 8.06-8.04(2H,d), 7.81-
T78(1H,Y), 7.68-7.64(2H,t), 7.<49-7.44(3H,m), 7.38-7.30(6H,m), 7.24-7.20(1H,m),
6.72(1H,5), 6.40(2H,s), 4.05(2H,s)).

MASS (m/z): 430,431,432

3

Example 21

1-(2-(5-Methyl-2-thienyl)-2-oxoe thyl)-3-[(3(2-cyclohexyl ethyD)pyrazol-5-yl]
pyridinium chloride..

(Compound 20)

Yield: 30%

IR (KBr, cm™): 3072,2920,1658, 1519,1450.

'H NMR (DMSO-ds, 400 MIlz) S:

13.33(1H,s), 9.52(1H,s), 8.99-8_97(1H,d), 8.92-8.90(1H,d), 8.26-8.22(1H,t), 8.06-
8.05(1H,d), 7.14(1H,s), 6.76(1HL,s), 6.40(2H,s), 2.71-2.67(2H,t), 2.59(3H,s), 1.75-
1.63(5H,m), 1.57-1.52(2H,q), 1.24--1.16(4H,m), 0.95-0.90(2H,m).

MASS (m/z): 394,395,396

Example 22

1-(2-Cyclopropylamino-2-oxoeth yl)-3-[(3-(2-cyclohexylethyl) pyrazol-5-yl]
pyridinium chloride.

(Compound 21)

Yield: 39% o

IR (KBr, cm™): 3174,2923,1682, 1548.

'"H NMR (DMSO-dg, 400 MHz) &:

13.25(1H,s), 9.40(1H,s), 8.94-8.91(1H,d), 8.85-8.84(1H,d), 8.60-8.58(1H,d), 8.18-
8.15(1H,m), 6.79(1H,s), 5.43(2H,s), 3.90-3.85(1H,m), 2.71-2.672H,t), 1.75-
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1.63(SH,m), 1.58-1.52(2H,q), 1.24-1.12(8H,m), 0.96-0.88(2H,m)

MASS (m/z): 355,356,357.

Exam_ple 23 '

1-(2-P‘henyl—Z-oxoethyl)—S-[(3—(2-c$'clohexylethyl) pyrazol—s-yl] pyridinium
chlori de.

(Compound 22)

Yield= 65%

IR (K Br, em™): 3059,2924,1698,1519.

" 'H NDwAR (DMSO-dg, 400 MHz) 3:

13.26C1H,s), 9.49(1H,s), 9.00-8.98(1H,d), 8.88-8.86(1H,d), 8.28-8.24(1H,m), 8.09-
8.07(2 H,d), 7.83-7.79(1H,t), 7.70-7.66(2H,t), 6.75(1H,s), 6.50(2H,s), 2.69(2H, ), 1.75-
1.61(5 H,m), 1.58-1.52(2H,q), 1.27-1.08(4H,m), 0.96-0.88(2H,m).

MASS (m/z): 374,375,376

Exampple 24

1-(2-Cyclopropylamino-2-oxoethyl)-3-[(1-cyclohexyl-3-phenylmethyl) pyrazol-5-yl]
pyridi nium chloride.

(Compound 23)

Yield: 9%

IR (KBBr, cm™): 3165,2994,1662,1500,1452.

'H NMIR (DMSO-dg, 400 MHz) §:

9.11(1H,s), 9.01-9.00(1H,d), 8.69-8.67(1H,d), 8.60-8.58(1H,d), 8.27-8.24(1H,m), 7.33-
7.29(4XH,m), 7.22-7.19(1H,m), 6.38(1H,s), 5.42 (2H,s), 4.08-4.02(1H,m), 3.96(2H,s),
3.91-3_85(1H,m), 1.89(4H,bs), 1.78-1.75(2H,d), 1.64-1.61(1H,d), 1.41(2H,bs), 1.21-
1.16(1 Hm), 1.13-1.12(4H,d)

MASS (m/z): 417,418,419

Examypple 25

1-(2-T hien-2’-y}-2-oxoethyl)-3-[(3-phenoxymethyl) pyrazol-5-yl] pyridinium
chloridle.

(Compound 24)
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Yield: 18%
IR (KBr, cm™): 3060,2957,1665,1595,1491.

" 'H NMR (DMSO-dg, 400 MHz) 5:

13.82(1H,5), 9.55(1H,s), 9.06-9.04(1H,d), 8.93-8.91(1H,d), 8.30-8.22(3H,m), 7.44-
7.43(1H,m), 7.35-731(2Hm), 7.08-7.053Hm), 7.01-6.97(1Hm), 643(2Hs),
5.22(2H.5)

MASS (m/z): 376,377,378

Example 26

1-{2-(1-Adamantylamino-2-oxoethyl)}-3-[(3-phenylmethyl) pyrazol-5-yl]
pyridinium chloride.

{Compound 25)

Yield: 27%

IR (KBr, cm™): 3060,2908,1679,1554.

"H NMR (DMSO-ds, 400 MHz) 5:

13.45(1H,s), 9.35(1H,s), 8.91(1H,d), 8.80(1H,d), 8.20(1H,s), 8 -14(1H,1),
7.35-7.31(511,m), 6.74(1H,s), 5.36(2H,s), 4.07(2H,s), 2.02-1.95(9H,m), 1.62(6H,s)
MASS (mv/z): 427,428,429

Example 27
1-(2-Phenyl-2-oxoethyl)-3-[{3-(3,5-dimethylpyrazol-1-yl)me€hyl)} 1-phenyl-
pyrazol-5-yl] pyridinium bromide.

(Compound 26)

Yield: 47%

IR (KBr, em™): 3410,3035,2943,1693,1500.

'"H NMR (DMSO-d¢, 400 MHz) §:

9.19(1H,s), 8.93-8.91(1H,d), 8.25-8.23(1H.,d), 8.18-8.14(1H,m)), 8.07-8.05(2H,m), 7.82-
7.79(1H,m), 7.69-7.64(2H,m), 7:53-7.47(3H,m), 7.40-7 .37(2H,m), - 6.71(1H,s),
6.40(2H,s), 5.84-5.83(1H,s), 5.28(2H.,s), 2.29(3H,s), 2.08(3H,s)D)

MASS (m/z): 448,449

Example 28
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1-(2-(4-nitro-2-thiemyl)-2-oxoethyl)-3-[(1-cyclohexyl-3-(3,5-dimethylpyrazol-1-yl)-
methyl) pyrazol-5-y 1] pyridinium bromide.

(Compound 27) .

Yield: 56%

IR (KBr, em™): 3421,3032,2935,1688,1541.

'H NMR (DMSO-dg, 400 MHz) 5:

9.30(1H,d), 9.14(1H,s), 9.04-9.02(1H.d), 8.87-8.86(1H,d), 8.79-8.77(1H,d), 8.38-
8.35(1H,m), 6.46(2H,s), 6.36(1H,s), 5.82(1H,s), 5.18(2H,s), 4.15-4.10(1H,m),
225(3H,s), 2.07(3H.,s), 1.90-1.84(4H,m), 1.81-1.77(2H,d), 1.66-1.63(1H,d), 1.38-
1.19(3H,m).

MASS (mw/z): 505,50 6,507

Example 29
1-(2-(4-Nitro-2-thiemyl)-2-oxoethyl)-3[(3-(2-cyclohexylethyl)pyrazol-5-yl]

pyridinium bromide.

" (Compound 28)

Yield: 48%

IR (KBr, cm™): 3078,3005,1695,1541,1339

"H NMR (DMSO-ds., 400 MHzZ) 5:

13.24(1H,s), 9.48(1 H,s), 9.30(1H,s), 9.0(1H,d), 8.87-8.84(2H,m), 8.27(1H.,¢),
6.76(1H,s), 6.46(2FLs), 2.69Q2H,t), 1.99-1.61(5H,m), 1.58-1.52(2H,q), 1.26-
1.12(4H,m), 0.96-0.8 7(2H,m) i

MASS (m/z): 425

Example 30

1-(2-Thien-2’-yl-2-oxcethyl)-3-[(1-pheny}-3-phenoxymethyl) pyrazol-5-yl]
pyridinium chloride.

(Compound 29)

Yield: 16%

IR (KBr, em™): 33473022,2906,1682,1503

'H NMR (DMSO-ds, 400 MHz) :
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93(1Hs), 9.0(1Hs), 829-8.24(Hm), 7.6-73(8Hm), 7.0(3Hs), 6.97(1H,s),
6.38(2H,5), 5.2(2H,5)
MASS (m/z): 452,453 454

“Example 31

Il-(2—(4—Nitro~2—thienyl)-i-oxoethyl)%-[(1-phenyl—3—phenylmethyl) pyrazol-5-yl]
wpyridinium bromide

qCompound 30)

Yield: 23%

HR (KBr, em™): 3092,3003,2932,1687,1509

3 NMR (DMSO-dg, 400 MHz) 5:

9.298(1H,s), 9.16(1H,s), 8.917(1H,d), 8.85-8.84(1H,m), 8.54(1H,d)-, 8.17-8.14(1H,m),
77.50-7.45(3H,m), 7.39-7.31(6H,m), 7.25-7.22(1H,m), 6.7(1H,s), 6.35 7(2H,s), 4.0(2H,s)
TVIASS (m/z): 481,482 ’

EExample 32

M -(2-Cyclopropylamino-2-oxoethyl)-3-[(3-phenoxymethyl) pyrazol-5-yl]
pyridinium chloride.

(Compound 31)

Yield: 34%

IR (KBr, cm™): 3647,3420,3227,2958,1675

I f NMR (DMSO-dg, 400 MHz) 5:

13.82(1H,s), 9.46(1H,s), 8.98(1H,s), 8.87(1H,d), 8.77(1H,m) (1MH,d), 8.207(1H,t),>
7.332H,Y, 7.1(1H,s), 7.059(2H,d), 6.98(1H,t), 5.4(2H,s), 5.21(2H,s), 2.7-24.68(1H,m),
0.715-0.685(2H,m), 0.55-0.50(2H,m)

MASS (m/z): 349,350,351

Example 33

1 -(2-Cyclopropylamino-2-oxoethyl)-3-[(1-cyclohexyl-3-(3,5-dimetimyl pyrazol-1-
y1)methyl) pyrazole-5-yl] pyridinium chloride

( Compound 32)

Yield: 41%
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IR (KBr, em™): 3425,3174,2938,1658,1500

'"H NMR (DMSO-d;, 400 MHz) &:

9.1(1H,s), 9.02(1H,d), 8.88(1H,d), 8.86(1H,Q), 8.273(1H,(), 6.36-6.34(1H,s), 5.8(1H,s),
5.4(2H,s), 5.18(2H,s), 4.13-4.079(1H,m), 2.7-2.68(1H,m), 2.26(3H,s), 2.074(3H.s),
1.99-1.75(6H,m), 1.64-1.61(1H,m), 134-1312Hm), 124-1.17(1Hm), 0.70-
0.69(2H,m), 0.50-0.49(2H,m)

MASS (m/z): 433,434,435

Example 34
1-(2-(5-Chloro-2-thienyl)-2-oxoethyl)-3-[(3—phenoxymethyl) pyrazol-5-yl]

pyridinium bromide.

(Compound 33)

Yield: 74%

IR (KBr, cm™): 2853,2682,1674,1594

"H NMR (DMSO-dg, 400 MHz) &:

13.8(1H,s),9.53(1H,s), 9.03(1H,d), 8.89(1H,dl), 8.3-8.26(1H,m), 8.16(1H,d), 7.5(1H,d),
7.33(2H,t), 7.08(3H,t), 6.98(1H,1), 6.38(2H,s).. 5.2(2H,s)

MASS (m/z): 410,412,413

Example 35

1-(2-Phenyl-2-oxoethyl)-3-[(1-phenyl-3-pherioxymethyl) pyrazol-5-yl] pyridinium
chloride '

{(Compound 34)

Yield: 25%

IR (KBr, cm™): 3020,2905.1701.1634.1595

'H NMR (DMSO-dg, 400 MHz) &:

9.23(1H,s), 8.96(1H,d), 8.33(1H,d), 8.21(1ELt), 8.07(2H,d), 7.81(1H,t), 7.68(2H,t),
7.51-7.50(3H,m), 7.412H,d), 7.32(2H,t), 7.08-7.06(3H,m), 6.97(1H,t), 6.42(2H,s),
5.21(2ZH,s)

MASS (m/z): 446,447
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Example 36
1-(2-Thien-2°-yl-2-oxoethyl)~3-{(1-cyclohexyl-3-(3,5-dimethylpyrazol-1-yl)
linethyl)pyrazol-s-yl] pyridimium chloride.

(Compound 35)

Yield: 26%

IR (KBr, cm™): 3422,2937,1678,1505,1251

"H NMR (DMSO-ds, 400 MEIz) &:

9.17(1H,s), 9.05(1H,d), 8-76(1H,d), 8.35(1H,¢), 8.25-8.24(2H,m), 7.42(1H,1),
6.41(2H,s), 6.36(1H,s), - 5.85(1H,s),  5.18(2H,$),4.13-4.10(0H,m),  2.25(3H,s),
2.06(3H,s), 1.99-1.86(4H,m). 1.83-1.76(2H,m), 1.66-1.63(1H,m), 1.35-1.25(2H,m),
1.22-1.16(1H,m)

MASS (m/z): 460,461,462

Example 37

1~(2-cyclopropylamino-2-oxoreyhyl)-3-[(1-phenyl-3-phenoxymethyl)  pyrazol-5-yl]
pyridinium bromide.

(Compound 36)

Yield: 5%

IR (KBr, em™): 3200,1682,1595

'H NMR (DMSO-dg, 400 MEXz) &:

9.29(1H,s),9.06(1H,s), 8.97C1H,d), 8.21(1H,d), 8.10(1H,t), 7.48(3H,s), 7.39-
7.18(SH,m), 7.14-7.072H,m), 6.97(1H,t), 5.43(2H,s), 5.20(2H,s), 2.68-2.62(1H,m),
0.70-0.62(2H,m), 0.50-0.44(2H,m).

MASS (m/z): 425,426,427

Example 38 '

1-(2-Thien-2’-yl-2-oxoethyl)-3-[(1-phenyl-3- (2-cyclohexylethyl) pyrazol-5-yl]
pyridinium bromide.

(Compound 37)

Yield: 31%

IR (KBr, cm™): 3423,3324,2922,1674,1506

"H NMR (DMSO-ds, 400 MEXz) §:
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9.25(1H,5), 8.90(1H,d), 827-823(3H,m), 8.19-8.15(1H,m), 7.49-7.41(4H,m),
735QH,d), 6.8(1Hs), 6.37(2H,s), 2.69(2Ht), 1.772H), 1.69-1.55(5H.m),
1.32(1H,m), 1.26-1.12(3H,m), 0.97-0.89(2H,rh). '

MASS (m/z): 456,457,458

Example 39

1-(2-Thien-2’-yl-2-oxoethyl)-3-[(1-cyclohexyi-3-phenoxymethy I) pyrazol-5-yli
pyridinium chloride. .
(Compound 38)

Yield: 18%

IR (KBr, cm™): 3396,2934,1670,1638,1594

'H NMR (DMSO-ds, 400 MHz) 5:

9.25(1H,s), O5.10(1H,d), 8.82(1H,), 8.39(1H,t), 8.26-8.25(2H,m), 7.43(1H.t),
7.30(2H,t), 7.042H,d), 6.95(1H,t), 6.75(1H,s), 6.46(2H,s), 5.092H,s), 4.20-
4.15(1H,m), 1.93-1.77(6H,m), 1.67(1H,d), 1.36—1.20(3H,m).

MASS (m/z): 458,459,460

Example 40 .

3-[(3-Phenylmethyl) pyrazol-5-yl] pyridine hydrochloride.

(Compeound 39)

Yield:73%

IR (KBr, cm™): 3056,1611,1559

'"H NMR (DMSO-dg, 400 MHz) &: .

9.18(1H,s), 8.73(2H,d), 7.93(1H,1), 7.35-7.22(5H,m), 6.77(1H,s), 4.04(2H,s)
MASS (m/z): 236,237

Example 41

3-[(3-Phenoxymethyl) pyrazol-5-yl} pyridine hydrochloride.
(Compound 40)

Yield: 65%

IR (KBr, em™): 3035,1601,1562

'"H NMR (DMSO-dg, 400 MH?Z) 3:
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925(1H;s), 8.77(2H,s), 7.97(1H,, 7.32(2H,0), 7.12(1H,s), 7.052H,d), 6.97(1H,1),
S.17(2H,s)
TVIASS (m/2): 252,253,254

Example 42

3-[(3,5-Dimethylpyrazol-1-yl-methyl) pyrazol-5-yl] pyridine.

CCompound 41)

Wield: 93%

MR (KBr, cm™): 3080,1559

TH NMR (DMSO-ds, 400 MHz) :

13.30(1H,bs), 8.96(1H,s), 8.45(1H,s), 8.11(1H,d), 7.43(1H,bs), 6.63(1H,s), 5.81(1H,s),
5.17(2H,s), 2.28(3H,s), 2.07(3H,5)

T™MIASS (m/z): 254,255,256

MExample 43

3-[3-(2-cyclohexylethyl)-pyrazol-5-yljpyridine

(Compound 42)

Wield: 76%

XR (KBr, cm'l):

LH NMR (DMSO-ds, 400 MHz) &:

X273(1H,s), 8.98(1H,s), 8.46(1H,s), 8.11(1H,d), 7.46-7.38(1 Hd), 6.57(1H,s),
2.63(2H,t), 1.75-1.60(5H,m), 1.56-1.50(2H,m), 1.25-1.08(4H,m), 0.9 5-0.87(2H,m).
IMASS (m/z): 256,257,258.

Example 44

X -(2-Napthyl-2-oxo ethyl)-3[(3-phenoxymethyl)pyrazol-5-yl]pyrid_inium bromide
(Compound 43)
Yield: 30%

LR (KBr, cm™): 3417, 2340, 1638, 1536, 1144
YNMR (DMSO-d6, 400 MHz)&: 13.8 (1H, s), 9.58 (1H, s), 9.08-9.06 (1H,d), 8.95-
893 (1H, d), 8.85 (1H, s), 8.32 (1H, 1), 8.25 — 8.23 (1H, d), 8.18-8.16 (1H, d), 8.10 -

8.05 (2H, m), 7.79 - 7.70 (2H, m), 7.33 (2H, 1), 7.10 (1H, s), 7.06 —7.04 (2H, d), 6.98
C1H, 1), 6.63 (2H, 5), 5.23 (2H, 5) '
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MASS (m/z): 420, 421
Example 45

1-(Phenylmethyl)-3[(3~phenyl methyl)pyrazol-5-yl]pyridinium chloride
(Compound 44)

Yield: 31%

IR(KBr, cm™): 3051, 1523, 1466

"THNMR (DMSO-d6, 400MHz) &: 13.48 (1H, s), 9.63 (1H, s), 9.005 - 9.03 (1H, d), 8.91 -
— 8.90 (1H, d) 8.15 (1H,t) 7.55 (2H, m), 7.45 — 7.43 (3H, m), 7.3 4 — 7.25 (5H, m) 6.79
(1H, s), 5.88 (2H, s), 4.06 (2H, s)

MASS (m/z): 326, 327,328 -

Example 46

1-(2-Thien-2’-yl-2-o0xo ethyl)-3[(3(-1-naphthyl)pyrazol-5-yl|pyr-idinium chloride
(Compound 45)

Yield: 22%

IR (KBr, cm™): 3057, 1671, 1517

"HNMR (DMSO-d6, 400MHz) &: 13.60 (1H, s), 9.40 (1H, s) 8.97 —8.95 (1H, d), 8.86 —
8.85 (1H, d), 8.23 - 8.18 (3H, m), 8.10 - 8.08 (1H, d), 7.87 - 7.8 6 (1H, d), 7.55 — 7.44
(4H, m), 7.40 (1H, t), 6.55 - 6.52 (1H, s), 6.40 (2H, 5), 4.54 (2H, s.)

MASS (m/z): 410, 411, 412

Example 47

1-(2-Phenyl-2oxoethy])-3[3(thienyl-2-yl-methyl)pyrazol-5-yl]py ridinium chloride
(compound 46)

Yield: 22%

IR (KBrcm™): 3068, 1691, 1519

'HNMR (DMSO-d6, 400 MHz) &: 13.55 (1H, s), 9.50 (1H, s), 9-01 (1H, d), 8.87 (1H,
d), 8.26 (1H, t) 8.07 (2H, m), 7.81 (1H, d), 7.68 (3H, t), 7.40 (2H, m), 6.78 (1H, s), 6.49
(2H, s) 4.30 (2H, 5)

MASS (m/z): 360, 361

Example 48

1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3-[3(2-phenyl ethyl) pyra=zol-5-yl]pyridinium
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chloride

(Compound 47)

Yield: 24%

IR (KBr, cm'l): 34068, 1661, 1450

'THNMR (DMSO-—ds, 400. MHz) 6: 13.33 (1H, s), 9.47 (1H, s), 8.97 — 8.95 (1H, d), 8..87
—8.86 (1H, d), 8._26 — 8.22 (1H, t), 8.05 — 8.04 (1H, d), 7.31 - 7.14 (6H, m), 6.78 (1,
s), 6.34 (2H, s), 2 .98 (4H, s), 2.59 (3H, 5)

MASS (m/z): 388, 389, 390

Example 49

1-(2-(5-Methyl 2-thienyl)-2-oxo0 ethyl)-3-[3-(3-phenoxy propyl)pyrazol-=5-
yl]pyridinium

chloride

(Compound 48)

Yield: 30%

IR (KBr cm™): 30257, 1665, 1452

'HNMR (DMSO—d6, 400 MHz) &: 13.34 (1H, s), 9.48 (1H, s), 8.99 — 8.97 (1H, d), 8.23
(1H, t), 8.05 — 8.04 (1H, d), 7.28 (1H, t), 7.15 — 7.14 (1H, d), 6.94 — 6.92 (3H, d) 6.83
(1H, s), 6.35 (2H, ), 4.02 (2H, t), 2.86 (2H, t), 2.27 2H, 1)

MASS (m/z): 418 , 419, 420

Example 50

1-(Isopropyl)-3{(3-phenylmethyl)pyrazol-5-yl] pyridinium bromide
(Compound 49)

Yield: 15%

IR (KBr, cm™): 34418, 2364, 1648

'THNMR (DMSO- dé6, 400MHz) &: 9.43 (1H, s), 9.09 — 9.07 (1H, d), 8.88 —8.86 (1H, d.),
8.168.13 (1H, m) , 7.36 — 7.14 (5SH, m), 6.84 (1H, s), 4.06 (2H, 5), 1.65 — 1.63 (6H, d) -

MASS (m/z): 278 , 279, 280

Example 51

1-(2-(5-methyl-2—thienyl)-2-0xoethyl)-3-[(3-phenylthiomethyl)pyrazol-5-
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yllpyridinium chloride
(Compound 50)
Yield: 31%

IR (KBr cm™): 3365, 1650, 1452

'HNMR (DMSO-d6, 400MHz) &: 13.58 (1H, 5), 9.46 (1H, s), 8.98 - 8.96 (1H, d), 8.87 -
8.85 (1H, d), 8.25 — 8.21 (1H, m), 8.04 — 8.03 (1H, d.), 7.37 — 7.30 (5H, m), 7.15 — 7.14
(1H, d), 6.88 (1H, s), 6.32 (2H, s), 4.36 (2H, 5), 2.59 (3H, 5)

MASS (m/z): 406, 407, 408, 409

Example 52

1-(2-Thien-2’-yl-2-oxoethyl)-3[(3-(N-methyl-indole—3-yl methyl) pyrazol-5-
1pyridinium chloride

(compound 51)

Yield: 20%

IR (KBr cm™): 3070, 1669, 1410

'HNMR (DMSO-d6, 400MHz) &: 9.32 — 9.30 (1H, mx), 9.00 — 8.92 (2H, m), 8.77 - 8.76
(1H, d), 8.19 —8.15 (2H, m), 8.10 - 8.07 (1H, m), 7.<47 — 7.45 (1H, d), 7.39 - 7.35 (3H,
m) 7.19 - 7.10 (2H, m) 7.03 - 7.00 (1H, t), 6.34 (2H, s), 4.22 (1H, 5), 3.79 (3H, s)
MASS (m/z): 413

Example 53

1-(2-Népthyl-z-oxo-ethyl)-3 [(3-methyl)pyrazol-5-yR] pyridinium bromide
(Compound 52) '

Yield: 38%

IR (KBr, cm™): 3066, 1675, 1518

'HNMR (DMSO-d6, 400MHz) &: 13.25 (1H, s), 9.53 (14, s) 9.02 - 9.0 (1H, d), 8.92 —
8.91 (1H, d), 8.84 (1H, s), 8.32 - 8.04 (SH, m), 7.79 ~7.70 (2H, m), 6.75 (1H, s), 6.63
(2H, s), 2.33 (3H, s)

MASS (mvz): 328, 329, 330

Example 54

1-(2-(1,4 benzodioxane-6-yl-amino-2-oxoethyl)-3{(3-phenylmethyl)pyrazol-5-yl
pyridinium chloride

(Compound 53)

Yield: 32%

IR (KBr, cm™'): 3445, 3068, 1678
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'THNMR (DMSO0-d6, 400MHz) 8 13.45 (1H, s), 10.61 (1H, 5), 9.47 (1H, s), 8.97 - 8.95
(1H, d), 8.91 - 8.89 (1H, d), 8.2 (1H, t), 7.34 — 7.19 (6H, m), 6.99 — 6.97 (1H, d), 6.84 —
6.82 (1H, d), 6.72 (1H, s), 5.61 (ZH, s) 4.21 (4H, s), 4.06 (2H, s)

MASS (m/z): 427, 428, 429

Example 55

1-(2-Thien-2-yl-2-oxoethyl)-3[ (3-phenyl) pyrazol-5-yl]-5-bromopyridinium chloride
(Compound 54)

Yield: 31%

IR (KBr, cm'l)

'HNMR (DMSO-d6, 400MHz) 8= 9.63 (1H, s), 9.36 (1H, s), 9.33 (1H, s), 8.27 — 8.24
(2H,m), 7.81 ~7.79 (2H, d), 7.57 —7.52 (3H, m), 7.46 — 7.42 (2H, m), 6.40 (2H, s)

MASS (m/z): 426,427, 428
Example 56

1-(2-Thien-2-yl)-2-o0xoethyl)-3 [(3—phenyl)pyrazol—5—yl] quinolinium chloride
(Compound 55)
Yield: 26%

IR (KBr, cm™)

'HNMR (DMSO-d6, 400 MHZ) 5: 10.18 (1H, s), 9.81 (1H, s) 8.45 - 8.40 (3H, m), 8.29
—8.28 (1H, d), 8.21 (1H, t), 8.08 (LH, t) 7.87 — 7.85 (2H, d), 7.57 — 7.55 (3H, m), 7.50 —
7.45 (2H, m), 6.96 (24, s)

MASS (m/z): 396, 397, 398
Example 57

3-[(3-phenyl)pyrazol-5-yl)] qﬁinoline
(Compound 56)
Yield: 70%

'"HNMR (DMSO-d6, 400 MHZ) 8: 9.45 (1H, bs), 8.75 (1H, s), 8.05 (2H, d), 7.87 (2H,
bs), 7.77 (1H, t), 7.65 (1H, 1), 7.55 — 7.45 (3H, m), 7.39 (1H, bs)

MASS (m/z): 272 (M*+1)
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Cosmetic Preparation

The preparatiom for use in cosmetic application may contain one or more

concentration of the cormpound in a cosmetically acceptable vehicle. The amount of the

* compound of invention will preferably range between 0.005 to 50% by weight (unless

otherwise noted, all fraction amounts are expressed in weight percent), more preferably .
between 0.20% and 5.90% w/w. The composition should be applied based on the
requirement to an affected area.

Suitable vehicles or carmiers for storage and/or delivery of the novel compound of this
invention may be provicled in lotion, liquid, ointment, gels, creams, spray, poultice or
other forms, and will presferably have a lipophilic, hydrophilic or amphiphilic character.
Suitable carriers include petrolatum, triglycerides, various esters, fatty alcohols, fatty
acid, alkylene glycols, @nd ethanol, of which polyethylene glycol and polypropylene
glycol are most preferred; if desired, compatible combinations of these vehicles are also

suitable.

Further more the vehicles are present as needed for the desired delivery system.

The vehicles or carriers can also have additional agents according to conventional

-practice. For example, the final composition may contain various emollients,

emulsifiers, alcohols, colorants, fragrances, thickeners (such as xanthan gum),
preservatives, humectantss, surfactants (anionic, cationic, nonionic, amphoteric alone or
in combinations), agents which modify skin differentiation and/or proliferation and/or
pigmentation, antiparasitf ¢ agents, dispersants, opacifier, gelling agent, hydrating agent,
additional antioxidants, the typical botanical extracts such as thoge derived from aloe,
citrus fruits, Witch Haze=l, chamomile, and other like e.g., those having an astringent,
antiseptic, sunscreens o©r suntan effects, skin toners, silicones, exfoliating agents,
keratolytic agnets, retinokds, skin penetration enhancers, vitamins, thrombolytic agents,
anticlotting agents, capiillary protectants, hormones, antibacterial agents, antiviral
agents, steroidal anti-infl ammatory agents, anaesthetics, anti-seborrhoeic agents, anti-
dandruff agents, anti -acne agents, anti-free radical agents, analgesics, lipophilic
compounds, antihistamine agents, insect repellants, skin cooling compounds, lubricants,
anti-fungal agents or maixtures thereof. The composition may likewise include a

penetration enhancer such as, but not limited to, Oleic acid, DMSO (dimethyl

-~~
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sulfoxide), alcohols, N-methylpyrolidone, dimethyl isosorbide. It may also inc:lude one

or more additional active ingredients such as anti-inflammatory agents, amtibjotic,

. astringerats, growth factors, tocopherols, retinols, free radical scavengers.

T he following non-limiting examples are for cosmetic composition according to

the instant invention.

Example 58 Compound of invention....0.3% w/w
Oleic acid........10.0%w/w
Propylene Glycol..70.0%w/w
Tween 80........ 0.1%w/w
Absolute ethanol.gs..100.0%w/w
Example 59
Compound of invention....0.3%w/w
Oleic acid......... 10.0%w/w
Colliodalsilicon Dioxide..6.0%w/w
Tween 80........ 0.1%w/w
Caprylic capricTriglyceride gs...100.0%w/w

A cosmetically acceptable organic fatty acid can optionally be present
independently in the composition in an amount, preferably a bioactively e=ffective

amount, of 0.1%to 10.0%; the addition of fatty acid is a preferred ingredient.

The effect of the compound of invention synergistically improvess when
combined with a humectant, an emollient, additional antioxidants or am anti-

inflammatory agent.

Example 60
Compound of invention. ..0.4%w/w
Fatty acid............ 4.0%wiw
Mineral oil............ 5.0%w/w
Isocetyl stearate.....1.0%w/w
Antioxidant.......... 0.05%w/w
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Xanthan gum........ 0.2%w/w
Glycerol.............. 50.0%w/w
Diazolidinyl urea....0.2%w/w
Lemon peel Extract..0.02%w/w
Alcohol...... R 2.0%w/iw
Purified water ........ 100.0%w/w

The addition of humectants and emollients to the antioxidant composition is
expected to aid in the rehydration and maintenance of hydration of the skin under
consideration. Improved hydration of the skin is believed to “both increase the
absorbence of the free radical scavenger by the skin and helps in the delivery of the free

radical scavenger to the active site.

Examples of the emollients which can be used are: mineral oil, petrolatum,
paraffin, ceresin, ozokerite, microcrystalline wax, perhydroscjualene dimethyl
polysiloxanes, methylphenyl polysiloxanes, silicone, silicone-glycol copolymers,
triglyceride esters, acetylated monoglycerides, ethoxylated glycerides, alkyl esters of
fatty acids,l fatty acids and alcohols, lanolin and lanolin derivatives, polyhydric alcohol
esters, sterols, beeswax derivatives, polyhydric alcohols and polyethesrs, and amides of
fatty acids . Although various emollients known in the art would be usseful in the present

invention, the preferred emollient is silicone.

Humectants known in the art to increase skin hydration when applied topically,
such as polyhydric alcohols, are appropriate. Examples of suitable humectants are:
glycerin, propylene glycol, butylene glycol, diglycerol, ‘or ester derivatives thereof.

However, the preferred humectant is glycerin.

The topical preparation of the present invention may «ontain a single
antioxidant, apart from the compound-of the invention or a combination of antioxidants,
thus an antioxidant blend. The term "antioxidant" as used herein is intended to
encompass both a single antioxidant as well as an antioxidant blend. The antioxidant

may also be incorporated into various vehicles to facilitate topical applacation..
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In order to obtain elegant, topical compoesitions in the form of cream, emulsions,
lotions or gels, such compositions may include =from about 0.001 wt% to about 50 wt%

of an antioxidant.

The topical compositions of the present invention can be made as lotions and

creams.

The free radical scavenger can be combimed with most emulsifiers that are used
to make lotions, creams and other suitable toppical vehicles. The emulsifiers can be |
cationic, anionic, nonionic, amphoteric, or a cormbination thereof. Nonionic emulsifiers
are preferred. Exemplary nonionic emulsifiers are commercially available sorbitans,
alkoxylated fatty alcohols and alkyl polyglycosides. Anionic emulsifiers may include
soaps, alkyl sulfates, monoalkyl and dialkyl phosphates, alkyl sulphonates and acyl
isothionates, an amphoteric emulsifier that may be used is lactamidopropy] trimonium

chloride.

Suitable vehicles for composition of th e present invention may also contain
thickeners. Examples of suitable thickeners imclude cellulose derivatives, such as
hydroxyethyl cellulose and hydroxypropyl ce:llulose, as well as polyacrylic acid
polymers. |

Examples of preservatives that are sui table for use with the compositions
include alkanols, especially ethanol and benzyl alcohol; parabens; sorbates; urea

derivatives; and, isothiazolinones.

Lotions or creams according to the poresent invention can be made using
conventional homogenization methods known €o those skilled in the art. It is also
possible to use a pro.cess of microfluidization that involves co-mixing the aqueous
phase and the oil phase of such creams and lotiomxs in a high-pressure homogénizer that
reduces the emulsion particle size dramatically to about several microns of those in
creams and lotions prepared without applying high pressure. Microfluidization allows
one to prepare elegant stable creams and lotion.s containing effective amounts of the

compound without the use of traditional emulsifie=rs and surfactants.
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The topical compositions of the present invention can also be formulated as a
micro-emulsion, which is a éubcategor'y of emulsio ns, oils that may be used are mineral
oil and silicone oil. Examples of alcohols that may~ be used are cetyl alcohol, isostearyl
alcohol, stearyl alcohél, dodecanol and dodecenol . Nonionic surfactants may bé fatty
esters, esters of fatty alcohols or ethoxylated alcohols. Examples of nonionic surfactants
are polyethylene glycol, isopropyl myristate, cetyl isooctadecanoate, polypropylene

glycols, sorbitants and isopropyl oleate.

Example 61 Compound of invention....0-.2%w/w
Fatty acid................ 1.5%ow/w
Surfactant................ 3.0%ow/w
Cosolvent................. 70.0%w/w

Purified water....(gs) 100.00%w/w

The topical compositions of the invention can be formulated as oil-in-water or
water-in-oil emulsions. The compositions can alseo be in the form of a multiphase

emulsion, such as a water-in-oil-in-water type emulszon.

The compositions of the invention can also be made as a liposomal formulation.
In such compositions, compound solution can b»e entrapped inside the liposomal
vesicles with the shell of the liposome being a phospholipid or other suitable lipids (e.g.
skin lipids). To form a topical composition, the lipposomes can then be added to any
carrier system described above according, to tthe preparation modes, uses and

compositions of topical liposomes.

Example 62 Compound of inventiom...0.4%w/w
' Phospholipid............ 6.0%w/w
Antioxidants............ 05%w/w
Ethanol.................. 15.0%w/w
Hydrophilic medium.. - ... (gs) 100.0%w/w

Solutions of compound and antioxidants can also be entrapped in polymeric
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vesicles with a shell comprising Of a suitable polymeric material, such as gelatin, cross-
linked gelatin, polyamide, polyacrylates and the like to form a vesicle that is then

incorporated into the topical compoosition.

The comi)osition accordin g to the instant invention can be used for one or mote
of the following cosmetic applications, namely (a) reversing and preventing wrinkles
b) reversing and preventing fine lines (c) promoting epidermal growth (d) photo
protection (e) reversing and preventing skin discoloration (f) reversing and preventing
age spots (g) conditioning and preventing dryness (h) reversing and preventing stretch
marks (i) reversing and preventing blemishes (j) skin care/skin conditioning (k)
reversing and preventing senile xerosis (1) conditioning and preventing sun burns (m)
preventing and reversing the loss of collagen (n) improving skin texture (o) improving
skin tone (p) enhancing skin thickness (q) decreasing pore size (r) restoring skin luster
(s) minimizing signs of fatigue (t) reducing acne, (u) treatment of Telangiectasia and (v)

improving asthetic appearance of hair and nail.

Pharmaceutical Compositions

Pharmaceutical compositions effective for scavenging free radicals and / or
inhibiting AGE may be prepared with a pharmaceutically effective quantity of
compounds of general formula I, individually or in combination. The amount of the
compound of invention will prefer-ably range between 0.00001 to 90 % by weight. The
following pharmaceutical formulations suggested are by way of example alone and in

no way restrict the scope of the inv-ention.
Oral formulations

Oral Vformulations may be administered as solid dosage forms for example
pellets, powders, sachets or discreet units such as tablets or capsules and like. Other
orally administered pharmaceutical preparations include monophasic and biphasic
liquid dosage forms either in ready- to use form or forms suitable for reconstitution such

as mixtures, syrups, suspensions or- emulsions. The preparations in addition may contain
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diluents, dispersing agents, buffers, stabilizers, solubilizers, surfactants, preservatives,
chelating agents .and/ or other pharmaceutical additives as are used. Aqueous or non
aqueous vehicle or their combination may be used and if desired may'contain suitable
sweetener, flavoring agent: or similar substances. In case of suspension or emulsion a
suitable thickening agent or suspending agent or émulsifying agént may be present in
addition. Alternatively, thes compounds may be administered as such in their pure form
unassociated with other additives for e){ample as capsules or sachets. It may also be
administered with a vehicle. Pharmaceutical preparations can have a slow, delayed or
controlled release of active ingredients as is provided by a matrix or diffusion

controlled system.

When the present mnvention or its salts or suitable complexes is presented as a
discreet unit dosage forrm like tablet, it may contain in addition medically inert
excipients as are used in the art. Diluents such as starch, lactose, dicalcium phosphate,
talc, magnesium stearate, polymeric substances like methyl cellulose, fatty acids and

derivatives, sodium starch glycollate, etc. may also be used.

Example 63

Preparation of oral dosagse form:

A typical tablet can have tlme following composition:

Active ingredient of general formulal an effective amount
Lactose 100 mg
Microcrystaline Cellulose - 51mg

Starch 60 mg

Polyvinyl pyrolidone (K-30) 2 mg

Talc 1.5mg

Magnesium Stearate 1.0 mg

OR

Active ingredient of general formulal an effective amount
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Lactose 130 mg
Starch 75 mg
Polyvinyl pyrolidone (K-30) 2 mg
Talc [.5mg
Magnesium Stearate 1.0 fng

Parenteral Formulations

For parenteral administration, the compounds or their salts or suitable
complexes thereof may be present im a sterile vehicle which may be an aqueous or non
aqueous vehicle or a combination thereof. The examples of vehicles are water, ethyl
oleate, oils and derivatives of polyols, glycols and their derivatives. It may contain
additives common in injectable preparations like stabilizers, solubilizers, pH modifiers,

buffers, antioxidants, cosolvents, comiplexing agents, tonicity modifiers, etc.

Some suitable additives are for example tartrate, citrate or similar buffers,
alcohol, sodium chloride, dextrose and high molecular weight polymers. Another
alternative is sterile powder reconsti tution. The compound may be administered in the
form of injection for more than onces daily administration, or intravenous infusion/ drip

or suitable depot preparation.

Example 64

Preparation for parenteral administration :

Active ingredient of general formulak - an effective amount
Polethylene glycol (400) 20% wiv

Sodium metabisulphite 0.01% w/v

Isotonic saline/WFI g.s. to 100%

Other Formulations.

For the dermatological application and for the discoloration of teeth, the

recommended formulations are lotioms, oral rinse and toothpaste containing appropriate

L°{e]
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The above examples are presented by way of illustration alone and in no way

lim3t the scope of the invention.
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1. A compound represented by formula (I) and its pharmaceutically” or

cosmetically acceptable salts

R1
rRs RrR2 | O ye

wherein,

R, is hydrogen_ or selected from linear or branched (C;-C,2) alkyl, (C,-C,;) alkenyl,
(C3-C7)  cycloalkyl, .(Cs-C;) cycloalkenyl, bicycloalkyl, bicycloalkemyl,
heterocycloalky~l, aryl, aralkyl, heteroaryl, heteroaralkyl and wherein one or more
heteroatoms whien present are independently selected from O, N, or S and is option ally
substituted, w-herein the substituents are selected from a first group consistingg of
halogen, hydrosxy, nitro, cyano, amino, oxo and oxime or from a second greoup
consisting of limear or branched (C. — Cg) alkyl, (C; — Cy) cycloalkyl, alkylcycloalkyl,
perhaloalkyl, perhalocycloalkyl, aryl, aralkyl, alkylaryl, alkylhéteroaryl, aralkoxylailkyl,
perhaloaryl, alkylheterocycloalkyl, heterocyclyloalkyl, perhaloheterocyclyloalkkyl,
heteroaryl, hete-roaralkyl, alkylaryl, perhaloheteroaryl, acyl, alkoxyalkyl, thioalkyl =nd
thioaryl, where&n the substitutents from said second group are optionally substitutecE by
Ryg and are optaonally and independently bridged by -(CO)O-, -(CO)NH-, -NH-, -NRy-,
-0-, -8-, «(S0)-, -(80y), -(SO2)NH-, or -NH(CO)-; '

Y is selected from the group consisting of null, (C; — C,) alkyl-Z or (C;-C),) all<yl,

wherein Z is sel ected from sulfur, oxygen or nitrogen;
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A and B are independently selected from NH, NR6, sulfur, oxygen or carbeon to form a

heteroaromatic ring system;

Ry, R3 and R4 are independently selected from a first group consisting o€ hydrogen,
halogen, NO; , N=C(Rs)(Ro), -NRsRo, -ORs, perhaloalkyl, <(CO)NRgRo, (CO)Rg, -
(CO)ORg, -O(CO)Rs, -NH(CO) Rg or from a second group consisting’ of linear or
branched (C1-Cl12)alkyl, (C2-C12)alkenyl, (C3-C7)cycloalkyl, (C5-C7)cycloalkenyl, .
bicycloalkyl, bicycloalkenyl, heterocycloalkyl, aryl, aralkyl, heteroaryl, hesteroaralkyl,
wherein one or more members of said second group when present are optionally -
substituted by RI0 and Wherein one or more heteroatoms when —present are

independently selected from O,N, or S;

RS is null or selected from the group consisting of linear or branched (C;-Cjy)alkyl,
(Cy-Cj2)alkenyl, (Cs-Cy)cycloalkyl, (Cs-Cq)cycloalkenyl, bicycloalkyl; CH,o(CO)Ry,
CH(CO)NHRg, CH3(CO)NR3sRy, and CHa(CO)OR5 which are optionally su_bstituted by
Rio;

Rs and Ry are independently selected from the group consisting of linear ©r branched
(Cy — Cy) alkyl, (C3 — Cq)cycloalkyl, alkylcycloalkyl, perhaloalkyl, perhalocycloalkyl,
aryl, aralkyl, alkylaryl, alkylheteroaryl, aralkoxylalkyl, Werhaloaryl,
alkylheterocycloalkyl, heterocyclyloalkyl, perhaloheterocyclyloalkyl, heteroaryl,
heteroaralkyl, alkylaryl, perhaloheteroaryl, acyl, benzoyl, alkoxyalkyl, th-ioalkyl and
thioaryl wherein members of said group are optionally substituted by R10;

Rs and Ry are independently selected from the group consisting of linear ©r branched
(Cy-Cy2)alkyl, alkoxyaryl, alkoxyalk)"l, alkoxycycloalkyl, alkoxyaryl, perhaleoalkyl, (C,-
Cyp)alkenyl, (C5-Cy)cycloalkyl, perhalocycloalkyl, haloheterocycloalkyl,
cyanoheterocycloalkyl, perhaloheterocycloalkyl, (Cs-C;)cycloalkenyl, bacycloalkyl,
bicycloalkenyl, heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, poerhaloaryl,
perhaloheteroaryl wherein substituents of said group are optionally substituteed by R;y;

R, is selected from halogen, hydroxy, nitro, cyano, amino, oxo, perhaloalkzyl (C,-Cg),

or oxime;
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X is selected from group comprising of a halide ion, acetate ion, perchlorate ion,
sulfonate ion, oxalate ion, citrate ion, tosylate ion, malea te ion, mesylate ion, carbonate
ion, sulfite ion, phosphoric hydrogen ion, phosphonate ion, phosphate ion, BF4 and

PF, . ) . )
provided when the groups / substituents are present or same or adjacent carbon or
nitrogen atoms they together may optionally form a five or a six or a seven membered
ring optionally containing one or more double bonds and optionally containing one or

more heteroatoms selected from O, N, or S.

2. The compound as claimed in claim 1, wherein said pharmaceutically / cosmetically
acceptable salts are salts of the carboxylic acid selected from alkali metal salts and
alkaline earth metal salts; salts of organic bases seslected from lysine, arginine,
guanidine, diethanolamine and choline; ammonium or substituted ammonium salts,
aluminium salts; or acid addition salts selected form the group consisting of sulfates,
nitrates, phosphates, perchlorates, borates, hydrohalides , acetates, tartrates, maleates,
citrates, succinates, palmoates, methanesulfonates, benzoates, salicylates,
hydroxynaphthoates, = benzensulfonates,  ascorbates, glycerophosphates  and

ketoglutarates.

3. The compound as claimed in claim 1, wherein R, is a substituted or unsubstituted
group selected from linear or branched (C,-Calkyl, (Cs3-Cj)cycloalkyl,
heterocycloalkyl, aryl or heteroaryl wherein one or more heteroatoms when present are

independently selected from O, N, or S.
4. The compound as claimed in claim 1, wherein Y is selected from the group
consisting of null (C,-Cs) alkyl-Z and (C,-Cs) alkyl, whesrein Z is selected from sulfur,

oxygen or nitrogen.

5. The compound as claimed in claim 1, wherein A and. B are independently selected
from NH and NRg.

6. The compound as claimed in claim 1, wherein R, R3 and Ry are independently
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selected from the group consisting of hydrogen, halogera, NO, and perhaloalkyl.

7. The compound as claimed in claim 1, wherein Rs is either null or selected from the

group CH,(CO)R; and CHy(CO)NHRg, optionally substi tuted by R,.

8. The compound as claimed in claim 1, wherein X is hallide.

9. The compound as claimed in claim 1, which is selected from the group consisting

of the following compound or pharmaceutically acceptable salts thereof:

a)

b)

)

h)

i)
k)

)

1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-phenyl meth-yl) pyrazol-5-yl] pyridinium
bromide ;

1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-phenyl metheyl) oxazol-5-yl pyridinium
bromide ;

1-(2-thien-2’-yl-2-oxoethyl)-3-[3-{1-(2-thien-2’-3~1)-2-oxoethyl  pyridinium-4-
thio} methyl-pyrazol-5-yl ] pyridinium dibromides ;
1-(2-thien-2’-yl-2-oxoethyl)-3-[3-{1-(3,5-dimethy/Ipyrazol-1-yl) methyl}
pyrazol-5-yl] pyridinium bromide ; ’
1-(2-thien-2’-yl-2-oxoethyl)-3-[ {3-phenylmethyl} -1-{2-pyridyl}-pyrazol-5-yl]-
pyridinium bromide ;

1-(2-thien-2’-yl-2-oxoethyl)-3-[3 {(3,5-dimethylpwrazol-1-yl) rfxethyl—l-pyridyl}
pyrazol-5-yl] pyridinium bromide ;

1-[2-(cyclopropylamino)-  2-oxoethyl]  3-[3- {(3,5-dimethyl pyrazol-1-yl)
methyl}-pyrazol-5-yl]-pyridinium bromide ;

1-{2-(4-nitro-2-thienyl)-2-oxoethyl} -3-[3 {(3,5-dirmnethylpyrazol-1-yl) ethyl}-
pyrazol-5-yl]- pyridinium bromide ;

1-(2-cyclopropylamino-2-oxoethyl)-3[(3-phenylrmuethyl) pyrazol-5-yl}
pynidinium chloride ;

3,5-bis- [1~(2-thien-2’-yl-2-oxoethyl)-pyridinium~3-yl]}-pyrazole dibromide;
1-(2-thien-2’-yl-2-oxoethyl)-3-{(1-phenyl-3-pheny/Imethyl) pyrazol-5-yl]-
pyridinium chloride;

1-(2-(5’-methyl-2-thienyl)-2-oxoethyl)-3-[(3-phemylmethy!) pyrazol-5-yl)

pyridinium chloride ;

~a
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m)

n)

0)

p)

r

t)

z)

PCT/IB02/01137

1-(2-thien-2’-yl-2-oxoethyl) 3-[1 -phenyl,3-{(3,5-dimethyl pyrazol-1-yl)
methyl)} pyrazol-5-yl]- pyridinium claloride ;
1-(2-phenyl-2-oxoethyl)-3-[(3-phenyl methyl) pyrazol-5-yl}- pyridinium
brom.ide-;

1-(2-cjlclopr0pylamino- 2-oxoethyl) 3-[( l-phenyl-'3-phenylmeth'yl) pyrazol-5-
y1}-pyridinium chloride ;

1-(2-(4-benzyl-I-piperidinyl)-z-oxoethyl) 3-[(3-phenoxymethyl) pyrazol-5-y1}-
pyridinium bromide ;

1-(2-phenyl—2-oxoethyl)-3-[(3-(3,5-dimethylpyrazol-l-yl) methyl) pyrazol-5-
yl1-pyridinium chloride;

1-(2-(5-methyl-2-thienyl)-2-oxoethyl)—3 -[(3,-(3,5-dimethyl pyrazol-1-yl)
methyl) pyrazol-5-yl] pyridinium chloride ;

1-(2-phenyl-2-oxoethyl)-3-[( 1-phenyl-3-phenylmethyl) pyrazol-5-yi] pyridinium
chloride ;

1 -(2-(5—methyl-2-thienyl)—2-oxoethyl)-3-[(3 (2-cyclohexyl ethyl)pyrazol-5-yl]
pyridinium chloride ;

1-(2-cyclopropylamino-2-oxoethyl)-3-[ (3 ~(2-cyclohexylethyl)  pyrazol-5-y1]
pyridinium chloride ; _
1-(2-phenyl-2-oxoethyl)-3-[(3-(2-cyclolxexylethyl) pyrazol-5-yl]  pyridinium
chloridé ;

1-(2-cyclopropylamino—2-oxoethyl)—3~[(1—cyclohexyl-3-phenylmcthyl) pyrazol-
5-yl] pyridinium chloride;

1-(2-thien-2’-yl-2-oxoethyl)—3-[(3-phenoxymethyl) pyrazol-5-yl] pyridinium

chloride;

'1-[2-(1-adamantylamino )-2-oxoethyl]-3-{(3-phenylmethyl) , pyrazol-5-yl}

pyridinium chloride ; _
1-(2-phenyl-2-oxoethyl)-3-[ {3-(3 ;5-dimeethylpyrazol-1-yl)methyl)} I-phenyl-
pyrazol-5-yl] pyridinium bromide ;

aa) l-(2-(4-ni&o-2-thienyl)-2-0xoethyl)—3-[( l-cyclohexyl;3-(3,5-dimethylpyrazol—l~

yl)-methyl) pyrazol-5-y1] pyridinium brosmide ;

bb) 1-(2-(4-nitro-2-thienyl)-2-oxoethyl)-3[ (3 -(2-cyclohexylethyl)pyrazol-5-yl]

pyridinium bromide ;

cc) 1-(2-thien-2’-yl-2-oxoethyl)-3-[(1-pheny-1-3 -phenoxymethyl) pyrazol-5-y1]
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pyridinium chloride ;
dd) 1-(22-(4-nitro-2-thienyl)-2- -oxoethyl)-3- [(l-phenyl 3-phenylmethy1) pyra=zol-5-
yl}oyridinium bromide ;

ee) 1-(2-cyclopropylamino-2-oxoethyl)-3- [(3-phenoxymethyl) pyrazol -5-yl]

pyrldlmum chloride ; ‘
H 1-(2-cy010propy1ammo-2~oxoethy1)—3-[(1-cyclohexyl-3-(3,5-dimethyl pyxazol-
1-yL) methyl)pyrazole-5-yl] pyridinium chloride ;

gg) 1-(Z-(5 -chloro—2-thienyl)-2-oxoethyl)-3-[(3-phenoxymethyl) pyrazol—5-yl]
pyri dinium bromide ; A

hh) 1-(2--phenyl-2-oxoethyl)-3-[(1-phenyl-3 -phenoxymethyl) pyrazol—5-yl]
pyri-dinium chloride ;

i) 1-(2 -thien—2’~y1~2-oxoethyl)—3-[(1-cyclohexyl-3-(3,5-dimethylpyrazol—1—yl-
methyl)pyrazol-5-yl]pyridinium chloride ;
i 1-(2—cyclopropylamino-2-oxoethyl)—3—[(1-phenyl-3-phenoxymethyl) pyrazol-5-

yllp¥ridinium bromide ;

kk) 1-(2—thien-2’-yl-2-oxoethyl)-3- -[(1-phenyl-3- (2~cyclohexylethyl) pyrazol- 5-yl]
pyriclinium bromide ;

1) 1-CZ-thlen-2’-yl-2-oxoethyl)-3-[(1-cyc]0hexy1-3-phenoxymethyl) pyrazol-5-yl]
pyricdinium chloride ;

mm) 3-{(3-phenylmethyl) pyrazol-5-yl] pyridine hydrochloride ;

nn) 3-[(3-phenoxymethyl) pyrazol-5-yl] pyridine hydrochloride ;

00) 3-[(3,5-dimethylpyrazol-1-yl-methy!) pyrazol-5-yl] pyridine ;

rp) 3-[3- (2-cyclohexyl-ethyl)-pyrazol-5-yl] byridine ;

qq) 1-(2-mapthyl-2-oxo ethyl)-3 [(3-phenoxymethyl)pyrazol-5-y1]pyridinium

brom.ide ;
1) 1-(ph.enylmethyl)-3[(3-phenyl methyl)pyrazol-5-yllpyridinium chloride;

ss) 1-(2-&thien-2’-yl-2-0xo0 ethyl)-3[(3(-1 -naphthyl)pyrazol-5-yl]pyridin ium
chloride ; .
tt) 1-(2-phenyl-2oxoethyl)-3 [3(thienyl-2-yl-methyl)pyrazol-5-yl]pyridinium chioride:

b

uu) 1-(2-C5-methyl-2-thienyl)-2-oxoethyl)-3- -{3(2-phenyl ethyl) pyrazo]-5-
yllpy=aidinium chloride ;

vVv) 1-(2-(5-methyl 2-thienyl)-2-oxo ethyl)-3-[3-(3-phenoxy propyl)pyrazo 1-5-
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yl]pyridinium chloride ;
WW) 1—(isopropyl)-3[(3—phenylmethyl)pyrazol-S-yl] pyridinium bromide;

5 XX) 1-(2-(5-methyl-2-thienyl)~2-oxoethyl)-3-[(3-thiophenylmethyl)pyrazol-s-
. Yl]pyridinium chloride;

YY) l—(2—thien-2’-yl-2-oxoethyl)-3[(3-(N-methyl-indole-3—3fl methyl)  pyrazol-5-
yllpyridinium chloride ;
10
zz) 1-(2-napthyl-2-oxo-ethyl)-3 [(3-methyl)pyrazol-5-yl]pyridinium bromide ;

aaa) 1-(2-(1,4 benzodioxane-6-yl-amino-2-oxoethyl)-3[(3-phenylmethyl)pyrazol-5-
yl]pyridinium chloride ;
15 '
bbb) 1-(2-thien-2’-yl)-2-oxo0 ethyl)-3[(3-phenyl)pyrazol ~5-y1]-5 bromo pyridinium
chlonde;

cce) 1-(2-thien-2’-yl)—2-oxoethyl)-3[(3-phenyl)pyrazol—S—yl]quinolinium chloride
20
and

ddd) 3-[(3-phenyl)pyrazol-5-yl)lquinoline.

25  10. A process for the preparation of the compoundAof genera:l formula(l) as defined in
claim 1, which comprises the steps of:
(a) preparing the corresponding 1,3 diketo compound by reacting
unsubstituted / substituted acetyl pyridines writh alkyl/aryl esters in a
suitable base or by reacting unsubstituted / suabstituted aryl esters with
30 unsubstituted / substituted aryl methyl ketone in_ a suitable base ;
(b) cyclizing of the product obtained in step (a ) andd optionally,
(¢) quaternizing the substituted pyridine obtaired in step (b), with a
quaternizing agent in an alcoholic and/or high boiling solvent under

reflux for 6 - 48 hrs. to give the desired compou nd.

35
11. © A pharmaceutical composition comprising a plearmaceutically effective
amount of one or more compounds of general formula (1), as defined in claim 1 or
pharmacentically acceptable salt(s) thereof in admixture \with a pharmaceutically
acceptable carrier, diluent, solvent or excepient.

40
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12. The pharmaceutical composition as claimed in claim 11, in the form of an oral

formulation.

13. The pharmaceutical composition as claimed in claim 11, wherein said
acceptable carier, diiuent, solvent or excepierat is selected from group cornpﬁsing of

starch, lactose, polyvinyl pyrolidone (K-30), tal<c and magnesium stearate.

14. The pharmaceutical composition as claimed in claim 11 in the form of a parenteral

formulation.

15. The method for the preparation of a parenteeral formulation as claimed in claim 14,
which comprises dissolving one or more compeounds of general formula(l), as defined
in claim 1, in polyethylene glycol 400 and dilluting the solution so obtained, with an

isotonic solution or water to a desired concentration.

16. The pharmaceutical composition as claimec in claim 11, in the form of a lotion,oral

rinse and toothpaste.

17. The pharmaceutical composition as claime d claim 11 wherein said compound is

selected from the group consisting of:

a) 1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-pheny1 methyl) Ryrazol-5-yl} pyridinium
bromide or a pharmaceutically acceptabl e salt thereof;

b) 1-(2-thien—2’-yl-2-oxoethyl)~3—[(3-phenyl methyl) oxazol-5-yl pyridinium
bromide or a pharmaceutically acceptable salt thereof ;

c) 1-(2-thien-2’-yl-2-oxoethyl)-3-[3- {1-(2-tEaien-2 ’-yl)-2-oxoethyl  pyridinium-4-
thio} methyl-pyrazol-5-yl } pyridiniam bromide or a pharmaceutically
acceptable salt thereof ;

d) 1-(2-thien-2’-yl-2-oxoethyl)-3-[3-{1~(3,5—dimethylpyrazol-1 -yl) méthyl}
pyrazol-5-yl] pyridinium bromide or a ph-armaceutically acceptable salt thereof ;

A ) 1-(2-thien-2’-yl-2-oxoethyl)-3-[ {3-phenyMmethyl}-1- {2-pyridyl}-pyrazol-5-yl]-
pyridinium bromide or a pharmaceutically/ acceptable salt thereof ;

f) 1-(2-thien-2°-yl-2-oxoethyl)-3-[3{(3,5-dirnethylpyrazol-1-yl) methyl-1-pyridyl}
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pyrazol-5-yl] pyridinium bromide or a pharmacentically acceptable salt thereof ;
8) 1-[2-(cyclopropylamino)- 2-oxoethyl]  3-[3-{(3,5-dimethyl pyrazol-1-yl)
methyl}-pyrazol-5-yl]-pyrf dinium bromide or a pharmaceutically acceptable salt
thereof ; '
5 h) 1-{2-(4-nitro-2—thienyl)-Z-Q}{oétflyl}-3-[3 {(3,5-dimethylpyrazol-1-yl) ethyl}-
pyrazol-5-yl]- pyridinium bromide or a pharmaceutically acceptable salt thereof ;

) 1 -(2-cyclopropy1amino-2—c»xoethyl)-3 [(3 -phenylmethyl)pyrazol-5-yl]pyridinium
chloride or a pharmaceutically acceptable salt thereof ;

J) 3,5-bis- [1-(2-thien-2’—yl-Z.-oxoethyl)-pyﬁdinium—3 -yl]-pyrazole dibromide and |

10 pharmaceutically acceptabl e salts thereof or a pharmaceutically acceptable salt
thereof;

k) "1-(2-thien-2’-yl-2-oxoethyl D-3-[(1 -phenyl-3-phenylmethyt) pyrazol-5-yl]-

~ pyridinium chloride or a pharmmaceutically acceptable salt thereof ;
D 1-2-(5 ’-methyl-2-thienyl)-2-oxoethyl)—3-[(3 -phenylmethyl) pyrazol-5-yl]
15 pyridinium chloride or a phamaceutically acceptable salt thereof ;

m) 1-(2-thien-2’-yl-2-oxoethyl) 3-[1-phenyl,3-{(3,5-dimethyl pyrazol-1-yl)
methyl)} pyrazol-5-yl}- pyr-idinium chloride or a pharmaceutically acceptable
salt thereof ;

n) 1~(2-phenyl-2—oxoethy1)-3—[C3-phenylmethyl) pyrazol-5-yl]- pyridinium

20 bromide or a pharmaceutical Jy acceptable salt thereof ;

0) 1-(2-cyclopropylamino- 2-awxoethyl) 3-[(1-phenyl-3-phenylmethyD pyrazol-5-
yl]-pyridinium chloride or a harmaceutically acceptable salt thereof ;

p) 1-(2-(4-benzyl-1-piperidinyl ®-2-oxoethyl) 3-[(3-phenoxymethyl) pyrazol-5-yl]-
pyridinium bromide or a phammaceutically acceptable salt thereof ;

25 q@ 1-(2-phenyl-2-oxoethyl)-3-[(3-(3 ,»-dimethylpyrazol-1-yl) methyl) pyrazol-5-
yl]-pyridinium chloride or a Pharmaceutically acceptable salt thereof ;

r) 1-(2-(5-methyl—Z—thienyl)Q-oxoethyl)-3-[(3,-(3,5 -dimethyl pyrazol-1-yl)

. methyl) pyrazol-5-yl] pyridimium chloride or a pharmaceutically acceptable salt
thereof ; .

30 s) 1-(2-pheny1-2—oxoethy1)-3-[(L-phenyl-3-phenyhnethy1) pyrazol-5-yl] pyridinium
chloride or a pharmaceuticallys acceptable salt thereof ;

t) l-(2-(5-methyl-Z-thienyl)-2-o:<0ethyl)-3-[(3(2-cyclohexy1 ethyl)pyrazol-5-yl]

pyridinium chloride or a phar-maceutically acceptable salt thereof ;
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u) 1-(2-cyclopxropylamino-2-oxoethyl)-3-[(3-(2-cyclohexylethyl) pyrazol-5-yl]
pyridinium chloride or a pharmaceutically acceptable salt thereof ;
V) 1-(2-phenyl——2-oxoethyl)—3-[(3-(2-cyclbhexylethyl) pyrazol-5-yl}]  pyridinium
chloride or & pharmaceutically acceptable salt thereof ;
5 w) 1-(2-cyclopropyiamino;2-oxoetflyl}?»—[(1-cyclohexyl-3-phenylmethyl) pyrazol-‘
5-yl] pyridiraium chloride or a pharmaceutically acceptable salt thereof ;
X) 1-(2-thien-2 *-yl-2-oxoethyl)-3-{(3-phenoxymethyl)  pyrazol-5-yl] pyridinium
chloride or aa pharmaceutically acceptable salt thereof ;
y) 1-[2-(1-adarmantylamino)-2-oxoethyl]-3-[(3-phenylmethyl) pyrazol-5-yli]
10 pyndinium chloride or a pharmaceutically acceptable salt thereof ;
z) 1-(2-phenyl-2-oxoethyl)-3-[ {3-(3,5-dimethylpyrazol-1 -yl)methyl)}1-phenyl-
pyrazol-5-yl ] pynidinium bromide or a pharmaceutically acceptable salt thereof ;
aa) 1-(2-(4-nitro-2-thienyl)-2-oxoethyl)-3-[(1-cyclohexyl-3-(3 ,5-dimethylpyrazol-1-
yD-methyl) pyrazol-5-yl] pyridinium bromide or a: pharmaceutically acceptable
15 salt thereof ;
bb) 1 -(2-(4~nitro»-2-fhienyl)-2-oxoethyl)-3 [(3-(2-cyclohexylethyl)pyrazol-5-yl]
pyridinium bromide or a pharmaceutically acceptable salt thereof ;
cc) 1-(2-thien-2>-yl-2-oxoethyl)-3-[(1-phenyl-3 -phenoxymethyl) pyrazol-5-yl]
pyridinium chloride or a pharmaceutically acceptable salt thereof ;
20 dd) 1-(2-(4-nitro--2-thienyl)-2-oxoethyl)-3-[(1 -phenyl-3-phenylmethyl)  pyrazol-5-
yllpyridiniurn bromide or a pharmaceutically acceptable salt thereof ;
ee) 1-(2-cyclopr-opylamino-2-oxoethyl)-3-[(3 -phenoxymethyl) pyrazol-5-yl]
pyridinium chloride or a pharmaceutically acceptable salt thereof ;

ff) 1-(2-cyclopr-opylamino-2-oxoethyl)-3-[(1-cyclohexyl-3-(3,5 -dimethylpyrozol -

25 1-yDmethyl)pyrazole-5-yl] pyridinium chloride or a pharmaceutically
acceptable salt thereof ;
£g) 1-(2-(5-chlomo-2-thienyl)-2-oxoethyl)-3-[(3-phenoxymethy]) pyrazol-5-yl]
pyridinium bromide or a pharmaceutically acceptable salt thereof ;
hh) 1-(2-pheny1-—2-oxoethyl)—3-[(l-phenyl-3-phenoxymethyl) pyrazol-5-yl]
30 pyridinium chloride or a pharmaceutically acceptable salt thereof ;

ii) 1-(2-thien-2"—yl-2-oxoethyl)-3-[(l-cyclohexyl-3-(3,5—dimethylpyrazol-l—yl-
methyl)pyra=ol-5-yl]pyridinium chloride or a pharmaceutically acceptable salt
thereof ;
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iD 1-(2-cyclopropy]amino-2-oxoethyl)—3-[(1-pheny]-3-phenoxymethyl) pyrazol-5-
yl]lpyridinium bromide or a pharmaceutically acceptable salt thereof ;

kk) i-(2-thien—2’-yl-2-oxoethy1)—3=[(l-phenyl-3- (2-cyclohexylethyl) pyrazol-5-yl]
pyridinium bromide or a phaarmaceutically acceptable salt thereof ;

1) . 1-(2-thien-2°-yl-2-oxoethyl )-3-[( 1-éyclohexyl~3-phenoxymethyl) pyrazol-5-yl]
pyridinium chloride or a ph.armaceutically acceptable salt thereof ;

mm) 3-[(3-phenylmethyl) pyrazol-5-yl] pyridine hydrochloride or a
pharmaceutically acceptable salt thereof ;

nn) 3-[(3-phenoxymethyl)  pyrazol-5-yl]  pyridine hydrochloride or a
pharmaceutically acceptable salt thereof ;

00) 3-[(3,5-dimethylpyrazol-1-yl-methyl) pyrazol-5-yl] pyridine or a
pharmaceuticaily acceptable salt thereof ;

pp) 3-[3-(2-cyclohexyl-ethyl)-pyrazol-5-yl]  pyridine or a pharmaceutically
acceptable salt thereof ;

qq) 1-(2-napthyl-2-oxo ethyl)-3 {(3-phenoxymethyl) pyrazol-5-yl] pyridinium bromide
or a pharmaceutically acceptable salt thereof ;

r) 1-(phenylmethyl)-3[(3-phen.yl methyl)pyrazol-5-yl]pyridinium chloride or a

pharmaceutically acceptable salt thereof ;

ss) 1-(2-thien-2’-yl-2-oxoethyl)~3[(3(-1-naphthyl) pyrazol-5-yl] pyridinium chloride
or a pharmaceutically acceptable salt thereof ;

tt) 1-(2-phenyl-2oxoethyl)-3{3( thienyl-2-yl-methyl)pyrazol-5-yl}pyridinium
chloride or a pharmaceutical ly acceptable salt thereof ;

uu) 1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3-[3 (2-phenyl ethyl) pyrazol-5-
yl}pyridinium chloride or a pharmaceutically acceptable salt thereof ;

vv) 1-(2-(S-methyl  2-thienyl)-2-0x0 ethyl)-3-[3-(3-phenoxy  propyl)pyrazol-5-
yllpyridinium chloride or a pharmaceutically acceptable salt thereof ;

ww) 1-(isopropyl)-3 [(3-phenylmethyl) pyrazol-5-yl] pyridinium bromide or a
pharmaceutically acceptable salt thereof ;

XX) 1-(2-(5-methyl-2-thienyl)-2-oxoethyi)—3—[(3 -thiophenylmethyl)pyrazol-5-
yl]pyridinium chloride or a prharmaceutically acceptable salt thereof ;

yy) 1-(2-thien-2’-yl-2-oxoethyl)~3[(3-(N-methyl-indole-3-yl  methyl) pyrazol-5-
ylJpyridinium chlorid or a phharmaceutically acceptable salt thereof ;

7z) 1-(2-napthyl-2-oxo-ethyl)-3[(3—methyl)pyrazol-5-yl]pyridinium bromide or a
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pharmaceutically acceptable salt thereof ;

aaa) 1-(2-(1,4 benzodioxane-6-yl-amino-2-oxoethyl)-3 [(3-phenylmethyl)
" pyrazol-5-yl] pyridiniium chloride or a pharmaceutically accepotable sait thereof ;
5
bbb) 1-(2-thien-2’-yl-2-oxo  ethyl)-3[(3-phenyl)pyrazol—5-y1]-5  bromo-
pyridinium chloride or a pharmaceutically acceptable salt ther-eof 5
cce) 1-(2-thien-2-‘yl)-2-oxoethyl)-3 [(3-phenyl)pyrazol-5-yR]quinolinium
10 chloride or a pharmaceutically acceptable salt thereof and
ddd) 3-[(3-phenyl)pyrazol-5-yl)]quinoline or a pharmace-utically acceptable
salt thereof .
15
18. Use of a compound represented by formula () or its pharmaceutically
acceptable salt
A—B
rz | O R1
R3 vy
R4
N~
N+
X R5
(1)
20

in the manufacture of a medicament useful for breaking accumul ated AGE in the
treatment of diabetic disorders and aging-related diseases caused by~ accumulation of
AGE

wherein,

25 Ry is hydrogen or selected from linear or branched (C,-C,,) alkyl, (C2—C;y2) alkenyl,
(Cs-C7)  cycloalkyl, (Cs-C7)  cycloalkenyl, bicycloalkyl, bicycloalkenyl,
heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl and wher<ein one or more
heteroatoms when present are independently selected from O, N, or S and is optionally
substituted, wherein the substituents are selected from a first group consisting of

30  halogen, hydroxy, nitro, cyano, aniino, oxo and oxime or from a second group
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pharmaceutically acceptable salt thereof:

aaa) 1-2-(1,4 benzodioxane-6-yl-amino-2-oxoethyl)-3 [(3-phenylmethyl) pyrazol -5-yl]

pyridanium chloride or a pharmaceutically acceptable salt thereof;

bbb) 1 -(2—thien-2’-yl-2-oxo ethyl) -3 ((3-phenyl)pyrazol-5-yl1]-5 bromo-pyridiniuma chloride or a

pharmaceutically acceptable salt thereof:

ccc)  1- (2—thien-2’-yl)-2-oxoethyl)-3 [(3-phenyl)pyrazol-5-yl] quinolinium chloride or a

pharrmaceutically acceptable salt thereof and
ddd) 3-[(3-phenyl)pyrazol-5-yl)) quinoline or a pharmaceutically acceptable salt thaereof.

18.  Use of a compound represented by formula (I) or its pharmaceutically acceptable salt, either

singly or in coombination with other drugs for anti-diabetic therapy

A—S
E(ﬁz/@)wr"“
R4 .
r
X~ RS

(D

in the manufactture of a medicament useful for breaking accumulated AGE in the treatment of
diabetic disorders and aging-related diseases caused by accumulation of
AGE

wherein,

R, is selected £rom linear or branched (C,;-C,,) alkyl, (C,-C, ,) alkenyl, (C;-C;) cycl oalkyl, (Cs-
Cy)cycloalkenyl ,  bicycloalkyl, bicycloalkenyl, heterocycloalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl aned wherein one or more heteroatoms when present are independently seslected from
O, N, or S and is optionally substituted, wherein the substituents are selected from a first group
consisting of hal ogen, hydroxy, nitro, cyano, amino, oxo and oxime or from a second group
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thioary]l wherein members of said group are optional 1y substituted by R10;

Rg and Ry are independently selected from the gro-up consisting of linear or branched
(Ci-Ci)alkyl, alkoxyaryl, alkoxyalkyl, alkoxycycloalkyl, alkoxyaryl, perhaloalkyl, (Ca-
Cip)alkenyl, . (C5-Cy)cycloalkyl, perhalocyeloalkyl, . halohetérocycloalkyl,
cyanoheterocycloalkyl, perhaloheterocycloalkyl, CGCs-Cq)cycloalkenyl, bicycloalkyl,
bicycloalkenyl, heterocycloalkyl, aryl, aralkyl, het-eroaryl, heteroaralkyl, perhaloaryl,
perhaloheteroaryl wherein substituents of said group zare optionally substituted by R,o;

Ry is selected from halogen, hydroxy, nitro, cyano, amino, oxo, perhaloalkyl (C;-Cg),

or oxime;

X is selected from group comprising of a halide ion, acetate ion, perchlorate ion,
sulfonate ion, oxalate ion, citrate ion, tosylate ion, maleate ion, mesylate ion, carbonate
ion, sulfite ion, phosphoric hydrogen ion, phosphorate ion, phosphate jon, BFs and
PF¢

provided when the groups / substituents are presen t on same or adjacent carbon or
nitrogen atoms they together may optionally form a five or a six or a seven membered
ring optionally containing one .or more double bonds and optionally containing one or

more heteroatoms selected from O, N, or S.

19. The use as claimed in claim 18 wherein said medzicament is useful in the treatment

of vascular and neurovascular disorders caused by accuimulation of AGE.

20. The use as claimed in claim 18 wherein said medi cament is useful in the treatment
of kidney disease, nerve damage, retinopathy, immmunological discorders, oxidative
stress, atherosclerosis, microangiopathy and endothelial dysfunctions caused by

accumulation of AGE.
21. The use as claimed in claim 18 wherein said m_edicament is useful AGE in the

treatment of alzeheimer disease, restenosis, abnorma.l tissue hindrance In peritoneal

dialysis and erectile dysfunction caused by accumulatiom of AGE.
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22.  The use as claimed in claim 18 wherein said medicament is useful in the treatment of
inflammatory discorders and discol«ration of teeth and other organ dysfunctions, caused by

accumulation of AGE.

23, The use as claimed in claim 18 wherein said compound used in the manufacture of

medicament is selected from the group consisting of:

a)1-(2-thien-2’-yl-2-oxoethyl)-3-[(3-phenyl methyl) pyrazol-5-yl] pyridinium bromide or a

pharmaceutically acceptable salt thereof;

b)l-(2-thien—2’-yl-2-oxoethyl)—3-[(3-phenyl methyl) oxazol-5-yl pyridinium bromide or a

pharmaceutically acceptable salt thereof:

¢)1-(2-thien-2’-yl-2-oxoethyl)-3-[3—{ 1-(2-thien-2’-yl)-2-oxoethyl pyridinium-4-thio} methyl-

pyrazol-5-yl] pyridinium bromide o»r a pharmaceutically acceptable salt thereof:

d)1-(2-thien-2’-yl-2-oxoethyl)-3-[3— { 1-(3,5-dimethylpyrazol-1-yl)methyl } pyrazol-5-yl] pyridinium

bromide or a pharmaceutically acce ptable salt thereof:

e)1-(2-thien-2’-yl-2-oxoethyl)-3-[ { 3-phenylmeth yl}-1-{2-pyridyl }-pyrazol-5-yl]-pyridinium

bromide or a pharmaceutically acce ptable salt thereof:

)1-(2-thien-2’-yl-2-oxoethyl)-3-[3 {(3 ,3-dimethylpyrazol- I-yl) methyl-1-pyridyl} pyrazol-5-yl]

pyridinium bromide or a pharmaceutically acceptable salt thereof:

g)1-[2-(cyclopropylamino)- 2-oxoethyl] 3-[3- {(3,5-dimethyl pyrazol- 1 -yl) methyl} -pyrazol-5-yl]-

pyridinium bromide or a pharmaceutically acceptable salt thereof;

h)1-{2-(4-nitro-2-thienyl)-2-oxoeth:y1} -3-[3 {(3,5-dimethylpyrazol- 1 -yl) ethyl} -pyrazol-5-yl]-

pyridinium bromide or a pharmaceutically acceptable salt thereof;

1) 1-(2-cyclopropylamino-2-oxoethy1)-3 [(3-phenylmethyl) pyrazol-5-yl] pyridinium chloride or a

pharmaceutically acceptable salt thesreof:
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13 ,5-bis- {1 -(2-thien-2’-yl-2-oxoethyl)-pyridinium-3-yl]-pyrazole dibromide and pharmaceutically

acceptable salts thereof or a pharmaceutically acceptaable salt thereof;

k)1-(2-thien-2°-yl-2-oxoethyl)-3 - [(1 -phenyl-3 -pheriylmethyl) pyrazol-5-yl]-pyridinium chloride

or a pharmaceutically acceptable salt thereof;

1-(2-(5’-methyl-2-thienyl)-2-oxoethyl)-3-[(3-phenyMmethyl)pyrazol-5 -y1] pyridinium chloride or a
pharmaceutically acceptable salt thereof;

m)1-(2-thien-2’-yl-2-oxoethyl) 3-[ 1 -phenyl,3-{(3 ,5—dimethyl pyrazol-1 -yl) methyl)} pyrazol-5-

yl]- pyridinium chloride or a pharmaceutically acceptaable salt thereof;

n)1-(2-phenyl-2-oxoethyl)-3 -[(3 —phenylmethy1) pyraazol-5-yl]- pyridinium bromide or a

pharmaceutically acceptable salt thereof;

0)1-(2-cyclopropylamino-2-oxoethyl) 3 -[( 1 -phenyl-3 -phenylmethyl) pyrazol-5-yl}-pyridinium

chloride or a pharmaceutically acceptable salt thereof;

P)I-(2-(4-benzyl- 1-piperidinyl)-2-oxoethyl) 3- [(3 -phe=noxymethyl) pyrazol-5-yl]-pyridinium

bromide or a pharmaceutically acceptable salt thereof’

q)1-(2-phenyl-2-oxoethyl)-3-[(3 -(3 ,5-dimethylpyrazo~1-1-yl) methyl) pyrazol-5-yl] -pyridinium

chloride or a pharmaceutically acceptable salt thereof;

D1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3 -[(3 ,-(3 ,5-d imethyl pyrazol-1-yl) methyl) pyrazol-5-yi]

pyridinium chloride or a pharmaceutically acceptable s alt thereof;

s)1-(2-phenyl-2-oxoethyl)-3-[( | -phenyl-3 -phenylmethhyl) pyrazol-5-yl] pyridinium chloride or a

pharmaceutically acceptable salt thereof;

t)1-(2-(5-methyl-2-thienyl)-2-oxoethyl)-3 -[(3 (2-cyclokexyl ethyl)pyrazol-5-yl]

pyridinium chloride or a pharmaceutically acceptable salt thereof:
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u)1-(2-cyclopropylamino-2-oxoethyl)-3-[(3-(2-cyclohexylethyl) pyrazol-5-yl] pyridi nium chloride

or a phaarmaceutically acceptable salt thereof;

v)I -(2-phenyl-2-oxoethyl)-3-[(3-(2-cyclohexylethyl) pyrazol-5-yl} pyridinium chloride or a

pharma-ceutically acceptable salt thereof;,

w)1-(2-cyclopropylamino-2-oxoethyl)-3-[(1-cyclohexyl-3-phenylmethyl) pyrazol5-y/i] pyridinium

chloride or a pharmaceutically acceptable salt thereof;

x)1-(2-thien-2’-yl-2-o0xoethyl)-3-[(3-phenoxymethyl) pyrazol-5-yl] pyridinium chloxide or a

pharmaceutically acceptable salt thereof;

y)I -[2- ( | -adamantylamino)-2-oxoethyl] -3- [(3-phenylmethyl) pyrazol-5-yl] pyri dinium chloride

or a phamaceutically acceptable salt thereof;

2) 1 -(Z-phenyl-2-oxoethyl)-3 - [{ 3-(3 ,5-dimethylpyrazol-1-yl)methyl) } | -phenylpyrazol-5-yl]

pyridinium bromide or a pharmaceutically acceptable salt thereof;

aa)1-(2-(4-nitro-2-thienyl)-2-oxoethyl)-3 -[(1 -cyclohexyl-3 -(3 ,5-dimethylpyrazol- 1 -yl)-methyl)

pyrazo1-5-yl] pyridinium bromide or a pharmaceutically acceptable salt thereof;

bb) 1 -q2-(4-nitro-2-thienyl)-2-oxoethyl)-3 [(3 -(2-cyclohexylethyl)pyrazol-5-yl] pyxridinium

bromidle or a pharmaceutically acceptable salt thereof;

cc) 1 -2-thien-2"-yl-2-oxoethyl)-3 - [(1 -phenyl-3 -phenoxymethyl) pyrazol-5-yl] pwyridinium

chloridle or a pharmaceutically acceptable salt thereof;

dd) 1 - (2-(4-nitro-2-thienyi)-2-oxoethyl)-3-[( 1 -phenyl-3-phenylmethyl) pyrazol-5- yllpyridinium

bromide or a pharmaceutically acceptable salt thereof;

ee) 1 -q2-cyclopropylamino-2-oxoethyl)-3-[(3 -phenoxymethyl) pyrazol-5 -yl] pyr-idinium chloride

or a phearmaceutically acceptable salt thereof;
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ff) 1 -(2-cyclopropylamino-2-oxoethyl)-3- [(1 -cyclohexyl-3 -(3 ,5-dimethylpyrozol
-l-ylymethyl)pyrazole-5-yl] pyridindum chloride or a pharmaceutically acceptable salt thereof:

g8) 1 -(2-(5-chloro-2-thienyl)-2-ox ©ethyl)-3 -[(3 -phenoxymethyl) pyrazol-5-yl] pyridinium bromide

or a pharmaceutically acceptable salt thereof;

hh) 1 -(2-phenyl-2-oxoethyl)-3 -[(1 -phenyl-3 -phenoxymethyl) pyrazol-5-yl] pyridinium chloride

or a pharmaceutically acceptable sa It thereof:

ii) 1 -(2-thien-2’ -yl-2-oxoethyl)-3 —[(1 -cyclohexyl-3-(3 ,5 -dimethylpyrazol- 1 -yl-

methyl)pyrazol-5-yl]pyridinium <hloride or a pharmaceutically acceptable salt thereof:

Jj) 1-(2-cyclopropylamino-2-oxoeth yl)-3-[( 1 -phenyl-3-phenoxymethyl) pyrazol-5-yl]lpyridinium

bromide or a pharmaceutically a<ceptable salt thereof;

kk) 1 -(2-thien-2’-yl-2-oxoethyl)-3- [( 1 -phenyl-3- (2-cyclohexylethyl) pyrazol-5-yl pyridinium

bromide or a pharmaceutically acceptable salt thereof:

)1 -(2-thien-2’-yl-2-oxoethyl)-3 -[C | -cyclohexyl-3 -phenoxymethyl) pyrazol-5-yl} pyridinium

chloride or a pharmaceutically acceptable salt thereof:

mm)3-[(3-phenylmethyl) pyrazol-5- yl] pyridine hydrochloride or a pharmaceutically acceptable salt

thereof;

nn) 3- [(3 -phenoxymethyl) pyrazol- 5-yl] pyridine hydrochloride or a pharmaceutically acceptable

salt thereof:

00) 3-[(3,5-dimethylpyrazol-1-yl-mesthyl) pyrazol-5-yl] pyridine or a pharmaceutically acceptable

salt thereof;,

pp) 3-[3 -(2-cyclohexyl-ethyl)-pyrazl-5 -yl] pyridine or a pharmaceutically acceptable salt thereof:
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qq) 1 -(2-napthyl-2-oxo ethyl)-3 [(3 -phenoxymethyl)pyraz ol-5-yl]pyridinium bromide or a
pharmaceutically acceptable salt thereof;

rr) 1 -(phenylmethyl)-3 [(3 -phenyl methyl)pyrazol-5-yl]pyidinium chloride or a pharmaceutically

acceptable salt thereof:

ss)l -(2-thien-2’-yi-2-oxoethyl)-3 [(3 (-1 -naphthyl)pyrazol—5-yl]pyridinium chloride or a

pharmaceutically acceptable salt thereof:

tt) 1 -(2-phenyl-2oxoethyl)-3 [3(thienyl-2-yl-methyl)pyrazol-5-yllpyridinium chiloride or a

pharmaceutically acceptable salt thereof;

uu) 1 -(2-(5-methyl-2-thienyl)-2-oxoethyl)-3 -3 (2-phenyl eethyl) pyrazol-5-yl] pyridinium chloride

or a pharmaceutically acceptable salt thereof;

vv) 1 -(2-(5-methyl 2-thienyl)-2-oxo ethyl)-3 - [3-(3 -phencxy propylpyrazol-5 -yl] pyridinium

chloride or a pharmaceutically acceptable salt thereof:

ww)1 -(isopropyl)-3 [(3-phenylmethyl)pyrazol-5-yl] pyridiciium bromide or a pharmaceutically

acceptable salt thereof;

xx) 1 -(2-(5-methyl-2-thienyl)-2-oxoethyl)-3- [(3 -thiophenzylmethyl)pyrazol-5-yl] pyridinium

chloride or a pharmaceutically acceptable salt thereof;

yy)l -(2-thien-2’ -yl-2-oxoethyl)-3 [(3-(N-methyl-indole-3-y/1 methyl) pyrazol-5-yl] pyridinium

chloride or a pharmaceutically acceptable salt thereof;

27) 1~(2-napthyl-2-oxo—ethyl)-3[(3-methyl)pyrazol-S-yl]pyr.-idinium bromide or a pharmaceutically

acceptable salt thereof;

aaa) 1 -(2-( 1,4 benzodioxane-6-yl-amino-2-oxoethyl)-3 [(3—phenylmethyl)pyrazol-5-ylJpyridinium

chloride or a pharmaceutically acceptable salt thereof:
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bbEd) 1 -(2-thien-2’-yl-2-0xo ethyl)-3 [(3-phenyl)pyrazol-5-yl]-5 bromo- pyriclinium chloride or a

pharmaceutically acceptable salt thereof;

ccc) 1-(2-thien-2’-yl)-2-oxoethyl)-3 [(3 -phenyl)pyrazol-5 -y1] quinolinium chhloride or a

pharmacentically acceptable salt thereof and

ddd)3-[(3-phenyl)pyrazol-5-yl)]quinoline or a pharmaceutically acceptable salt thereof;

24_ A compound represented by formula (1)

A—B
ra_r2 |O R
R4
o
N
X~ R5
a)

whaerein
R1 isalkyl or aryl group;
Y #is selected from the group consisting of sulfur, oxygen, nitrogen and alkyl;

A and B are independently selected from the group Gonsisting of nitrogeen, sulfur, oxygen and

carbon to form heteroaromatic ring system;
R2., R3 and R4 are independently selected from the group consisting of F, C1,_ Br, I, OR;, NO,, alkyl,

ary’1, heteroaryl, formyl, acyl, C(O)NR¢R;, C(O)ORs, NR¢R, N=C(R¢)(R7), SRs, SO;NR;, SO, alkyl
and SOsaryl;
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wherein R,, Ryand R, are optionally joined together to form a ring systern;

X is selected from group consisting of a halide ion, acetate ion, perchlorate ion, sulfonate ion,
oxalate ion, citrate ion, tosylate ion, maleate ion, mesylate ion, carbonates ion, sulfite ion, phosphoric

hydrogen ion, phosphonate ion, phosphate ion, BF, and PF

Rsis independently selected for the group consisting of alkyl and aryl, if” quaternized, otherwise both

Rsand X are null.

R¢ is independently selected from the group consisting of H, alkyl, aryl and heteroaryl provided R,s

may be different for R,, R;and R, in the same compound;

R; is independently selected from the group consisting of H, alkyl, aryl and heteroaryl and in each
case optionally different from substituent Ry, provided R; may be different for R,, R; and R, in the

same compound,

wherein “alkyl” represents an optionally substituted hydrocarbon growp joined by single carbon-
carbon bonds and having 1 to 8 carbon atoms Joined together which mmay be linear, branched or
cyclic, saturated or unsaturated and said substituents when present are selected from the group
consisting of F, Cl, Br, I, N, S, O and aryl with no more than three subsstituents present at the same
time,

and wherein “aryl” represents an optionally substituted aromatic group with at least one ring having

a conjugated pi-electron system, containing upto two conjugated or fused. ring systems

110

AMENDED SHEET



WO 02/085897 PCT/IB02/01137

with proviso that, when two alkyl groups are present on the sarme carbon or nitrogen atom, they are

optionally linked together to form a cyclic structure.

25.  The compound as claimed in claim 24, wherein the sa id aryl substituents when present are
selected from the group consisting of carbocyclic aryl, hetemocylic aryl and biaryl groups all of
which are optionally substituted and said substituents when ppresent are selected from the groups

consisting of F, Cl, Br, I, N, S,0 and straight chain or branched. C,-C¢hydrocarbon.

26. A pharmaceutical composition comprising the compound as defined in claim 24 or

its pharmaceutically acceptable salts in admixture with a pharmaceutically acceptable diluent,
carrier, solvent or excepient.

27. Use of a compound represented by the formula (I) as defined in claim 24 or its
pharmaceutically acceptable salts, either singly or with other dlrugs for anti-diabetic therapy, in the
manufacture of a medicament useful for the treatment of dlliabetic disorders and aging related

diseases caused by accumulation of AGE.

28. Use of one or more compounds as defined in claim 1 or 24 in the preparation of dialysis

fluid useful for peritoneal dialysis of a diabetic patient.

29. A compound according to claim 1 or claim 24, substantially as herein described and

exemplified.

30. A process according to claim 10, substantially as herein deescribed and exemplified.

31. A pharmaceutical composition according to claim 11 or claim 26, substantially as herein

described and exemplified.
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32. A method according to claim 15, substantially as herein described and exemplified.

33.  Use according to any one of claims 18, 23, 27 or 28, substantially as herein described and

exemplified.
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