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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to the aging of proteins resulting from their reaction with glucose and
other reducing sugars, and more particularly to the inhibition of the reaction of nonenzymatically glycosylated proteins
and the often resultant formation of advanced glycosylation (glycation) endproducts and cross-links.
[0002] The reaction between glucose and proteins has been known for some time. Its earliest manifestation was in
the appearance of brown pigments during the cooking of food, which was identified by Maillard in 1912, who observed
that glucose or other reducing sugars react with amino acids to form adducts that undergo a series of dehydrations
and rearrangements to form stable brown pigments. Further studies have suggested that stored and heat treated foods
undergo nonenzymatic browning as a result of the reaction between glucose and the polypeptide chain, and that the
proteins are resultingly cross-linked and correspondingly exhibit decreased bioavailability.
[0003] This reaction between reducing sugars and food proteins was found to have its parallel in vivo. Thus, the
nonenzymatic reaction between glucose and the free amino groups on proteins to form a stable, 1-deoxyketosyl adduct,
known as the Amadori product, has been shown to occur with hemoglobin, wherein a rearrangement of the amino
terminal of the beta-chain of hemoglobin by reaction with glucose, forms the adduct known as hemoglobin A1c. The
reaction has also been found to occur with a variety of other body proteins, such as lens crystallins, collagen and nerve
proteins. See Bucala et al., "Advanced Glycosylation; Chemistry, Biology, and Implications for Diabetes and Aging" in
Advances in Pharmacology, Vol. 23, pp. 1-34, Academic Press (1992).
[0004] Interestingly, the aging of collagen can be mimicked in vitro by the cross-linking induced by glucose; and the
capture of other proteins and the formation of adducts by collagen, also noted, is theorized to occur by a cross-linking
reaction, and is believed to account for the observed accumulation of albumin and antibodies in kidney basement
membrane.
[0005] In U.S. Patent 4,758,583, a method and associated agents were disclosed that served to inhibit the formation
of advanced glycosylation endproducts by reacting with an early glycosylation product that results from the original
reaction between the target protein and glucose. Accordingly, inhibition was postulated to take place as the reaction
between the inhibitor and the early glycosylation product appeared to interrupt the subsequent reaction of the glyco-
sylated protein with additional protein material to form the cross-linked late-stage product. One of the agents identified
as an inhibitor was aminoguandine, and the results of further testing have borne out its efficacy in this regard.
[0006] U.S. Patent 4,036,632 discloses the compound 3,4-diamino-6-phenyl-1,2,4-triazine-5-one in combination with
a dispersible carrier vehicle for use as a herbicidal agent.
[0007] Eid, Mohga M. et al. Egypt. J. Pharm. Sci vol. 31 no. 1-4 pp. 337-342 (1990) and Chemical Abstracts, vol.
114, no. 5, 4 Feb 91 abs. no. 42738z describes the preparation of 6-(3,4 dimethoxybenzyl)-3-hydrazino-4-amino-4,5-di-
hydro-1,2,4-triazin-5-one as a synthetic intermediate.
[0008] Daunis et al., Bulletin de la Société Chimique de France 3-4, pp. 857-863 (1975) describes the preparation
of the methyl and the ethyl esters of 6-carboxylic acid-3,4-diamino-3,4-dihydro 1,2,4-triazine-5-one as a synthetic in-
termediate.
[0009] Lavergne. J.P. et al. J. Het. Chem. 12, 1095-1101 (1975) describes the preparation of 6-methyl-3,4-diamino-
4,5-dihydro-1,2,4 triazine-5-one as a synthetic intermediate.
[0010] Elguero et al., J. Chem. Soc. Perkin Trans I, 2037-2049 (1986) describes the preparation of 6-methyl-4-amino-
3-hydrazino-1,2,4-triazine-5-one as a synthetic intermediate.
[0011] Chemical Abstracts, vol. 125, no. 14, 30 September 1996, abstract no. 184106t, Borrell, J.I. et al. describes
palladium complexes of 4-amino-3-hydrazino-1,2,4-triazin-5(4H)-ones, whose free ligands were said to show a high
cytolytic index and a moderate cytostatic activity.
[0012] Chemical Abstracts, vol. 87, no. 7, 15 August 1977 abastract no. 58234g, Bierowska-Charytonowicz, Dorota
et al. describes the preparation of an iminotriazine.
[0013] WO 92/11853 describes the use of amino-substituted pyrimidines and their corresponding 3-oxides in com-
positions for the inhibition of the advanced glycosylation of proteins.
[0014] WO 94/11490 describes the use of substituted triazines as macrophage stimulants to activate a macrophage
to effect removal of advanced glycosylation end products.
[0015] U.S. 4,758,583 describes the use of a composition capable of inhibiting the formation of advanced glycosyla-
tion end products of target proteins by reacting with the carbonyl moiety of the early glycosylation product of such
target proteins formed by their initial glycosylation.
[0016] While the success that has been achieved with aminoguanidine and similar compounds is promising, a need
continues to exist to identify and develop additional inhibitors that broaden the availability and perhaps the scope of
this potential activity and its diagnostic and therapeutic utility.
[0017] In accordance with the present invention, there is disclosed a compound, a composition and a use of a com-
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pound for the manufacture or a medicament for the inhibition of the advanced glycosylation of proteins (protein aging).
In particular, the compositions comprise agents for inhibiting nonenzymatic cross-linking (protein aging) due to the
formation of advanced glycosylation (glycation) endproducts. The agents may be selected from those materials capable
of reacting with an early glycosylation product from the reaction of glucose with proteins and preventing further reac-
tions. Cross-linking caused by other reactive sugars present in vivo or in foodstuffs, including ribose, galactose and
fructose would also be prevented by the compounds and compositions of the present invention.
[0018] According to a first aspect of the present invention there is provided a compound as set out in claim 1 for
improving the elasticity or reducing wrinkles of the skin, treating (ii) diabetes, treating or preventing (iii) hypertension,
(iv) adverse sequelae of diabetes, (v) diabetic kidney damage, (vi) damage to blood vasculature, (vii) retinopathy, (viii)
damage to lens proteins, (ix) cataracts, (x) peripheral neuropathy, (xi) osteoarthritis, or (xii) damage to a tissue in vivo
caused by contact with elevated levels of reducing sugars.
[0019] According to another aspect of the present invention there is provided a pharmaceutical composition including
the compound of claim 1 and a pharmaceutically acceptable carrier, with the provisos, with respect to the said com-
pound, that: when R is NH2, R' is not -CH2-C6H3-3,4(OCH3)2, and when R is H, R' is not -C(O)R" when R" is C1 or C2
alkoxy. These provisos are present with respect to disclosures in, respectively, the Mohga. M. Eid et al. and the Daunis
et al. references acknowledged above.
[0020] According to another aspect of the present invention there is provided a use of a triazine compound for the
manufacture of a medicament for, in an animal, (I) improving the elasticity or reducing wrinkles of the skin, treating (ii)
diabetes, or treating or preventing (iii) hypertension, (vi) adverse sequelae of diabetes, (v) diabetic kidney damage,
(vi) damage to blood vasculature, (vii) retinopathy, (viii) damage to lens proteins, (ix) cataracts, (x) peripheral neurop-
athy, (xi) osteoarthritis, or (xii) damage to a tissue caused by contract with elevated levels of reducing sugars, the
triazine compound being as set out in claim 1, except when R' is a (C1 to C6) alkyl group, it is optionally substituted
by the said one or more hydroxy groups and the said group of formula -C(O)R2, where R2, has the meaning set out in
claim 1.
[0021] Preferred features of the present invention are set in the dependent claims.
[0022] The compounds, and their compositions, utilized in this invention appear to react with an early glycosylation
product thereby preventing the same from later forming the advanced glycosylation end products which lead to protein
cross-links, thereby, to protein aging.
[0023] The compounds and compositions of the present invention can be employed in a method for inhibiting protein
aging by contacting the initially glycosylated protein at the stage of the early glycosylation product with a quantity of
one or more of the agents of the present invention, or a composition containing the same. In the instance where the
method has industrial application, one or more of the agents may be applied to the proteins in question, either by
introduction into a mixture of the same in the instance of a protein extract, or by application or introduction into foodstuffs
containing the protein or proteins, all to prevent premature aging and spoilage of the particular foodstuffs.
[0024] The ability to inhibit the formation of advanced glycosylation endproducts carries with it significant implications
in all applications where protein aging is a serious detriment. Thus, in the area of food technology, the retardation of
food spoilage would confer an obvious economic and social benefit by making certain foods of marginal stability less
perishable and therefore more available for consumers. Spoilage would be reduced as would the expense of inspection,
removal, and replacement, and the extended availability of the foods could aid in stabilizing their price in the market-
place. Similarly, in other industrial applications where the perishability of proteins is a problem, the admixture of the
agents of the present invention in compositions containing such proteins would facilitate the extended useful life of the
same. Presently used food preservatives and discoloration preventatives such as sulfur dioxide, known to cause toxicity
including allergy and asthma in animals, can be replaced with compounds such as those described herein.
[0025] The method has particular therapeutic application as the Maillard process acutely affects several of the sig-
nificant protein masses in the body, among them collagen, elastin, lens proteins, and the kidney glomerular basement
membranes. These proteins deteriorate both with age (hence the application of the term "protein aging") and as a
consequence of diabetes. Accordingly, the ability to either retard or substantially inhibit the formation of advanced
glycosylation endproducts carries the promise of treatment for diabetes and, of course, improving the quality and,
perhaps, duration of animal life.
[0026] The present agents are also useful in the area of personal appearance and hygiene, as they prevent the
staining of teeth by cationic anti-microbial agents with anti-plaque properties, such as chlorhexidine.
[0027] Accordingly, it is a principal object of the present invention to provide compound and compositions for inhibiting
the extensive cross-linking of proteins that occurs as an ultimate consequence of the reaction of the proteins with
glucose and other reactive sugars, by correspondingly inhibiting the formation of advanced glycosylation endproducts.
[0028] It is a further object of the present invention to provide compounds and compositions as aforesaid which is
characterized by a reaction with an initially glycosylated protein identified as an early glycosylation product.
[0029] It is a further object of the present invention to provide compounds and compositions as aforesaid which
prevents the rearrangement and cross-linking of the said early glycosylation products to form the said advanced gly-
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cosylation endproducts.
[0030] It is a yet further object of the present invention to provide agents capable of participating in the reaction with
the said early glycosylation products in the means as aforesaid.
[0031] It is a still further object of the present invention to provide compounds and compositions for inhibiting the
discoloration of teeth by resort to the aforesaid means and agents.
[0032] It is a still further object of the present invention to provide compositions including pharmaceutical composi-
tions, all incorporating the agents of the present invention.
[0033] It is still further object of the present invention to provide compounds for use in the compositions of the present
invention.
[0034] Other objects and advantages will become apparent to those skilled in the art from a consideration of the
ensuing description.
[0035] In accordance with the present invention, agents, and pharmaceutical compositions containing said agents
have been developed which are believed to inhibit the formation of advanced glycosylation endproducts in a number
of target proteins existing in both animals and plant material.
[0036] The alkyl groups referred to above contain 1-6 carbon atoms and include methyl, ethyl, propyl, butyl, pentyl,
hexyl, and the corresponding branched-chain isomers thereof. The alkylene groups likewise contain from 2 to 6 carbon
atoms, and are exemplified by ethylene, propylene, butylene, pentylene, hexylene, and the corresponding branched
chain isomers thereof. These groups are, or are optionally, substituted by one or more hydroxy groups, or a group of
the formula

wherein R" is hydroxy, a (C1 to C6) alkoxy group, an aryl group optionally substituted by a (C1 to C6) alkoxy group,
or a group of the formula -NR'''NH2 wherein R"' is hydrogen or a methyl group.
These substituted carbonyl compounds are thus carboxy, alkoxycarbonyl, arylcarbonyl or hydrazinylcarbonyl com-
pounds wherein the alkyl portion contains from 1 to 6 carbon atoms as described hereinabove. Similarly, the aryl portion
is as defined hereinbelow.
[0037] The aryl groups encompassed by the above formula are those containing 6-10 carbon atoms, such as naph-
thyl, phenyl and lower alkyl substituted-phenyl, e.g., tolyl and xylyl, and are optionally substituted by 1-3 hydroxy, lower
alkoxy or nitro groups. Preferred aryl groups are phenyl and methoxyphenyl groups.
[0038] Where the possibility exists for substitution of a phenyl or aryl ring, the position of the substituents may be
ortho, meta, or para to the point of attachment of the phenyl or aryl ring to the nitrogen of the hydrazine group.
[0039] The cycloalkyl groups contain from 3 to 7 carbon atoms, and are typified by cyclopropyl, cyclobutyl, cy-
clopentyl, cyclohexyl, and cycloheptyl, optionally substituted by one or more lower alkyl groups.
[0040] The heteroaryl groups of the compounds of formula I contain from 5 to 6 ring atoms, of which 1 to 3 are
selected from the group consisting of oxygen, nitrogen and sulfur. Representative of such groups are 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-thienyl, 3-thienyl, 2-furanyl, 3-furanyl, 2-pyrrolyl, and 3-pyrrolyl, optionally substituted by one or more lower
alkyl groups.
[0041] The alkoxy groups contain 1-6, and preferably 1-3, carbon atoms and are illustrated by methoxy, ethoxy, n-
propoxy, isopropoxy and the like.
[0042] For the purposes of this invention equivalent to the compounds of formula (I) are the biologically and phar-
maceutically acceptable acid addition salts thereof. Such acid addition salts may be derived from a variety of organic
and inorganic acids such as sulfuric, phosphoric, hydrochloric, hydrobromic, sulfamic, citric, lactic, maleic, succinic,
tartaric, cinnamic, acetic, benzoic, gluconic, ascorbic, methanesulfonic and related acids.
[0043] Of the compounds encompassed by Formula I, certain substituents are preferred. For instance, the com-
pounds wherein R is a alkyl group, and particularly those wherein R is a methyl group, are preferred.
[0044] Representative compounds of the present invention are:

3,4-diamino-6-methyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-ethyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-benzyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(2-thienyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(3,4-dimethoxystyryl)-1,2,4-triazine-5(4H)-one;



EP 0 889 884 B1

5

10

15

20

25

30

35

40

45

50

55

5

3,4-diamino-6-(2'-nitrobenzyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(2'-carboxyethyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-isopropyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(2-methypropyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-propyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-butyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(1-methylpropyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-cyclopropyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-phenethyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-carboxyethyl-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(2'-ethoxycarbonylethyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(1'-ethoxycarbonylethyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(1'-ethoxycarbonylheptyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(3'-methoxyphenylcarbonylmethylene)-1,2,4-triazine-5(4H)-one;
6-(3,4-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide;
3-[6'-(3',4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]-propionic hydrazide;
2-methyl-6'-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide;
3,4-diamino-6-(1',1'-dimethyl-2'-hydroxyethyl)-1,2,4-triazine-5(4H)-one;
4-amino-3-hydrazino-6-methyl-1,2,4-triazine-5(4H)-one;
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one;
4-amino-3-hydrazino-1,2,4-triazine-5(4H)-one; and their biologically and

pharmaceutically acceptable salts.
[0045] The above compounds are capable of inhibiting the formation of advanced glycosylation endproducts on
target proteins. The cross-linking of the protein to form the advanced glycosylation endproduct contributes to the en-
trapment of other proteins and results in the development in vivo of conditions such as reduced elasticity and wrinkling
of the skin, certain kidney diseases, atherosclerosis, osteoarthritis and the like. Similarly, plant material that undergoes
nonenzymatic browning deteriorates and, in the case of foodstuffs, become spoiled or toughened and, consequently,
inedible. Thus, the compounds employed in accordance with this invention inhibit this late-stage Maillard effect and
intervene in the deleterious changes described above.
[0046] The rationale of the present invention is to use agents which block the post-glycosylation step, i.e., the for-
mation of fluorescent chromophores, the presence of which chromophores is associated with, and leads to adverse
sequelae of diabetes and aging. An ideal agent would prevent the formation of the chromophore and its associate
cross-links of proteins to proteins and trapping of proteins on the other proteins, such as occurs in arteries and in the
kidney.
[0047] The chemical nature of the early glycosylation products with which the compounds of the present invention
are believed to react may vary, and accordingly the term "early glycosylation product(s)" as used herein is intended to
include any and all such variations within its scope. For example, early glycosylation products with carbonyl moieties
that are involved in the formation of advanced glycosylation endproducts, and that may be blocked by reaction with
the compounds of the present invention, have been postulated. In one embodiment, it is envisioned that the early
glycosylation product may comprise the reactive carbonyl moieties of Amadori products or their further condensation,
dehydration and/or rearrangement products, which may condense to form advanced glycosylation endproducts. In
another scenario, reactive carbonyl compounds, containing one or more carbonyl moieties (such as glycolaldehyde,
glyceraldehyde or 3-deoxyglucosone) may form from the cleavage of Amadori or other early glycosylation endproducts,
and by subsequent reactions with an amine or Amadori product, may form carbonyl containing advanced glycosylation
products such as alkylformyl-glycosylpyrroles.
[0048] The compositions useful in the present invention comprise or contain agents capable of reacting with the
active carbonyl intermediate of an early glycosylation product. Suitable agents are the compounds of Formula I of the
present invention. The present invention likewise relates to agents for inhibiting the formation of advanced glycosylation
endproducts of the target proteins. In the instance where the target proteins are contained in foodstuffs, whether of
plant or animal origin, these foodstuffs could have applied to them by various conventional means a composition con-
taining the present agents.
[0049] In the food industry, sulfites were found years ago to inhibit the Maillard reaction and are commonly used in
processed and stored foods. Recently, however, sulfites in food have been implicated in severe and even fatal reactions
in asthmatics. As a consequence, the sulfite treatment of fresh fruits and vegetables has been banned. The mechanism
for the allergic reaction is not known. Accordingly, the present compositions and agents offer a nontoxic alternative to
sulfites in the treatment of foods in this manner.
[0050] As is apparent from a discussion of the environment of the present invention, the present compounds and
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compositions hold the promise for arresting the aging of key proteins both in animals and plants, and concomitantly,
conferring both economic and medical benefits as a result thereof. In the instance of foodstuffs, the administration of
the present composition holds the promise for retarding food spoilage thereby making foodstuffs of increased shelf life
and greater availability to consumers. Replacement of currently-used preservatives, such as sulfur dioxide known to
cause allergies and asthma in humans, with non-toxic, biocompatible compounds is a further advantage of the present
invention.
[0051] The therapeutic implications of the present invention relate to the arrest of the aging process which has, as
indicated earlier, been identified in the aging of key proteins by advanced glycosylation and cross-linking. Thus, body
proteins, and particularly structural body proteins, such as collagen, elastin, lens proteins, nerve proteins, kidney
glomerular basement membranes and other extravascular matrix components would all benefit in their longevity and
operation from the practice of the present invention. The present invention thus reduces the incidence of pathologies
involving the entrapment of proteins by cross-linked target proteins, such as retinopathy, cataracts, diabetic kidney
disease, glomerulosclerosis, peripheral vascular disease, arteriosclerosis obliterans, peripheral neuropathy, stroke,
hypertension, atherosclerosis, osteoarthritis, periarticular rigidity, loss of elasticity and wrinkling of skin, stiffening of
joints, glomerulonephritis, etc. Likewise, all of these conditions are in evidence in patients afflicted with diabetes mel-
litus. Thus, the compounds and compositions can be employed in a present therapeutic method relevant to treatment
of the noted conditions in patients either of advanced age or those suffering from one of the mentioned pathologies.
[0052] Protein cross-linking through advanced glycosylation product formation can decrease solubility of structural
proteins such as collagen in vessel walls and can also trap serum proteins, such as lipoproteins to the collagen. Also,
this may result in increased permeability of the endothelium and consequently covalent trapping of extravasated plasma
proteins in subendothelial matrix, and reduction in susceptibility of both plasma and matrix proteins to physiologic
degradation by enzymes. For these reasons, the progressive occlusion of diabetic vessels induced by chronic hyper-
glycemia has been hypothesized to result from excessive formation of glucose-derived cross-links. Such diabetic mi-
crovascular changes and microvascular occlusion can be effectively prevented by chemical inhibition of advanced
glycosylation product formation utilizing a composition and compounds of the present invention.
[0053] Studies indicate that the development of chronic diabetic damage in target organs is primarily linked to hy-
perglycemia so that tight metabolic control would delay or even prevent end-organ damage. See Nicholls et al., Lab.
Invest., 60, No. 4, p. 486 (1989), which discusses the effects of islet isografting and aminoguanidine in murine diabetic
nephropathy. These studies further evidence that aminoguanidine diminishes aortic wall protein cross-linking in diabetic
rats and confirm earlier studies by Brownlee et al., Science, 232, pp. 1629-1632 (1986) to this additional target organ
of complication of diabetes. Also, an additional study showed the reduction of immunoglobulin trapping in the kidney
by aminoguanidine (Brownlee et al., Diabetes, 35, Suppl. 1, p. 42A (1986)).
[0054] Further evidence in the streptozotocin-diabetic rat model that aminoguanidine administration intervenes in
the development of diabetic nephropathy was presented by Brownlee et al., 1988, supra, with regard to morphologic
changes in the kidney which are hallmarks of diabetic renal disease. These investigators reported that the increased
glomerular basement membrane thickness, a major structural abnormality characteristic of diabetic renal disease, was
prevented with aminoguanidine.
[0055] Taken together, these data strongly suggest that inhibition of the formation of advanced glycosylation end-
products (AGEs), by the teaching of the present invention, may prevent late, as well as early, structural lesions due to
diabetes, as well as changes during aging caused by the formation of AGEs.
[0056] Diabetes-induced changes in the deformability of red blood cells, leading to more rigid cell membranes, is
another manifestation of cross-linking and aminoguanidine has been shown to prevent it in vivo. In such studies, New
Zealand White rabbits, with induced, long-term diabetes are used to study the effects of a test compound on red blood
cell (RBC) deformability (df). The test compound is administered at a rate of 100 mg/kg by oral gavage to diabetic
rabbits.
[0057] A further consequence of diabetes is the hyperglycemia-induced matrix bone differentiation resulting in de-
creased bone formation usually associated with chronic diabetes. In animal models, diabetes reduces matrix-induced
bone differentiation by 70%.
[0058] In the instance where the compositions of the present invention are utilized for in vivo or therapeutic purposes,
it may be noted that the compounds or agents used therein are biocompatible. Pharmaceutical compositions may be
prepared with a therapeutically effective quantity of the agents or compounds of the present invention and may include
a pharmaceutically acceptable carrier, selected from known materials utilized for this purpose. Such compositions may
be prepared in a variety of forms, depending on the method of administration. Also, various pharmaceutically acceptable
addition salts of the compounds of Formula I may be utilized.
[0059] A liquid form would be utilized in the instance where administration is by intravenous, intramuscular or intra-
peritoneal injection. When appropriate, solid dosage forms such as tablets, capsules, or liquid dosage formulations
such as solutions and suspensions, etc., may be prepared for oral administration. For topical or dermal application to
the skin or eye, a solution, a lotion or ointment may be formulated with the agent in a suitable vehicle such as water,
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ethanol, propylene glycol, perhaps including a carrier to aid in penetration into the skin or eye. For example, a topical
preparation could include up to about 10% of the compound of Formula I. Other suitable forms for administration to
other body tissues are also contemplated.
[0060] In the instance where the present compounds and compositions have therapeutic application, the animal host
intended for treatment may have administered to it a quantity of one or more of the agents, in a suitable pharmaceutical
form. Administration may be accomplished by known techniques, such as oral, topical and parenteral techniques such
as intradermal, subcutaneous, intravenous or intraperitoneal injection, as well as by other conventional means. Ad-
ministration of the agents may take place over an extended period of time at a dosage level of, for example, up to
about 30 mg/kg.
[0061] As noted earlier, the invention also extends to agents useful for inhibiting the discoloration of teeth resulting
from nonenzymatic browning in the oral cavity.
[0062] The nonenzymatic browning reaction which occurs in the oral cavity results in the discoloration of teeth. Pres-
ently used anti-plaque agents accelerate this nonenzymatic browning reaction and further the staining of the teeth.
Recently, a class of cationic anti-microbial agents with remarkable anti-plaque properties have been formulated in oral
rinses for regular use to kill bacteria in the mouth. These agents, the cationic antiseptics, include such agents as
alexidine, cetyl pyridinium chloride, chlorhexidine gluconate, hexetidine, and benzalkonium chloride.
[0063] Tooth staining by chlorhexidine and other anti-plaque agents apparently results from the enhancement of the
Maillard reaction. Nordbo, J. Dent. Res., 58, p. 1429 (1979) reported that chlorhexidine and benzalkonium chloride
catalyze browning reactions in vitro. Chlorhexidine added to mixtures containing a sugar derivative and a source of
amino groups underwent increased color formation, attributed to the Maillard reaction. It is also known that use of
chlorhexidine results in an increased dental pellicle. Nordbo proposed that chlorhexidine resulted in tooth staining in
two ways: first, by increasing formation of pellicle which contains more amino groups, and secondly, by catalysis of
the Maillard reaction leading to colored products.
[0064] The compounds of Formula I are formulated into compositions adapted for use in the oral cavity. Particularly
suitable formulations are oral rinses and toothpastes incorporating the active agent.
[0065] In the practice of this invention, conventional formulating techniques are utilized with nontoxic, pharmaceuti-
cally acceptable carriers typically utilized in the amounts and combinations that are well-known for the formulation of
such oral rinses and toothpastes.
The agent of Formula I is formulated in compositions in an amount effective to inhibit the formation of advanced glyc-
osylation endproducts. This amount will, of course, vary with the particular agent being utilized and the particular dosage
form, but typically is in the range of 0.01% to 1.0%, by weight, of the particular formulation.
[0066] Certain of the compounds encompassed by Formula I are novel compounds which can be prepared by mod-
ifications of chemical syntheses well-known in the art. These compounds are those compounds of formula I wherein
the R group is an amino group, with the proviso that when R'is a lower alkyl group, it is substituted as defined in formula
I hereinabove and the compounds of formula I wherein the R group is hydrogen, with the proviso that when R'is a lower
alkyl group, it is substituted by hydroxy or a group of the formula

wherein R" is hydroxy, a lower alkoxy group, an aryl group optionally substituted by a lower alkoxy group, or a
group of the formula -NR'"NH2 wherein R"' is hydrogen or a methyl group; . These compounds can be represented by
the structural formula (Ia):
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wherein when R is an amino group, then
R' is a (C3 to C7) cycloalkyl group;

an aralkyl group wherein the alkyl portion contains from 1 to 6 carbon atoms, and the aryl portion has from
6 to 10 ring atoms and is optionally substituted by one to three hydroxy, lower alkoxy or nitro groups;

a heteroaryl group having from 5 to 6 ring atoms containing from 1 to 3 heteroatoms selected from the
group consisting of sulfur, oxygen and nitrogen;

a group of the formula

wherein R" is hydroxy, a (C1 to C6) alkoxy group, a (C6 to C10) aryl group optionally substituted by a (C1 to C6)
alkoxy group, or a group of the formula -NR'''NH2 wherein R''' is hydrogen or a methyl group; or

a (C1 to C6) alkyl or (C2 to C6) alkylene group, optionally substituted by hydroxy or a group of the formula

wherein R" is hydroxy, a (C1 to C6) alkoxy group, a (C6 to C10) aryl group optionally substituted by a (C1 to C6)
alkoxy group, or a group of the formula -NR'''NH2 wherein R''' is hydrogen or a methyl group;
or when R is hydrogen; then

R' is a (C3 to C7) cycloalkyl group;
a group of the formula

wherein R" is hydroxy a (C1 to C6) alkoxy group, a (C6 to C10) aryl group optionally substituted by a (C1 to C6)
alkoxy group, or a group of the formula -NR'''NH2 wherein R''' is hydrogen or a methyl group; or

a (C1 to C6) alkyl group or a (C2 to C6) alkylene group, optionally substituted by hydroxy or a group of the
formula

wherein R" is hydroxy, a (C2 to C6) alkoxy group, a (C6 to C10) aryl group optionally substituted by a (C1 to C6)
alkoxy group, or a group of the formula -NR'"NH2 wherein R"' is hydrogen or a methyl group;

with the proviso that when R' is a (C1 to C6) alkyl group, then it must be a substituted;
and their biologically or pharmaceutically acceptable acid addition salts.
[0067] The following compounds of the present invention are thus novel and heretofore unknown in the prior art:

3,4-diamino-6-(3,4-dimethoxystyryl)-1,2,4-triazine-5(4H)-one hydrochloride;
3,4-diamino-6-(2'-carboxyethyl)-1,2,4-triazine-5(4H)-one hydrochloride;
3,4-diamino-6-cyclopropyl-1,2,4-triazine-5(4H)-one hydrochloride;
3,4-diamino-6-carboxyethyl-1,2,4-triazine-5(4H)-one hydrochloride;
3,4-diamino-6-(2'-ethoxycarbonylethyl)-1,2,4-triazine-5(4H)-one hydrochloride;
3,4-diamino-6-(1'-ethoxycarbonylethyl)-1,2,4-triazine-5(4H)-one hydrochloride;
3,4-diamino-6-(1'-ethoxycarbonylheptyl)-1,2,4-triazine-5(4H)-one hydrochloride;
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3,4-diamino-6-(3'-methoxyphenylcarbonylmethylene)-1,2,4-triazine-5(4H)-one;
6-(3,4-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide;
6-(3,4-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide hydrochloride;
3-[6'-(3',4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]-propionic hydrazide;
2-methyl-6'-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide;
3,4-diamino-6-(1',1'-dimethyl-2'-hydroxyethyl)-1,2,4-triazine-5(4H)-one hydrochloride; and
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one.

[0068] The compounds of formula I can be prepared according to the methods described in Dornow et al., Chem.
Ber. 97:2647 and 2173 (1964), Veda et al., Chem. Pharm. Bul. (1964), 12, 100, J. Chem Soc., Perkin Trans., 1(12),
2037-2049 (1986). or those of U. S. Patents 4,036,632 and 3,961,936, or as shown in the various schemes below.
These references, in particular, describe the preparation of the compounds of formula I wherein R is hydrogen. The
triazines of formula I wherein R' is other than a (C1 to C6) alkyl group substituted by a C(O)R wherein R" is a hydrazine
or methylhydrazine group can be prepared by the synthetic route shown below in Scheme I.
[0069] In the synthetic route shown as Scheme I, the appropriate pyruvic acid derivative of formula II wherein R'* is
a cycloalkyl group; an aralkyl group wherein the alkyl portion contains from 1 to 6 carbon atoms, and the aryl portion
is optionally substituted by 1 to three hydroxy, lower alkoxy or nitro groups; a heteroaryl group containing from 1 to 3
heteroatoms selected from the group consisting of sulfur, oxygen and nitrogen;a group of the formula

wherein R" is hydroxy, a lower alkoxy group, an aryl group optionally substituted by a lower alkoxy group;
a lower alkyl group, optionally substituted by hydroxy or a group of the formula

wherein R" is hydroxy, a lower alkoxy group, an aryl group optionally substituted by a lower alkoxy group, and X is a
hydroxy, ethoxy or sodium salt of the hydroxide, is reacted with a 1,3-diaminoguanidine acid addition salt to afford the
desired compound of formula I wherein R' is other than a lower alkyl group substituted by a C(O)R" wherein R" is a
hydrazine or methylhydrazine group. This reaction is typically conducted in an alkanol or aqueous alkanol solvent, at
the reflux temperature of the solvent system. Typical reaction times vary according to the precise nature of the particular
reactants, but are usually in the range of 12-36 hours.

Scheme I

Synthesis of 3,4-diamino-6-substituted-1,2,4-triazin-5(4H)-ones

[0070]

[0071] The compounds of formula I wherein R' is a lower alkyl group substituted by a C(O)R" wherein R" is a hydrazine
or methylhydrazine group can be prepared by the synthetic route shown below in Scheme II.
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[0072] In this synthetic route, a compound of formula I wherein R' is an alkoxycarbonyl group is utilized as the starting
material to prepare the corresponding compound of formula I wherein R' is a lower alkyl group substituted by a C(O)
R" wherein R" is a hydrazine or methylhydrazine group. Typically, the compound of formula I wherein R' is an alkoxy-
carbonyl group is treated with anhydrous hydrazine or methylhydrazine and water at reflux temperatures. Typical times
vary from about 0.5 to 3 hours. Preferably, the resultant product, which is the free base, is converted to the acid addition
salt, preferably one such as the hydrochloride, without isolation. The salt form is then crystallized to give the desired
product.

Scheme II

Synthesis of 6-(3',4'-Diamino-5(4H)-one-1,2,4-triazinyl)-hydrazide)

[0073]

[0074] The compounds of formula I wherein R' is a lower alkyl group substituted by a hydroxy group can also be
prepared by the synthetic route shown in Scheme III. In this scheme, a dihydro-4,4-dimethyl-2,3-furandione is utilized
in place of the compound of formula II of Scheme I. Other reaction conditions are generally similar. Thus afforded are
the particular hydroxyalkyl compounds wherein the lower alkyl group is an ethyl or propyl group, optionally substituted
by one or more lower alkyl groups.

Synthesis of 3,4-Diamino- 6-(1',1'-dimethyl-2'-hydroxyethyl)-1,2,4-triazin-5(4H)-one hydrochloride

[0075]

[0076] The following examples are illustrative of the invention.

EXAMPLE I

General Procedure for the Synthesis of 3,4-diamino-6- substituted-1,2,4-triazin-5(4H)-ones

[0077] A mixture of 1, 3 - diaminoguanidine monohydrochloride (10 mmole) and the appropriate pyruvic acid deriv-
ative of formula II (10 mmole) were refluxed in ethanol (25 ml). Water was added dropwise until the reaction mixture
formed a clear solution. This solution was then refluxed overnight, and then cooled to room temperature. The desired
product, which separated upon standing, was filtered, dried and crystallized from an ethanol/water mixture. In the case
where no product separated, the mixture was evaporated to dryness and the residue was crystallized from ethanol/
water mixture.
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[0078] When the sodium salt of the pyruvic acid derivative of formula II was used as a starting material, the resultant
product was usually in the form of the free base. This free base form could then be converted into the corresponding
hydrochloride salt by treatment of the free base with 2N hydrochloric acid.
[0079] The reaction was typically carried out using ethanol as the solvent system when the derivative of pyruvic acid
of formula II was an ester (X= ethoxy) was used.
[0080] Using the following pyruvic acid derivatives of formula II as starting materials, the compounds of formula I,
described in Table 1, were prepared:

(1) pyruvic Acid
(2) 4-hydroxyphenylpyruvic acid
(3) 2-ketobutyric acid
(4) phenylpyruvic acid
(5) 2-thiopheneglyoxylic acid
(6) 2-(3,4-dimethoxystyryl)glyoxylic acid
(7) 2-nitrophenyl pyruvic acid
(8) 2-ketoglutaric acid
(9) 2-methyl-2-oxobutanoic acid, sodium salt
(10) 4-methyl-2-oxobutanoic acid, sodium salt
(11) 2-oxopentanoic acid, sodium salt
(12) 2-oxohexanoic acid, sodium salt
(13) (±)-3-methyl-2-oxopentanoic acid, sodium salt
(14) cyclopropylglyoxylic acid
(15) ethyl 2-oxo-4-phenylbutyrate
(16) diethyl ketomalonate
(17) diethyl 2-oxoglutarate
(18) diethyl oxalpropionate
(19) diethyl 3-heptyl-2-oxosuccinate
(20) ethyl 3-(3-methoxybenzoyl) pyruvate
(21) glyoxylic acid

[0081] The physical data of the corresponding triazines (1-21) is given in Table 1 below. (X indicates the number of
moles of the hydrochloride salt in the product)
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EXAMPLE 2

Synthesis of 6-(3,'4'-diamino-5-one-1,2,4-triazinyl)-hydrazide

[0082] 3,4-Diamino-6-carboxyethyl-1,2,4-triazin-5(4H)-one hydrochloride (1.59, 6.36 mmole) was taken in methanol
(15 ml). Anhydrous hydrazine (156.25 mmole) and water (1ml) were added and refluxed for 1 hour. On cooling to room
temperature, the product which separated was filtered, dried and crystallized from ethanol to give 6-(3',4'-diamino-5
(4H)-one-1,2,4 -triazinyl)hydrazide, in a yield of 60%, to give a product having a m. p. of >340°C.
[0083] This compound was converted into its dihydrochloride by treatment with 2N hydrochloric acid. The product,
6-(3',4'-diamino-5(4H)-one-1,2,4 -triazinyl)hydrazide dihydrochloride, was crystallized from ethanol/water mixture in
77% yield, and exhibits a m. p. of 134-135 °C (dec).
[0084] Using same procedure with methyhydrazine as a starting material, 2-methyl-[6'-(3',4'-diamino-5(4H)-one-
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1,2,4-triazinyl)]hydrazide, m. p. 126-128°, and 2-methyl-[6'-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)]hydrazide dihydro-
chloride, m. p. 178-180° (dec) were prepared.

EXAMPLE 3

Synthesis of 3,4-diamino-6-(1',1'-dimethyl-2'-hydroxyethyl)-1,2,4-triazin-5(4H)-one hydrochloride

[0085] Dihydro-4,4-dimethyl-2,3-furandione (2g, 15.6 mmole) and 1,3-diaminoguanidine monohydrochloride (12.96
g, 15.61 mmole) were dissolved in ethanol and the resulting solution heated to reflux temperatures. To the refluxing
reaction mixture, was added water until a clear solution was obtained. The mixture was then refluxed overnight, cooled
to room temperature and stored at -20°C overnight. The product which separated was filtered and dried. It was crys-
tallized from a mixture of ethanol and water to give 3,4-diamino-6-(1',1'-dimethyl-2'-hydroxyethyl)-1,2,4,-triazin-5(4H)-
one hydrochloride (2.24g, 61%), m.p. 221 - 222°C. (dec).

EXAMPLE 4

Synthesis of 4-amino-3-hydrazino-6-(4'-hydroxybenzyl)-1,2,4-triazin-5(4H)-one hydrochloride

[0086] 4-Hydroxyphenylpyruvic acid (2 g, 11 mmole) and triaminoguanidine monohydrochloride (2.21 g, 15.78
mmole) were taken up in ethanol (25 ml) and heated until reflux. A few drops of water was added until the reaction
mixture was clear. The resultant mixture was refluxed 24 hours and cooled to room temperature. The solid which
separated was filtered, dried and crystallized from ethanol/water to give the title product (2g, 47%), m.p. 209 - 210°C
(dec).
[0087] In a similar manner, 4-amino-3-hydrazino-6-methyl-1,2,4-triazin-5(4H)-one hydrochloride, m.p. 195-196 °C.
and 4-amino-3-hydrazino-1,2,4-triazin-5(4H)-one hydrochloride, m.p. 260-261 °C., were prepared.

EXAMPLE 5

[0088] The following method was used to evaluate the ability of the compounds of the present invention to inhibit
the cross-linking of glycated bovine serum albumin (AGE-BSA) to the rat tail tendon collagen coated 96-well plate.
[0089] The AGE-BSA was prepared by incubating BSA at a concentration of 200 mg per ml with 200 mM glucose
in 0.4 M sodium phosphate buffer, pH 7.4 at 37°C for 12 weeks. The glycated BSA was then extensively dialyzed
against phosphate buffer solution (PBS) for 48 hours with additional 5 times buffer exchanges. The rat tail tendon
collagen coated plate was blocked first with 300 µl of superbloc blocking buffer (Pierce #37515X) for one hour. The
blocking solution was removed from the wells by washing the plate twice with PBS-Tween 20 solution (0.05% Tween
20) using a NUNC-multiprobe or Dynatech ELISA-plate washer. Cross-linking of AGE-BSA (1 to 10 µg per well de-
pending on the batch of AGE-BSA) to rat tail tendon collagen coated plate was performed with and without the testing
compound dissolved in PBS buffer at pH 7.4 at the desired concentrations by the addition of 50 µl each of the AGE-BSA
diluted in PBS or in the testing compound at 37°C for 4 hours. The unbrowned BSA in PBS buffer with or without testing
compound were added to the separate wells as the blanks. The un-cross-linked AGE-BSA was then removed by
washing the wells three times with PBS-Tween buffer. The cross-linked AGE-BSA to the tail tendon coated plate was
then quantitated by the polyclonal antibody raised against AGE-RNase. After a one-hour incubation period, AGE an-
tibody was removed by washing 4 times with PBS-Tween.
[0090] The bound AGE antibody was then detected with the addition of horseradish peroxidase-conjugated second-
ary antibody, e.g., goat anti-rabbit immunoglobulin and incubation for 30 minutes. The substrate of 0.1M citrate buffer
containing 0.03% H2O2 (2 yield #00-2008) and 2,2-azino-di(3-ethylbenzthiazoline sulfonic acid) (ABTS chromogen)
(Zymed #00-2011) was added. The reaction was allowed for an additional 15 minutes and the absorbance was read
at 410 nm in a Dynatech plate reader.
[0091] The % inhibition of each test compound was calculated as follows.

[0092] The IC50 relative inhibition by various test compounds at 10 mM is as follows:

% inhibition = {[Optical density (without compound) - optical density (with compound)]/optical

density (without compound)] } 100%
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[0093] The above experiment suggests that this type of drug therapy has benefits in reducing the pathology associ-
ated with the advanced glycosylation of proteins and the formation of cross-links between proteins and other macro-
molecules. Drug therapy may be used to prevent the increased trapping and cross-linking of proteins that occurs in
diabetes and aging which leads to sequelae such as retinal damage, and extra-vascularly, damage to tendons, liga-
ments and other joints.

EXAMPLE 6

[0094] The following method was used to evaluate the ability of the compounds of the present invention to inhibit
the cross-linking of N-acetyl glycyl-lysine methyl ester in the presence of ribose.

Materials:

[0095] N-acetylglycyllysine methyl ester (DP in formula below)
Ribose (R in formula below)
Test compounds (C in formula below)

Reagents:

[0096] 0.5 M sodium phosphate buffer pH 7.4
N-acetylglycyllysine methyl ester in 0.5M sodium phosphate buffer, pH 7.4
Ribose: 800 mM
Test compounds dissolved in the above buffer and the pH is adjusted to 7.4, if necessary

Procedure:

[0097] Reaction mixtures are prepared as follows:

and incubated at 37° C for 16-24 hours. At the end of the incubation period reaction mixture is diluted with 3 ml distilled
water and the fluorescence is read using an excitation wavelength of 350 nm and emission wavelength of 400 nm.
The inhibition of the cross-linking is calculated from the decrease in the fluorescence in the presence of the test com-
pounds according to the formula:

Test Compound IC50

3,4-diamino-6-methyl-1,2,4-triazine-5(4H)-one; 0.13
3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one hydrochloride 1.7
3,4-diamino-6-ethyl-1,2,4-triazine-5(4H)-one hydrochloride 1.54
3,4-diamino-6-benzyl-1,2,4-triazine-5(4H)-one hydrochloride 11.4
3,4-diamino-6-(2'-carboxyethyl)-1,2,4-triazine-5(4H)-one 1.6
3,4-diamino-6-(2-methypropyl)-1,2,4-triazine-5(4H)-one 5.1
3,4-diamino-6-(1'-ethoxycarbonylethyl-1,2,4-triazine-5(4H)-one hydrochloride 1.85
3,4-diamino-6-(1'-ethoxycarbonylheptyl-1,2,4-triazine-5(4H)-one hydrochloride 6.6
6-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide 0.73
3-[6'-(3',4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]-propionic hydrazide hydrochloride 0.5
2-methyl-6'-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide 3.5
4-amino-3-hydrazino-6-methyl-1,2,4-triazine-5(4H)-one hydrochloride 0.016
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one hydrochloride 0.45
4-amino-3-hydrazino-1,2,4-triazine-5(4H)-one hydrochloride 1.56

80 mg/ml N-acetylglycyllysine methyl ester/buffer 0.1 0.1 -
ribose 0.1 0.1 0.1
test compound - 0.1 0.1
buffer 0.2 0.1 0.2
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[0098] The Inhibition by various test compounds (IC50) is as follows:

[0099] The above experiment suggests that this type of drug therapy will reduce the pathology associated with the
advanced glycosylation of proteins and the formation of cross-links between proteins and other macromolecules. Drug
therapy may be used to prevent the increased trapping and cross-linking of proteins that occurs in diabetes and aging
which leads to sequelae such as retina] damage, and extra-vascularly, damage to tendons, ligaments and other joints.

EXAMPLE 7

[0100]

[0101] The compound, a portion of the starch and the lactose are combined and wet granulated with starch paste.
The wet granulation is placed on trays and allowed to dry overnight at a temperature of 45°C. The dried granulation
is comminuted in a comminutor to a particle size of approximately 20 mesh. Magnesium stearate, stearic acid and the
balance of the starch are added and the entire mix blended prior to compression on a suitable tablet press. The tablets

Test compound IC50mM

3,4-diamino-6-methyl-1,2,4-triazine-5(4H)-one; 1.23
3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one hydrochloride 4.4
3,4-diamino-6-ethyl-1,2,4-triazine-5(4H)-one hydrochloride 2
3,4-diamino-6-benzyl-1,2,4-triazine-5(4H)-one hydrochloride 1.2
3,4-diamino-6-(3,4-dimethoxystyryl)-1,2,4-triazine-5(4H)-one hydrochloride 0.35
3,4-diamino-6-(2'-nitrobenzyl)-1,2,4-triazine-5(4H)-one hydrochloride 0.9
3,4-diamino-6-(2'-carboxyethyl)-1,2,4-triazine-5(4H)-one 1.97
3,4-diamino-6-isopropyl-1,2,4-triazine-5(4H)-one hydrochloride 1.05
3,4-diamino-6-(2-methypropyl)-1,2,4-triazine-5(4H)-one 1.16
3,4-diamino-6-propyl-1,2,4-triazine-5(4H)-one hydrochloride 1.3
3,4-diamino-6-butyl-1,2,4-triazine-5(4H)-one 1.6
3,4-diamino-6-(1-methylpropyl)-1,2,4-triazine-5(4H)-one 1.4
3,4-diamino-6-cyclopropyl-1,2,4-triazine-5(4H)-one 2
3,4-diamino-6-phenethyl-1,2,4-triazine-5(4H)-one hydrochloride 2.7
3,4-diamino-6-carboxyethyl-1,2,4-triazine-5(4H)-one hydrochloride 0.72
3,4-diamino-6-(2'-ethoxycarbonylethyl-1,2,4-triazine-5(4H)-one hydrochloride 0.84
3,4-diamino-6-(1'-ethoxycarbonylethyl-1,2,4-triazine-5(4H)-one hydrochloride 1.65
3,4-diamino-6-(1'-ethoxylcarbonylheptyl-1,2,4-triazine-5(4H)-one hydrochloride 0.48
3,4-diamino-6-(3'-methoxyphenylcarbonylmethylene)-1,2,4-triazine-5(4H)-one hydrochloride >10
6-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide 0.73
3-[6'-(3',4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]-propionic hydrazide hydrochloride 1.5
2-methyl-6'-(3',4'-diamino-5(4H)-one-1,2,4-triazinyl)hydrazide 0.83
3,4-diamino-6-(1',1'-dimethyl-2'-hydroxyethyl)-1,2,4-triazine-5(4H)-one 0.97
4-amino-3-hydrazino-6-methyl-1,2,4-triazine-5(4H)-one hydrochloride <3
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one hydrochloride >1
4-amino-3-hydrazino-1,2,4-triazine-5(4H)-one hydrochloride >10

Tablet mg/tablet

Compound of Formula I 50
Starch 50
Mannitol 75
Magnesium stearate 2
Stearic acid 5

Inhibition (%) = 100 x [DPRC fluorescence - RC fluorescence]/DPR fluorescence
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are compressed at a weight of 232 mg. using a 11/32" punch with a hardness of 4 kg. These tablets will disintegrate
within a half hour according to the method described in USP XVI.

EXAMPLE 8

[0102]

EXAMPLE 9

[0103]

EXAMPLE 10

[0104]

EXAMPLE 11

[0105] To further study the ability of inhibitors of nonenzymatic browning to prevent the discoloration of protein on a
surface, such as that which occurs on the tooth surface, the following surface browning experiment is performed. As
a substitute for a pellicle-covered tooth surface, unexposed and developed photographic paper is used to provide a
fixed protein (gelatin, i.e., collagen) surface on a paper backing. Five millimeter circles are punched and immersed for
one week at 50°C in a solution of 100 mM glucose-6-phosphate in a 0.5 M phosphate buffer, pH 7.4, containing 3 mM
sodium azide. Glucose-6-phosphate is a sugar capable of participating in nonenzymatic browning at a more rapid rate
than glucose. In addition to the glucose-6-phosphate, chlorhexidine and/or a compound of Formula I are included.

Lotion mg/g

Compound of Formula I 1.0
Ethyl alcohol 400.0
Polyethylene glycol 400 300.0
Hydroxypropyl cellulose 5.0
Propylene glycol to make 1.0 g

Oral Rinse

Compound of Formula I: 1.4 %
Chlorhexidine gluconate 0.12 %
Ethanol 11.6 %
Sodium saccharin 0.15 %
FD&C Blue No. 1 0.001%
Peppermint Oil 0.5 %
Glycerine 10.0 %
Tween 60 0.3 %
Water to 100 %

Toothpaste

Compound of Formula I: 5.5 %
Sorbitol, 70% in water 25 %
Sodium saccharin 0.15%
Sodium lauryl sulfate 1.75%
Carbopol 934, 6% dispersion in 15 %
Oil of Spearmint 1.0 %
Sodium hydroxide, 50% in water 0.76 %
Dibasic calcium phosphate dihydrate 45 %
Water to 00 %
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After incubation, the gelatin/paper disks are rinsed with water, observed for brown color, and photographed. Incubation
of the disks in glucose-6-phosphate alone shows slight brown color versus disks soaked in buffer alone. Inclusion of
chlorhexidine (in the form of Peridex® at a final concentration of 0.04% chlorhexidine) shows significant browning.
Addition of a compound of Formula I to the chlorhexidine completely inhibits browning of the gelatin, as does inclusion
of a compound of Formula I in the absence of chlorhexidine.
[0106] The slight brown color formed by the action of glucose-6-phosphate on the gelatin surface alone and its
prevention by a compound of Formula I demonstrates the utility of the present invention in preventing nonenzymatic
browning of tooth surfaces. The enhanced browning in the presence of chlorhexidine and its prevention with a com-
pound of Formula I demonstrates the utility of the present invention in preventing the anti-plaque agent-enhanced
nonenzymatic browning which occurs with chlorhexidine.

Claims

1. A compound of the formula:

for (i) improving the elasticity or reducing wrinkles of the skin, treating (ii) diabetes, treating or preventing (iii)
hypertension, (iv) adverse sequelae of diabetes, (v) diabetic kidney damage, (vi) damage to blood vasculature,
(vii) retinopathy, (viii) damage to lens proteins, (ix) cataracts, (x) peripheral neuropathy, (xi) osteoarthritis, or (xii)
damage to a tissue in vivo caused by contact with elevated levels of reducing sugars,
wherein:

R is hydrogen or an amino group;

R' is selected from:

a (C3 to C7) cycloalkyl group, optionally substituted by one or more (C1 to C6) alkyl groups;

an arylalkyl group wherein the alkyl portion has from 1 to 6 carbon atoms, and the aryl portion has from
6 to 10 ring carbon atoms and is optionally substituted by one to three hydroxy, C1-C6-alkoxy or nitro
groups;

a heteroaryl group having from 5 to 6 ring atoms including one to three heteroatoms selected from oxygen,
nitrogen or sulfur;

a group of the formula -C(O)-R" wherein R" is a hydroxy, a (C1 to C6) alkoxy group, a (C6 to C10) aryl
group optionally substituted by a (C1 to C6) alkoxy group, or a group of the formula -NR'''-NH2, wherein
R'" is hydrogen or a methyl group; and

a (C1 to C6) alkyl group substituted by, or a (C2 to C6) alkenyl group optionally substituted by, one or
more hydroxy groups or a group of the formula -C(O)-R2', wherein R2' is a hydroxy, a (C1 to C6) alkoxy
group, (C6 to C10) aryl group optionally substituted by a (C1 to C6) alkoxy group, or a group of the formula
-NR""-NH2 wherein R"" is hydrogen or a methyl group;

and their pharmaceutically acceptable acid addition salts; or
wherein the said compound is 3,4-diamino-6-(3,4-dimethoxystyryl)-1,2,4-triazine-5(4H)-one hydrochloride.
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2. The compound of claim 1, wherein the compound comprises
3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one hydrochloride,
3-[6'-(3'4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]-propionic hydrazide,
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one,
or a pharmaceutically acceptable salt thereof.

3. The compound of claim 1, wherein the compound is adapted for intraperitoneal administration as a liquid or oral
administration as a solid.

4. A pharmaceutical composition including a compound according to any one of claims 1 to 3 and a pharmaceutically
acceptable carrier,
with the provisos, with respect to the said compound, that:

when R is NH2, R' is not -CH2-C6H3-3,4(OCH3)2; and
when R is H, R' is not -C(O)R" when R" is C1 or C2 alkoxy.

5. Use of triazine compound for the manufacture of a medicament for, in an animal, (i) improving the elasticity or
reducing wrinkles of the skin, treating (ii) diabetes, or treating or preventing (iii) hypertension, (iv) adverse sequelae
of diabetes, (v) diabetic kidney damage, (vi) damage to blood vasculature, (vii) retinopathy, (viii) damage to lens
proteins, (ix) cataracts, (x) peripheral neuropathy, (xi) osteoarthritis, or (xii) damage to a tissue caused by contact
with elevated levels of reducing sugars, the triazine compound having the formula:

wherein R and R' have the meanings ascribed in claim 1,
except that when R' is a (C1 to C6) alkyl group, it is optionally substituted by the said one or more hydroxy groups
or the said group of the formula -C(O)-R2' where R2, has the meaning set out in claim 1,
and their pharmaceutically acceptable acid addition salts; or
the said compound is 3,4-diamino-6-(3,4-dimeoxystyryl)-1,2,4-triazine-5(4H)-one hydrochloride.

6. Use according to claim 5 wherein the compound comprises
3,4-diamino-6-(2'-ethoxycarbonylethyl)-1,2,4-triazine-5(4H)-one;
3,4-diamino-6-(1'-ethoxycarbonylheptyl)-,1,2,4-tri azine-5(4H)-one,
or a pharmaceutically acceptable salt thereof.

7. The use of claim 5 wherein R is hydrogen.

8. The use of claim 7 wherein the administered compound comprises
3,4-diamino-6-methyl-1,2,4-triazine-5(4H)-one,
3,4-diamino-6-ethyl-1,2,4-triazine-5(4H)-one,
3-[6'-(3',4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]-propionic hydrazide,
3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one,
or a pharmaceutically acceptable salt thereof.

9. The use of claim 5, wherein R is an amino group.

10. The use of claim 9 wherein the administered compound comprises
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4-amino-3-hydrazino-6-methyl-1,2,4-triazine-5(4H)-one hydrochloride,
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one,
or a pharmaceutically acceptable salt thereof.

Patentansprüche

1. Verbindung nach der Formel:

zur (i) Verbesserung der Hautelastizität oder Reduzierung von Hautfalten, zur Behandlung (ii) der Diabetes, Be-
handlung oder Verhinderung von (iii) Hypertonie, (iv) ungünstiger Folgeerscheinungen der Diabetes, (v) diabetes-
bedingter Nierenschäden, (vi) Schädigungen des Blutgefäßsystems, (vii) Netzhauterkrankungen, (viii) Schädigun-
gen der Linsenproteine, (ix) Katarakten, (x) peripheren Neuropathien, (xi) Osteoarthritis oder (xii) Gewebeschäden
in vivo durch Kontakt mit einem erhöhten Spiegel an reduzierendem Zucker, wobei
R Wasserstoff oder eine Aminogruppe ist;
R' ausgewählt wird aus:

einer Cycloalkylgruppe mit (C3 bis C7), wahlweise substituiert durch eine oder mehrere Alkylgruppe(n) mit (C1
bis C6);

einer Arylalkylgruppe, wobei der Alkylabschnitt 1 bis 6 Kohlenstoffatome aufweist und wobei der Arylabschnitt
6 bis 10 Ringkohlenstoffatome aufweist und wahlweise substituiert ist durch eine bis drei Hydroxy-, C1 bis C6
Alkoxy- oder Nitrogruppen;

einer Heteroarylgruppe mit 5 bis 6 Ringatomen einschließlich von ein bis drei Heteroatomen, die aus Sauer-
stoff, Stickstoff oder Schwefel ausgewählt werden;

einer Gruppe nach der Formel -C(O)-R", wobei R" eine Hydroxygruppe ist, eine Alkoxygruppe mit (C1 bis C6),
eine Arylgruppe mit (C6 bis C10), wahlweise substituiert durch eine Alkoxygruppe mit (C1 bis C6), oder eine
Gruppe nach der Formel -NR'''-NH2 ist, bei der R''' Wasserstoff oder eine Methylgruppe ist; und

einer Alkylgruppe mit (C1 bis C6), substituiert oder einer Alkenylgruppe mit (C2 bis C6), wahlweise substituiert
durch eine oder mehrere Hydroxygruppen oder eine Gruppe nach der Formel -C(O)-R2, wobei R2 eine Hy-
droxygruppe, eine Alkoxygruppe mit (C1 bis C6), eine Arylgruppe mit (C6 bis C10), wahlweise substituiert durch
eine Alkoxygruppe mit (C1 bis C6), oder eine Gruppe nach der Formel -NR""-NH2 ist, wobei R"" Wasserstoff
oder eine Methylgruppe ist;

und deren pharmazeutisch annehmbaren sauren Salzen; oder
wobei die erwähnte Verbindung 3,4-diamino-6-(3,4-dimethoxystyryl) 1,2,4-triazin-5(4H)-1-hydrochlorid ist.

2. Verbindung gemäß Anspruch 1, wobei diese Verbindung 3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazin-5(4H)-
1-hydrochlorid, 3-[6'-(3'4'diamino-5'(4H)-1-1',2',4'-triazinyl)]-proprionhydrazid, 4-amino-3-hydrazino-6-(4-hydroxy-
benzyl)-1,2,4-triazin-5(4H)-1 oder ein pharmazeutisch annehmbares Salz davon, beinhaltet.

3. Verbindung gemäß Anspruch 1, wobei diese Verbindung für die intraperitoneale Verabreichung als Flüssigkeit
oder für die orale Verabreichung als Feststoff angepaßt ist.
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4. Pharmazeutische Zusammensetzung einschließlich einer Verbindung gemäß einem der Ansprüche 1 bis 3 und
einer pharmazeutisch annehmbaren Trägersubstanz, wobei für diese Verbindung die Bedingung gilt, daß
R' nicht -CH2-C6H3-3,4(OCH3)2 sein darf, wenn R NH2 ist; und
R' nicht -C(O)R" sein darf, wo R" C1 oder C2 Alkoxy ist, wenn R Wasserstoff ist.

5. Verwendung einer Triazinverbindung zur Herstellung eines Medikaments, das bei Tieren (i) die Hautelastizität
verbessert oder Hautfalten reduziert, zur Behandlung (ii) der Diabetes, Behandlung oder Verhinderung von (iii)
Hypertonie, (iv) ungünstiger Folgeerscheinungen der Diabetes, (v) diabetesbedingter Nierenschäden, (vi) Schä-
digungen des Blutgefäßsystems, (vii) Netzhauterkrankungen, (viii) Schädigungen der Linsenproteine, (ix) Kata-
rakten, (x) peripheren Neuropathien, (xi) Osteoarthritis oder (xii) Gewebeschäden durch Kontakt mit einem erhöh-
ten Spiegel an reduzierendem Zucker eingesetzt wird, wobei die Triazin-Verbindung der Formel

entspricht, wobei R und R' der in Anspruch 1 zugeschriebenen Bedeutung entsprechen, mit der Ausnahme, dass
R', wenn R' eine Alkylgruppe mit (C1 bis C6) ist, wahlweise durch die erwähnte eine oder mehrere(n) Hydroxy-
gruppen oder durch die erwähnte Gruppe nach der Formel -C(O)-R2 substituiert wird, wobei R2 die in Anspruch
1 beschriebene Bedeutung hat,
und deren pharmazeutisch annehmbaren sauren Salzen; oder
wobei die erwähnte Verbindung 3,4-diamino-6-(3,4-dimethoxystyryl)1,2,4-triazin-5(4H)-1-hydrochlorid ist.

6. Verwendung gemäß Anspruch 5, wobei die Verbindung
3,4-diamino-6-(2'-äthoxycarbonylethyl)-1,2,4-triazin-5(4H)-1,
3,4-diamino-6-(1'-äthoxycarbonylheptyl)-, 1,2,4-triazin-5(4H)-1,
oder ein pharmazeutisch annehmbares Salz davon, beinhaltet.

7. Verwendung gemäß Anspruch 5, wobei R Wasserstoff ist.

8. Verwendung gemäß Anspruch 7, wobei die verabreichte Verbindung
3,4-diamino-6-methyl-1,2,4-triazin-5(4H)-1,
3,4-diamino-6-ethyl-1,2,4-triazin-5(4H)-1,
3-[6',(3',4'-diamino-5'(4H)-1-1',2',4'-triazinyl)]-propionsäurehydrazid,
3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazin-5(4H)-1,
oder ein pharmazeutisch annehmbares Salz davon, beinhaltet.

9. Verwendung gemäß Anspruch 5, wobei R eine Aminogruppe ist.

10. Verwendung gemäß Anspruch 9, wobei die verabreichte Verbindung
4-amino-3-hydrazino-6-methyl-1,2,4-triazin-5(4H)-1 hydrochlorid,
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazin-5(4H)-1,
oder ein pharmazeutisch annehmbares Salz davon, beinhaltet.

Revendications

1. Composé de formule :
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destiné à (i) améliorer l'élasticité ou la réduction des rides de la peau, traiter (ii) le diabète, traiter ou prévenir (iii)
l'hypertension, (iv) les séquelles néfastes du diabète, (v) les lésions rénales diabétiques, (vi) les lésions du système
sanguin vasculaire, (vii) la rétinopathie, (viii) les lésions des protéines du cristallin, (ix) la cataracte, (x) la neuro-
pathie périphérique, (xi) l'arthrose ou (xii) les lésions d'un tissu in vivo causées par le contact avec des taux élevés
de sucres réducteurs,
formule dans laquelle :

R est un atome d'hydrogène ou un groupe amino;
R' est choisi parmi :

un groupe cycloalkyle en C3 à C7, éventuellement substitué par un ou plusieurs groupes alkyle en C1 à C6;
un groupe arylalkyle dans lequel la partie alkyle possède de 1 à 6 atomes de carbone et la partie aryle
possède de 6 à 10 atomes de carbone dans le noyau et est éventuellement substituée par un à trois
groupes hydroxy, alcoxy en C1 à C6 ou nitro;
un groupe hétéroaryle comportant de 5 à 6 atomes dans le noyau, y compris un à trois hétéroatomes
choisis parmi les atomes d'oxygène, d'azote ou de soufre;
un groupe de formule -C(O)-R", dans lequel R" est un groupe hydroxy, un groupe alcoxy en C1 à C6, un
groupe aryle en C6 à C10 éventuellement substitué par un groupe alcoxy en C1 à C6, ou un groupe de
formule -NR'''-NH2, dans laquelle R'" est un atome d'hydrogène ou un groupe méthyle; et
un groupe alkyle en C1 à C6 ou un groupe alcényle en C2 à C6, chacun étant éventuellement substitué
par un ou plusieurs groupes hydroxy ou un groupe de formule -C(O)R2,, dans laquelle R2, est un groupe
hydroxy, un groupe alcoxy en C1 à C6, un groupe aryle en C6 à C10 éventuellement substitué par un
groupe alcoxy en C1 à C6, ou un groupe de formule -NR""-NH2 dans laquelle R"" est un atome
d'hydrogène ou un groupe méthyle;

et ses sels d'addition d'acide pharmaceutiquement acceptables; ou
dans laquelle ledit composé est le chlorhydrate de 3,4-diamino-6-(3,4-diméthoxystyryl)-1,2,4-triazine-5(4H)-one.

2. Composé selon la revendication 1, dans lequel le composé comprend le chlorhydrate de 3,4-diamino-6-(4-hydroxy-
benzyl)-1,2,4-triazine-5(4H)-one, l'hydrazide 3-[6'-(3',4'-diamino-5'(4H)-one-1',2',4'-triazinyl)]propionique, la
4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one, ou un de leurs sels pharmaceutiquement ac-
ceptables.

3. Composé selon la revendication 1, dans lequel le composé est conçu pour l'administration intrapéritonéale sous
forme de liquide ou pour l'administration orale sous forme de solide.

4. Composition pharmaceutique contenant un composé selon l'une quelconque des revendications 1 à 3 et un vé-
hicule pharmaceutiquement acceptable, avec les réserves suivantes concernant ledit composé :

que, lorsque R est NH2, R' ne soit pas -CH2-C6H3-3,4-(OCH3)2; et
que, lorsque R est H, R' ne soit pas -C(O)R" lorsque R" est un groupe alcoxy en C1 ou en C2.

5. Utilisation d'un composé triazine pour la fabrication d'un médicament destiné, chez un animal, à (i) améliorer
l'élasticité ou la réduction des rides de la peau, traiter (ii) le diabète, ou traiter ou prévenir (iii) l'hypertension, (iv)
les séquelles néfastes du diabète, (v) les lésions rénales diabétiques, (vi) les lésions du système sanguin vascu-
laire, (vii) la rétinopathie, (viii) les lésions des protéines du cristallin, (ix) la cataracte, (x) la neuropathie périphérique,
(xi) l'arthrose ou (xii) les lésions d'un tissu causées par le contact avec des taux élevés de sucres réducteurs, le
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composé triazine répondant à la formule :

dans laquelle R et R' ont les significations données dans le revendication 1, sauf que, lorsque R' est un groupe
alkyle en C1-C6, il est éventuellement substitué par ledit ou lesdits groupes hydroxy ou ledit groupe de formule -C
(O)-R2', dans laquelle R2' a la signification donnée dans la revendication 1,
et leurs sels d'addition d'acide pharmaceutiquement acceptables; ou
ledit composé est le chlorhydrate de 3,4-diamino-6-(3,4-diméthoxystyryl)-1,2,4-triazine-5(4H)-one.

6. Utilisation selon la revendication 5, dans laquelle le composé comprend la 3,4-diamino-6-(2'-éthoxycarbonyléthyl)-
1,2,4-triazine-5(4H)-one, la 3,4-diamino-6-(1'-éthoxycarbonylheptyl)-1,2,4-triazine-5(4H)-one, ou un de ses sels
pharmaceutiquement acceptables.

7. Utilisation selon la revendication 5 dans laquelle R est un atome d'hydrogène.

8. Utilisation selon la revendication 7 dans laquelle le composé administré comprend la 3,4-diamino-6-méthyl-
1,2,4-triazine-5(4H)-one, la 3,4-diamino-6-éthyl-1,2,4-triazine-5(4H)-one, l'hydrazide 3-[6'-(3',4'-diamino-5'(4H)-
one-1',2',4'-triazinyl)]propionique, la 3,4-diamino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-one, ou un de leurs
sels pharmaceutiquement acceptables.

9. Utilisation selon la revendication 5, dans laquelle R est un groupe amino.

10. Utilisation selon la revendication 9 dans laquelle le composé administré comprend le chlorhydrate de 4-amino-
3-hydrazino-6-méthyl-1,2,4-triazine-5(4H)-one, la 4-amino-3-hydrazino-6-(4-hydroxybenzyl)-1,2,4-triazine-5(4H)-
one, ou un de leurs sels pharmaceutiquement acceptables.
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