
TITLE LOCAL TOPICAL ADMINISTRATION FORMULATIONS
CONTAINING INDOXACARB CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims priority from
U.S. Provisional Application No. 60/841846, filed
September 1, 2006, which is incorporated by reference
herein in its entirety. BACKGROUND OF THE INVENTION
Animals are often susceptible to infestations by
ectoparasites (e.g. flies and lice), and infections by
endoparasites (e.g. filariae and intestinal
roundworms). Domesticated animals, such as cats
and^dogs, are often infested with one or more of the
following ectoparasites: cat and dog fleas
(Ctenocephalides felis, Ctenocephalides canis, and the
like), ticks (Rhipicephalus spp., Ixodes spp.,
Dermacentor spp., Amblyoma spp. and the like), and
mites (Demodex spp., Sarcoptes scabei., Otodectes
cynotis. and the like). Fleas are a particular problem
because not only do they adversely affect the health
of the animal or human, but they also cause a great
deal of psychological stress. Moreover, fleas are also
vectors of pathogenic agents in animals, such as dog
tapeworm (Dipylidium caninum), including humans.
Similarly, ticks are also harmful to the physical and
psychological health of the animal or human. However,
the most serious problem associated with ticks is that
they are the vector of pathogenic agents, agents which
cause diseases in both humans and animal. Major
diseases which are caused by ticks include borrelioses
(Lyme disease caused by Borrelia burgdorferi),
babesioses (or piroplasmoses caused by Babesia sp.)
and rickettsioses (also known as Rocky Mountain
spotted fever). Ticks also release toxins which cause
inflammation or paralysis in the host. Occasionally,
these toxins are fatal to the host. Moreover, mites
are particularlydifficult to combat since there are
very few active substances which act on these
parasites and they require frequent treatment.
Likewise, farm animals are also susceptible to
parasite infestations. For example, cattle are
affected by a large number of parasites. A parasite
which is very prevalent among farm animals is the tick
genus Boophilus, especially B. microplus (cattle
tick), b . decoloratus and B. anulatus. Ticks, such as
Boophilus microplus, are particularly difficult to
control because they live in the pasture where the
farm animals graze Other important parasites of cattle
include the myiases-producing flies such as Dermatobia
hominis (known as Berne in Brazil) and Cochlyomia
hominivorax (screwworm) whose larvae infest the tissue
of the host animal. Additionally, the species Lucilia
sericata (greenbottles), Lucilia cuprina (damage
caused by this fly is commonly known as blowfly strike
in Australia, New Zealand and South Africa) are
important causes of myiases in sheep. Insects whose
adult stage constitutes the parasite include:
Haematobia irritans (horn fly); lice such as
Linognathus vituli, etc.; and mites such as Sarcoptes
scabiei and Psoroptes ovis. The above list is not
exhaustive and other ectoparasites are well known in
the art to be harmful to animals and humans. These
include, for example migrating dipterous larvae such
as Hypoderma spp. and Oestrus o is. Control of
ectoparasites on domestic animals have been attempted
using flea collars containing various insecticides.
The ectoparasites, however, remain present in the
general vicinity of the animal, such as within the
house of a pet owner. The eradication of ectoparasites
within the animal environment is difficult unless the
environment is permanently covered in an insecticidal
substance, in which case toxicity and reinfestatiop
are problematic. Thus, there is a need in the art for
persistent and effective agents for eradication of
ectoparasites on a domestic animal in order to reduce
the periodicity and the cost of anti-ectoparasite
agents, wherein such agents must be convenient to
store and apply, and present insignificant risk of
toxicity to such domestic animal and its environment.
U.S. Patent No. 5,462,938 discloses novel
arthropodicidal compositions and methods relating to
oxadiazinyl carboxanilides compounds having efficacy
againsthousehold, foliar and soil-inhabiting agronomic
and non-agronomic pests. A compound disclosed therein,
(S)-methyl 7-chloro-2,5-dihydro-2-[[methoxycarbonyl)
[4 (trifluoromethoxy) phenyl]amino] carbonyl] indeno
[1 ,2-e] [ 1,3,4] oxadiazine- 4a(3H)-carboxylate;
common name: Indoxacarb, or DPX-KN128 has been
registered by the EPA as a "reduced-risk" pesticide,
Chemical Code 06771 0, CAS No. 173584- 44-6, U S. EPA
PC 067710 (S-isomer). British Journal of Pharmacology
(2001) 132, 587-595;doi:10.1038/sj.bjp. 0703853
entitled "Indoxacarb, an Oxadinzine Insecticide,
Blocks Insect Neuronal Sodium Channels", discloses a
study investigating the mode of action of Indoxacarb
as an neuronal sodium channel inhibitor in Periplaneta
Amepcana. Research Disclosure, May 1997, Number 39786
entitled "Mixtures of Arthropodicides and Fungicides"
discloses the use of Indoxacarb in combination with
other arthropodicides in land or aerially applied
pesticide formulations for the protection of plants
against arthropoda! pests. U.S. Patent No. 6,395,765 B
1 relates to compositions for the treatment and
protection of parasitic pests on domestic animals that
utilize topical application to a localized region of
the domestic animal's body. BRIEF SUMMARY OF THE
INVENTION In one aspect, the present invention
provides a composition and method for control of
ectoparasites on a domestic animal, including
eradication of ectoparasites on a domestic animal,
decreasing the number of ectoparasites on a domestic
animal, and/or preventing ectoparasite infestation on
a domestic animal. The method includes topically
applying to a localized region or regions having a
cumulative surface area of less than or equal to 10%
of the total surface area of the domestic animal an
ectoparasiticaliy effective amount of a topical
formulation comprising Indoxacarb and veterinarily
acceptable carrier. The present composition can also
optionally include an additional pesticide. In a
preferred aspect, the present invention provides a
composition and method for control of ectoparasite
infestation in a domestic animal comprising applying
to a localized region or regions having a surface area
of less than or equal to 10% of the total surface area
of the domestic animal an ectoparasiticaliy
effectiveamount of a local topical formulation
comprising Indoxacarb in a veterinarily acceptable
solvent and optionally further comprising a
crystallization inhibitor. Preferred solvents,
crystallization inhibitors, modes of application and
dosages in such formulations are disclosed. DETAILED
DESCRIPTION OF THE INVENTION Applicants specifically
incorporate the entire content of all cited references
in this disclosure. Further, when an amount,
concentration, or other value or parameter is given as
either a range, preferred range, or a list of upper
preferable values and lower preferable values, this is
to be understood as specifically disclosing all ranges
formed from any pair of any upper range limit or
preferred value and any lower range limit or preferred
value, regardless of whether ranges are separately
disclosed. Where a range of numerical values is
recited herein, unless otherwise stated, the range is
intended to include the endpoints thereof, and all
integers and fractions within the range. It is not
intended that the scope of the invention be limited to
the specific values recited when defining a range.
Applicant has found that it is possible to effectively
control ectoparasite infestation of domestic animals
using a specific type of Indoxacarb formulation: a
topical formulation applied to a localized region or
regions having a surface area of less than or equal to
10% of the total surface area of the domestic animal.
The formulations and methods are especially
advantageous for animals in situations where it is
difficult or time-consuming to treat all the animals
orally or via injection. Thus, the present invention
provides topical formulations useful in control of 



ectoparasites comprising Indoxacarb and a veterinarily
acceptable solvent. It has been found by Applicant
that certain Indoxacarb local topical formulations are
surprisingly effective and persistent. Definitions The
following definitions relating to Applicant's
disclosure are provided.The term "control of
ectoparasites on a domestic animal" as used herein
includes eradication of ectoparasites on a domestic
animal, decreasing the number of ectoparasites on a
domestic animal, and/or preventing ectoparasite
infestation on a domestic animal. As used herein, the
term "domestic animal" includes any animal that is
kept by humans as a companion animal, pet, working
animal or as livestock for food, fur, leather, wool or
other animal product; or an animal that is found in
association with humans such that control of
ectoparasites on such animal is desirable. Common
domestic animals in which the present invention will
be particularly useful include a cow, horse, ass, pig,
camel, bird, dog, cat, deer, sheep, or goat. As used
herein, the term "ectoparasites" includes parasites,
in any stage of life including eggs, larvae or adult
form, that live on the outside of an animal's body.
Common ectoparasites that are problematic on domestic
animals include, for example, fleas, lice, ticks and
mites. Arthropod ectoparasites of mammals and birds
are often of particular concern. Exemplary athropods
include those summarized in Table A as follows. TABLE
A Summary Of Taxonomy for Important Arthropod Pests
Subohvlum Class Order Examples Trilobita Cheliceratac
heiicera and pedipalps Merostomata Arachnia Araneae
spiders Scorpionida scorpions Acari mites and ticks
Uniramia Chilopoda centipedes D/p/opoda millipedes
Pauropoda Soft bodied myriapodslnsecta Hymenoptera
bees, wasps Lepidoptera moths, butterflies Hoptera
grasshoppers Diptera true flies Hemiptera true bugs
Coleoptera beetles Thus, insect pests include, e.g.,
biting insects, such as flies and mosquitoes, mites,
ticks, lice, fleas, true bugs, parasitic maggots, and
the like. Biting insects include, e.g., migrating
diperous larvae as Hypoderma sp. in cattle,
Gastrophilus in horses, and Cuterebra sp. in rodents,
as well as biting flies and mosquitoes of all types.
For example, bloodsucking adult flies include, e.g.,
the horn fly or Haematobia irritans, the horse fly or
Tabanus spp., the stable fly or Stomoxys calcitrans,
the black fly or Sirnulium spp., the deer fly or
Chrysops spp., the louse fly or Melophagus ovinus, the
tsetse fly or lossina spp. Parasitic fly maggots
include, e.g., the bot fly (Oestrus ovis and Cuterebra
spp.], the blow fly or Phaenicia spp., the screwworm
or Cochliomyia hominivorax, the cattle grub or
Hypoderma spp., and the fleeceworm. Mosquitoes,
include, for example, Culex spp., Anopheles spp., and
Aedes spp. Mites include Mesostigmata spp., e.g.,
mesostigmatids such as the chicken mite, Dermanyssus
gallinae, itch or scab mites such as Sarcoptidae spp.,
for example, Sarcoptes scabiei; mange mites such as
Psoroptidae spp., including Chorioptes bovis and
Psoroptes ovis; chiggers, e.g., Trombiculidae spp.,
for example the North American chigger, Trmbicuta
alfreddugesi. Ticks include, e.g., soft-bodied ticks
including Argasidae spp., for example Argas spp. and
Ornithodoros spp.; hard-bodied ticks including
Ixodidae spp., for example Rhipicephalus sanguineus,
and Boophilus spp. Lice include, e.g., sucking lice,
e.g., Menopon spp. and Bovicola spp.; biting lice,
e.g., Haematopinus spp., Linognathus spp. and
Solenopotes spp. Fleas include, e.g., Ctenocephalides
spp., such as dog flea (Ctenocephalides canis) and cat
flea (Ctenocephalides felis); Xenopsylla spp., such as
oriental rat flea (Xenopsylla cheopis), and Pulex
spp., such as human flea (Pulex irritans).True bugs
include, e.g., Cimicidae or e.g., the common bed bug
(Cimex lectulaus); Triatominae spp., including tatomid
bugs also known as kissing bugs; for example Rhodnius
prolixus and Triatoma spp. Generally, flies, fleas,
lice, mosquitoes, gnats, mites, ticks and helminths
cause tremendous losses to the livestock and companion
animal sectors. Arthropod parasites also are a
nuisance to humans and can vector disease-causing
organisms in humans and animals. Numerous other
arthropod pests and ectoparasites are known to the
art, and are also contemplated to be treated by the
compounds of the invention. These are enumerated in
great detail in MEDICAL AND VETERINARY ENTOMOLOGY, by
D.S. Kettle, Publ. John Wiley & Sons, New York and
Toronto; CONTROL OF ARTHROPOD PESTS OF LIVESTOCK: A
REVIEW OF TECHNOLOGY, by R.O. Drummand, J.E. George,
and S.E. Kunz, Publ. CRC Press, Boca Raton, Florida,
the contents of both of which are incorporated by
reference herein in their entireties. As used herein
an "ectoparasitically effective amount" is an amount
effective to eradicate ectoparasites on a domestic
animal, decrease the number of ectoparasites on a
domestic animal, and/or prevent ectoparasite
infestation on such animal. As used herein the term
"Indoxacarb" or DPX-KN 128 or the designation KN128
refers to the S isomer of Formula I wherein *
represents an optically active center. The systematic
chemical name for Indoxacarb is (S)-methyl
7-chloro-2,5-
dihydro-2-[[(methoxycarbonyl)[4-(trifluoromethoxy)phen
yl]amino]carbonyl]indeno[1 ,2-e][1
,3,4]oxadiazine-4a(3H)-carboxylate. The R isomer of
Formula I or (RJ-methyl 7-
chloro-2,5-dihydro-2-[[(methoxycarbony!)[4-(trifluorom
ethoxy)pheny!]amino]carbonyl Jindeno[1 ,2-e][1
,3,4]oxad ia2ine-4a(3/-/)-carboxylate does not display
insecticidal activity. WO/9963825 describes the use of
various mixtures of the active S isomer and the
inactive R isomer as well as the substantially pure S
isomer. The S isomer has been designated as DPX-KN 128
and the R isomer as DPX-KN 127 by DuPont and that
nomenclature will used for the sake of convenience in
this specification. Indoxacarb, or DPX-KN128 has been
registered as CAS No. 173584-44-6, The compounds of
Formula I can be prepared by one or more of the
methods disclosed in WO 92/1 1249, WO 95/29171 and WO
98/05656 as shown in Scheme 1. Scheme 1 II in As used
herein, a "local topical formulation" is a fluid
formulation applied externally to less than or equal
to 10% of the total surface area of an animal. The
"local topical formulation" may be referred to herein
as "the formulation of the 



present invention." The local, topical formulation
will be a fluid (including aqueous suspensions) such
as pour-on formulations and spot-on formulations,
spray-on formulations, emulsions, oils, creams, and
ointments. As used herein, a "local topical
administration formulation" is a fluid formulation
including an amount of Indoxacarb and a veterinarily
acceptable carrier that is effective in eradicating
ectoparasites on a domestic animal, decreasing the
number of ectoparasites on a domestic animal, and/or
preventing ectoparasite infestation on a domestic
animal when applied to less than or equal to 10% of
the total surface area of a domestic animal. The
"local topical formulation" may be referred to herein
as "the formulation of the present invention." In some
preferred embodiments, the local topicalformulation
may include a crystallization inhibitor. A "fluid
formulation" includes, for example, liquid
formulations such as pour-on formulations, spot-on
formulations and spray-on formulations which maybe in
the form of solutions, emulsions (oil-in-water or
water-in-oil), suspoemulsions, microemulsions,
suspensions (aqueous or non aqueous), oils, creams and
ointments. A "fluid formulation" may also include
dusts, water dispersible granules, wettable powders
and aerosols. The "fluid formulation" may be
ready-to-use or require preparation such as dilution
with water prior to use. As used herein the term
"persistent efficacy," means that a formulation of the
present invention maintains the ability to control
ectoparasites (i.e , eradicate ectoparasites on a
domestic anirrtaj, decrease the number of
ectoparasites on a domestic animal, and/or prevent
ectoparasite infestation on a domestic animal) over a
specified period of time or conditions; for example,
throughout a given number of aqueous washes, or over a
given number of days, weeks or months. In some
embodiments, efficacy is sufficiently persistent such
that no more than a 20%, 10%, or 5% decrease in
efficacy is seen after a single treatment. In this
context the term "efficacy" refers to the ability of a
formulation to control ectoparasite infestation. As
used herein, the terms "spot-on" and "pour-on" refer
to formulations applied to a localized region or
regions on an animal having a cumulative surface area
of less than or equal to 10% of the total surface area
of the animal, and also to the method of applying a
composition to a localized surface area of an animal
wherein said localized area or areas cumulatively
comprise less than or equal to 10% of the total
surface area of the animal. As used herein, the term
"veterinarily acceptable" refers to ingredients,
compositions or methods of treatment that do not cause
significant adverse reactions in or on a domestic
animal, and additionally do not pose a danger of human
toxicity or other adverse reactions in the surrounding
environment of such animal in situations where humans
may be exposed to such environment. The term
"veterinarily acceptable carrier," as used herein,
refers to all of the ingredients within a composition
of the invention except Indoxacarb, or in the case of
a composition containing Indoxacarb plus one or more
additional pesticidally activeingredients, the
ingredients in such composition except the ldoxacarb
and the other pesticidally active ingredients.
Examples of ingredients or compounds that may be
comprised within the veterinarily acceptable carrier
include solvents, crystallization inhibitors,
antioxidants, adjuvants, cosolvents, colorants,
surfactants, oils, light stabilizers, tackifiers,
suspending agents, propellants, bulking agents and
fragrance enhancers or maskers. As used herein, the
words "comprises" or "comprising" are intended as
openended transition phrases meaning the inclusion of
the named elements, but not necessarily excluding
other unnamed elements. As used herein, the phrases
"consists essentially of and "consisting essentially
of are intended to mean the exclusion of additional
components and/or agents that have a material effect
on the basic properties of the formulations of the
invention. In particular, an additional component
and/or agent that inhibits the crystallization of
Indoxacarb and/or a pesticide agent in a formulation
would have a material effect on the formulation.
Therefore, such a crystallization inhibitor would not
be included when the terms "consists essentially of
and "consisting essentially of are employed, unless
that crystallization inhibitor was explicitly included
in that formulation. The phrases "consisting of or
"consists of are intended as a transition meaning the
exclusion of all but the recited elements with the
exception of only minor traces of impurities. Methods
and Formulations Targeting Ectoparasites on Domestic
Animals In one aspect, the present invention provides
a method for controlling ectoparasite infestation on a
domestic animal (e.g. elimination and/or prevention of
infestations of ectoparasites such as adult fleas or
ticks.) The method includes topically applying to a
localized region of skin on the animal, having a
surface area of less than or equal to 10% of the total
surface area of the domestic animal, an
ectoparasitically effective amount of a local topical
formulation comprising Indoxacarb and a veterinarily
acceptable carrier. WThe formulations of the present
invention include so called "pour-on" and "spot-on"
formulations. In addition to application of the
formulations of the invention onto the surface of
healthy or normal regions of the skin of domestic
animals, such localized regions may also include, or
may be wholly comprised of, a wound to the dermal
layer, such as a cut or sore. Thus, in some
embodiments, the present invention is also useful in
treating ectoparasite infection of a wound. In some
embodiments, the formulation is applied to a single
localized region that is equal to or less than 10%, 5%
or 2% of the total surface area of the animal, or is
applied to a combination of two or more localized
regions or areas of the skin of a domestic animal that
together comprise less than 10%, 5% or 2% of the total
surface area of the animal. Without being limited by
any particular mechanism of action, it is believed
that the active ingredient, Indoxacarb diffuses after
localized topical application beyond the localized
region to provide ectoparasitic control over the
entire, or a significant portion of the domestic
animal's body. In preferred embodiments, the
formulations of the present invention are applied onto
a single spot or region of the skin using "spot-on" or
"pour-on" applications to the skin of the animal. In
some embodiments especially useful for cats and dogs,
this application is localized over a surface area
equal to or less than 10 cm2, especially between 5 and
10 cm2. In some particularly preferred embodiments,
the formulation is applied at one or more points along
the backline of the animal. For example, for low dose
volumes a single spot between the shoulders will be
suitable; however for high dose volumes multiple
locations along the back is recommended. In some
preferred embodiments, the formulations are
particularly advantageous due to their efficacy,
persistency, and the pleasant appearance of the
animal's fur after application and drying, in that
such preferred formulations have been designed to
minimize or eliminate crystallization on the hairs and
maintain the cosmetic appearance of the coat without
stickiness or a sticky appearance, even when high
concentrations of active material are present. Thus,
in another aspect, the present invention provides a
local topical formulation for eradication, reduction
and/or prevention of ectoparasite infestation in a
domestic animal comprising aneffective amount of
Indoxacarb and a veterinarily acceptable carrier
comprising a crystallization inhibitor. A
crystallization inhibitor as used herein is a
substance that minimizes formation of visible
Indoxacarb crystals or precipitates of Indoxacarb
and/or any other pesticide agent from the formulation
after application to the animal. Candidate compounds
for use as crystallization inhibitors may be tested
using assays commonly known in the art. For example,
the candidate crystallization compound(s) may be.added
to Indoxacarb and a veterinarily acceptable solvent on
a glass slide at 200C for 24 hours, after which the
composition is observed with the naked eye to
determine whether crystals are formed. Alternatively,
a local topical formulation including a candidate
compound may be applied to a domestic animal at 



room temperature, after which the animal is observed
with the naked eye to determine whether crystals are
formed. Examples of other crystallization inhibitors
include: triacetin, polyvinylpyrrolidone, polyvinyl
alcohols, copolymers of vinyl acetate and
vinylpyrrolidone, polyethylene glycols,
polyethoxylated sorbitan esters; lecithin, acrylic
derivatives such as methacrylates and others, anionic
surfactants such as alkali metal stearates, especially
of sodium, of potassium or of ammonium; calcium
stearate; triethanolamine stearate; sodium abietate;
alkylsulphates, especially sodium laurylsulphate and
sodium cetylsulphate; sodium dodecylbenzenesulphonate,
sodium dioctylsulphosuccinate; fatty acids, especially
those derived from copra oil, cationic surfactants
such as water-soluble quaternary ammonium salts of
formula N+ R R11R111R"", Y- in which the R radicals
are optionally hydroxylated hydrocarbon radicals, and
Y- is an anion of a strong acid, such as halide,
sulphate and sujphonate anions;
cetyltrirhethylammonium bromide is among the cationic
surfactants. utilizable, the amine salts of formula N+
R R R" in which the R radicals are optionally
hydroxylated hydrocarbon radicals; octadecylamine
hydrochloride is among the cationic surfactants
utilizable, the non-ionic surfactants such as
optionally polyethoxylated sorbitan esters, in
particular Polysorbate 80, polyethoxylated alkyl
ethers; polyethylene glycol stearate, polyethoxylated
castor oil derivatives, polyglycerol esters,
polyethoxylated fatty alcohols, polyethoxylated fatty
acids, copolymers of ethylene oxide and propylene
oxide, amphoteric surfactantssuch as substituted
lauryl betaine compounds, or preferably a mixture of
at least two of these. The crystallization inhibitor
may be present in any appropriate proportion and
concentration so as to be effective in inhibiting
crystallization of the particular dosage of Indoxacarb
within the selected formulation. A combination of
crystallization inhibitors may also be used. In some
embodiments, the proportion of crystallization
inhibitor(s) is present from 1 to 60% (WW) from 5 to
50% (VWV), or from 10 to 40% (W/V). Thus, in the most
preferred embodiments, once deposited, the formulation
diffuses over the animal's body and then dries without
crystallizing or modifying the appearance (in
particular absence of any whitish deposit or dusty
appearance) or the feel of the fur or skin of the
animal. Preferred formulations are sufficiently
persistent in terms of efficacy so as to reduce the
periodicity and the cost associated with
administration of the formulation to the domestic
animal. In some cases, the formulation is applied no
more than twice per week, no more than once per week,
no more than once per month, or no more than once
every three months. Thus, certain formulations of the
present invention maintain persistent efficacy for at
least 48 hours, 1 week, 1 month, 2 months or in some
cases up to 3 months. The formulations may also be
sufficiently persistent to withstand washing of the
domestic animal with an aqueous solution (e.g. soap
and water.) Thus, the formulation may maintain
persistent efficacy after at least one or even five
aqueous solution washes. A variety of ectoparasites
may be targeted using the formulations of the present
invention. In some embodiments, the ectoparasite is a
flea, fly, or louse, including flea eggs, flea larvae,
fly eggs or fly larvae. Where the formulations of the
present invention are designed to target flea eggs,
flea larvae, fly eggs or fly larvae, the life-cycle of
the flea and/or fly is broken thereby reducing
environmental population pressures. For the purposes
of the present invention, the term flea is understood
to refer to all the usual or accidental species of
parasitic flea of the order Siphonaptera, and in
particular the genus Ctenocephalides, in particular
the cat flea(C. felis) and dog flea (C. canis), rat
flea (Xenopsylla cheopis) and human flea (Pulex
irritans). Any appropriate domestic animal may be
treated with the formulations of the present invention
in situations where it is desirable to control
ectoparasites on such animal, or in the environs of
such animal. In certain preferred embodiments, the
domestic animal is a mammal such as a cow, horse, ass,
pig, bird, camel, dog, cat, deer, sheep, or goat. The
local topical formulations may be prepared by simply
mixing the constituents as defined above, or in cases
where the carrier is an emulsion, suspension or
suspoemulsion, aggressive mixing or homogenization
will be required and in the cases where the Indoxacarb
(DPX-KN128) is present in solid form (suspensions,
susopemusions, dusts, powders and granules) milling
will be required to reduce the Indoxacarb (DPX-KN128)
particle size. Methods of preparations of the
formulations of the invention will be obvious to one
skilled in this art due to the chemically-defined
nature of Indoxacarb and the preferred ingredients in
the claimed formulations. For example, the active
material may be mixed in the veterinarily acceptable
solvent and other components of the veterinarily
acceptable carrier are then added, or the veterinarily
acceptable carrier may be constituted to comprise all
of the ingredients of the formulation except
Indoxacarb, and then the Indoxacarb (and optionally
other pesticidally active ingredients) are then added
to the veterinarily acceptable carrier composition. In
some embodiments, an additional component within the
carrier will be an antioxidant. Useful antioxidants
include, for example, butylhydroxyanisole,
butylhydroxytoluene, ascorbic acid, sulphites,
metabisulphites, or thiosulphates (e g sodium
thiosulphate, sodium metabisulphite, potassium
metabisulphite, etc.), propyl gallate, and/or
tocopherol, or a mixture of not more than two of these
agents One or more additional pesticidai agents may be
included within the formulations of the invention.
Useful pesticides include insect growth regulators,
organophosphate pesticides, carbamate pesticides,
organochlorine pesticides, pyrethrin pesticides,
pyrethroid pesticides, nicotine pesticides,
neonicotinoidpesticides, copper-containing pesticides,
anthelmintic agents, benzimidazole pesticides,
salicylanilide pesticides, substituted phenol
pesticides, pyrimidine pesticides, and imidazothiazole
pesticides. Particularly preferred are formamidine
insecticides such as amitraz, semicarbazone
insecticides such as metaflumazone and phenylpyrazoles
such as fipronil. Fipronil has been described in U.S.
Patent Nos. 5,232,940, 6,096,329, 6,395,765 and
6,716,442, the contents of which are incorporated
herein by reference. In one such embodiment the
formulation includes an effective amount of fipronil
and Indoxacarb. In some embodiments, the
imidazothiazole pesticide is levamisoie. The
pyrimidine pesticide may be pyrantel. The substituted
phenol pesticide may be nitroxynil. The
saljcyla.nilide pesticide may be.cjosantel or
oxyclozanide. The benzimidazole pesticide may be
albendazole or triclabendazole. The anthelmintic agent
may be a rnacrocyclic lactone such as an avermectin
(e:g., ivermectin) or a milbemycin (e.g., moxidectin).
The organophosphate pesticide may be dicrotophos,
terbufos, dimethoate, diazinon, disulfoton,
trichlorfon, azinphos-methyl, chlorpyrifos, malathion,
oxydemeton-methyl, methamidophos, acephate, ethyl
parathion, methyl parathion, mevinphos, phorate,
carbofenthion, phosalone, naphthalophos or pyraclofos.
The carbamate pesticide may be carbaryl, carbofuran,
aldicarb, or carbofuran. The pyrethroid pesticide may
be allethrin, resrnethrin, permethrin, deltamethrin or
tralomethrin. The copper-containing pesticide may be
copper (II) hydroxide, or copper oxychloride sulfate
(i.e. (Cu2CI(OH)3) mixed with (Cu4(OH) 6(SO4)). The
neonicotinoid pesticide may be imidacloprid,
nitenpyram or dinotefuran. Additionally, in some
embodiments, the pesticide agent is a pyrethrin
pesticide, Bacillus thuringensis toxin,
chlorobenzilate, cyfluthrin, cypermethrin, dicofol,
endosulfan, esfenvalerate, fenvalerate,
lambda-cyhalothri p, methoxychlor, sulfur, cyclodiene,
ryania, KT-199 (an antihelminthic antibiotic), or
praziquantel. The insect growth regulator may be a
chitin synthesis inhibitor or a juvenile growth
hormone mimic. In certain embodiments, the insect
growth regulator is 



azadirachtin.^diofenolan, fenoxycarb, hydroprene,
kinoprene, methoprene, -pyriproxyfen,
tetrahydroazadirachtin, chlorfluazuron, cyromazine,
diflubepzuron, fluazuron, flucycloxuron, flufenoxuron,
hexaflumuron, lufenuron, novaluron, tebufenozide,
teflubenzuron, and triflumuron. These additional
pesticidal agents may be present in amounts to
optimize and efficacy and persistency of the
formulation. Particularly. These additional pesticidal
agents may be present from about 0.05% to about 80%.
In a preferred embodiment, the additional pesticidal
agent in the formation is permethrin, present an
amount from about 30% to about 75%. In another
preferred embodiment, the additional pesticidal agent
is fipronil, present in an amount from about 5% to
about 25%. In another preferred embodiment, the
additional pesticidal agent is ivermectin, present in
an amount from about 0.05% to about 10%. In another
preferred embodiment, the additional pesticidal agent
is abamectin, present in an amount from about 0.05% to
about 10%. In another preferred embodiment, the
additional pesticidal agent is moxidectin, present in
an amount from about 0.05% to about 10%. In another
preferred embodiment, the additional pesticidal agent
is doramectin, present in an amount from about 0.05%
to about 10%. In another preferred embodiment, the
additional pesticidal agent is eprinomectin, present
in an amount from about 0.05% to about 10%. In another
preferred embodiment, the additional pesticidal agent
is selamectin, present in an amount from about 0.05%
to about 10%. In another preferred embodiment, the
additional pesticidal agent is methoprene, present in
an amount from about 1% to about 20%. In another
preferred embodiment, the additional pesticidal agent
is S-methoprene, present in an amount from about 1%.to
about 20%. Although the selection of an appropriate
solvent for the Indoxacarb will be important aspect in
preparation of an effective, persistent and
cosmetically-desirable formulation, a variety of
veterinarily acceptable solvents are useful in the
present invention. A "veterinarily acceptable
solvent," as used herein, is a solvent that is
non-toxic when topically applied to a domestic animal
and is capable of sufficiently solvating indoxacarb to
form a solution. For example, veterinarily acceptable
solvents of the present invention do not cause rashes
or inflammation of the dermallayer on a domestic
animal. The veterinarily acceptable solvent is
typically not easily ignited, or if ignited, does not
burn rapidly. The veterinarily acceptable solvent may
also appear non-greasy after applying to said domestic
animah In some embodiments the veterinarily acceptable
solvent has a dielectric constant of between 0 and 40,
between 0 and 20, or between 0 and 10. Examples of
veterinarily acceptable solvents are useful in the
present invention, including diethylene glycol
monobutyl ether, glycerin triacetate, diethylene
glycol monomethyl ether, diethylene glycol monoethyl
ether, benzyl benzoate, ethylene glycol monobutyl
ether, ethyl lactate, dipropylene glycol monomethyl
ether, ethylene glycol monobutyl ether acetate,
isopropyl alcohol, benzyl alcohol, ethyl acetoacetate,
2-pyrrolidinone, dimethyl isosorbide, diacetone
alcohol, tetrahydrofurfuryl alcohol, propylene glycol
monomethyl ether, ethanol, propylene carbonate,
diethyl phthalate, glycerine triacetate heptyl
acetate, methyl caprylate/caprate, N.N-dimethyl
caprylamide, pentyl acetate, hexyl acetate, cyclohexyl
acetate, ethylene glycol diacetate, methoxypropyl
acetate, furfuryl alcohol, dibutyl phthalate, N-methyl
pyrrolidinone, glycerol formal, 2,6-dimethyl-4-
heptanone, methyl ethyl ketone, methyl isobutyl ketone
and cyclohexanone. In some preferred embodiments, the
veterinarily acceptable solvent for Indoxacarb is a
glycol ether or alkyl acetate, such as ethyl
acetoacetate. In certain especially preferred
embodiments the veterinarily acceptable solvent is
ethyl acetoacetate or dipropylene glycol monomethyl
ether. Some of the formulations of the present
invention may also include additional agents such as
adjuvants, co-solvents, colorants, surfactants,
spreading oils, antioxidants, light stabilizers,
suspending agents, propellants, bulking agents and/or
tackifiers. Colorants are all colorants which are
licensed for use on animals and which can be dissolved
or suspended. The selection and use of such additional
agents to achieve certain desirable characteristics in
topical formulations are well known in this art.
Examples of light stabilizers are substances from the
benzophenone class, or novantisolic acid.Examples of
tackifiers are cellulose derivatives, starch
derivatives, polyacrylates, polyvinyl pyrrolidone, and
natural polymers such as alginates and gelatin.
Adjuvants may include spreading oils such as isopropyl
myristate, dipropylene glycol pelargo pate, silicone
oils, fatty acid esters, triglycerides and fatty
alcohols. For example, pour-on and spot-on
formulations may advantageously comprise carriers that
assist rapid distribution over the surface of the skin
and in the coat of the host animal and are generally
termed spreading oils. Many spreading oil/solvent
combinations are suitable, e.g., oily solutions;
alcoholic and isopropanolic solutions, e.g., solutions
of 2-octyl dodecanol or oleyl alcohol; solutions in
esters of monocarboxylic acids, such as isopropyl
myristate, isopropyl palmitate, lauric acid oxalic
ester, oleic acid oleyl ester, oleic acid decyl ester,
hexyl laurate, oleyl oleate, decyl oleate, caproic
acid esters of saturated fatty alcohols of chain
length C12 -Ci ; solutions of esters of dicarboxylic
acids, such as dibutyl phthalate, diisopropyl
isophthalate, adipic acid diisopropyl ester,
di-n-butyl adipate or solutions of esters of aliphatic
acids, e.g., glycols. It may be advantageous for a
dispersant known from the pharmaceutical or cosmetic
industry also to be present. Examples are pyrrolidin-
2-one, /V-alkylpyrrolidip-2-one, acetone, polyethylene
glycol and its ethers and esters, propylene glycol or
synthetic triglycerides. The formulations of the
present invention may further include sorbitan
monolaurate, dipropylene glycol monomethy! ether,
triethanolamine, benzyl alcohol, isopropyl alcohol,
and/or ethyl acetoacetate. Useful anionic surfactants
include alkaline stearates, in particular sodium,
potassium or ammonium stearate; calcium stearate;
triethanolamine stearate; sodium abietate; alkyl
sulphates, in particular sodium lauryl sulphate and
sodium cetyl sulphate; sodium
dodecylbenzenesulphonate, sodium
dioctylsulphosuccinate; fatty acids, in particular
those derived from coconut oil. Useful cationic
surfactants include water-soluble quaternary ammonium
salts of formula N+ R R1R R"",Y in which the radicals
R are optionally hydroxylated hydrocarbon radicals and
Y is an anion of a strong acid such as the halide,
sulphateand sulphonate anions; cetyltrimethylammonium
bromide is among the cationic surfactants which can be
used. Useful cationionic surfactant include amine
salts of formula N+ R R R" in which the radicals R are
H or optionally hydroxylated hydrocarbon radicals;
octadecylamine hydrochloride is among the cationic
surfactants which can be used. Useful nonionic
surfactants include polyoxyethylenated sorbitan
esters, in particular polysorbate 80,
polyoxyethylenated alkyl ethers; polyethylene glycol
stearate, polyoxyethylenated derivatives of castor
oil, polyglycerol esters, polyoxyethylenated fatty
alcohols, polyoxyethylenated fatty acids, copolymers
of ethylene oxide and propylene oxide. Useful
amphoteric surfactants include substituted lauryl
compounds of betaine. The dose and concentration of
Indoxacarb in the formulations of the present
invention are chosen to optimize the efficacy and
persistency of the formulations. In some embodiments,
the concentration of Indoxacarb in the formulation is
at least 100 g/L, 150 g/L, or 200 g/L; or from 1 to
50% (w/v), 5 to 35% (w/v), or 10 to 20% (w/v). In some
preferred embodiments; the concentration is about
200g/L or 20% (w/v). In certain applications (e.g.
where the domestic animal is a pet), the concentration
is also chosen to minimize any undesired appearance
(e.g. white crystals of Indoxacarb) of the animal
after application of the formulation. The total 



amount of Indoxacarb administered to the domestic
animal is typically from 1 to 50 mg per kg of body
weight, 2 to 25 mg per kg of body weight, or 5 to 15
mg per kg of body weight. In some embodiments, the
formulation is applied to the animal's back and at
several points or along the line of the back, and
applied in low volume, such as 5 to 20 ml per 100 kg,
or 10 ml per 100 kg. In some embodiments, the total
volume is 10 to 150 ml per animal, sometimes limited
to 50 ml. For example, the volume applied to cats may
be from about 0.3 to 1 ml for cats, and from about 0.5
to 5 ml for dogs, according to the weight of the
animal. In some embodiments, the veterinariiy
acceptable carrier may be in the form of an emulsion
or solution for application to a localized region of
the animal's skin(e.g. between the two shoulders as in
spot-on type applications). Formulations may include
solutions to be sprayed, poured, spread, or spotted
onto the animal, oils, creams, ointments or any other
appropriate fluid formulation for topical
administration. Pour-on and spot-on formulations may
be poured, spotted or sprayed onto limited areas of
the skin. Pour-on and spot-on formulations may be
prepared by dissolving, suspending or emulsifying the
active compound in suitable solvents or solvent
mixtures which are tolerated by the skin. The
formulation maybe in the form of a
stable-at-room-temperature, ready-to-use solution that
is applied topically and locally on the animal. ,
Veterinarily acceptable emulsions are either of the
water-in-oil type or of the oil-in-water type. They
are prepared by dissolving the Indoxacarb either in
the hydrophobic or in the hydrophilic phase and
homogenizing this phase with the solvent of the other
phase, with the aid of suitable emulsifiers and, if
appropriate, other adjuvants such as colorants,
absorption accelerators, preservatives, antioxidants,
light stabilizers, and/or viscosity-increasing
substances. Examples of hydrophobic phase (oils)
include paraffin oils, silicone oils, natural
vegetable oils such as sesame seed oil, almond oil,
castor oil, synthetic triglycerides such as
caprylic/capric acid biglyceride, triglyceride mixture
formed from vegetable fatty acids of chain length
C8-12 or with other specifically selected natural
fatty acids, partial glyceride mixtures of saturated
or unsaturated fatty acids which may also contain
hydroxyl groups, and mono- and diglycerides of the
C8/C10-fatty acids. Fatty acid esters such as ethyl
stearate, di-n-butyryl adipate, hexyl laurate,
dipropylene glycol pelargonate, esters of a branched
fatty acid of medium chain length with saturated fatty
alcohols of chain length C16-C1 8, isopropyl
myristate, isopropyl palmitate, caprylic/capric esters
of saturated fatty alcohols of chain length C12-C1 8,
isopropyl stearate, oleyl oleate, decyl oleate, ethyl
oleate, ethyl lactate, waxy fatty acid esters such as
dibutyl phthalate, diisopropyl adipate, ester mixtures
related to the latter, and fatty alcohols such as
isotridecyl alcohol, 2-octyldodecanol, cetylstearyl
alcohol and oleyl alcohol.Hydrophilic phase solvents
include water, alcohols, propylene glycol, glycerol,
sorbitol and their mixtures. Emulsifiers include
non-ionic surfactants, for example polyoxyethylated
castor oil, polyoxyethylated sorbitan monooleate,
sorbitan monostearate, glycerol monostearate,
polyoxyethyl stearate, aikylphenol polyglycol ethers;
ampholytic surfactants such as di-sodium N-lauryl-
b-iminodipropionate or lecithin; anionic surfactants
such as sodium lauryl sulphate, fatty alcohol ether
sulphates, the monoethanolamine salt of mono/dialkyl
polyglycol ether orthophosphoric esters; cationic
surfactants such as cetyltrimethylammonium chloride.
Useful viscosity-increasing substances and substances
which stabilize the emulsion include
carboxymethylcellulose, methylcellulose and other
cellulose and starch derivatives, polyacrylates,
alginates, gelatin, gum arabic, polyvinylpyrrolidone,
polyvinyl alcohol, copolymers of methyl vinyl ether
and maleic anhydride, polyethylene glycols, waxes,
colloidal silica, or mixtures of the substances
mentioned. EXAMPLES The materials and methods of the
present invention are further illustrated by the
examples which follow. These examples are offered to
illustrate, but not to limit, the claimed invention.
Example 1 Dose Response Study on Canines against Fleas
using Indoxacarb Local topical Administration
Containing Dimethyl lsosorbide and Propylene Glycol
Monomethyl Ether A non-blinded prospective
longitudinal artificial infestation parasite efficacy
pen study was conducted with a fully randomized design
(ranking and blocking based on breed and pre-treatment
flea count). There were 5 treatment groups of 6 dogs
each, and an untreated control group. Thirty-three
(33) adult dogs (Labrador Retrievers and Jack Russell
Terriers) were inducted, clinically examined, weighed,
identified and allocated to study penson Day -7. Each
dog was artificially infested with 100 fleas
(Ctenocephalides felis) on Day -5 and again on Day -2.
On Day - 1 flea thumb counts were performed on all
dogs and 30 dogs were selected for inclusion. These
dogs were randomly allocated to 5 similar groups of 6
animals on the basis of breed and flea counts, and
groups were allocated to study pens. On Day 0 , Groups
B, C, D and E were treated with a local topical
administration formulation containing Indoxacarb
(DPX-K128) dissolved in a mixture of Dimethyl
lsosorbide (DMI) and Propylene Glycol Monomethyl Ether
(90% Dimethyl lsosorbide (DMI) and 10% Propylene
Glycol Monomethyl Ether by volume) to form a total
concentration of 75, 100, 125 or 150 g/L of Indoxacarb
(DPXK128). The starting material to prepare the
formulation was a mixture of DPX-K128- and DPX-KN 127
(the R-isomer of Formula 1) and contained 70.43%
Indoxacarb (DPX-K128). Hence for every 1 gram of
Indoxacarb (DPX-K128) required, 1.42 grams of this
mixture was used. The formulation was administered via
spot-on application (i.e. applying in liquid form to
less than or equal to 10% of the surface area of the
animal) to the dorsal midline at the rate of 0.1 mL/1
kg. Group A remained untreated as controls. Group B
was dosed at the rate of 7.5 mg/kg; Group C at the
rate of 10.0 mg/kg; Group D at the rate of 12.5 mg/kg;
and Group E at the rate of 15.0 mg/kg. Flea thumb
counts were performed at 24 hours. Flea comb counts
were performed at 48 hours post-treatment and all dogs
then treated with Capstar(r) oral tablets (Nitenpyram,
Novartis Animal Health) to remove all fleas prior to
the next infestation. Animals were re-infested with
100 adult fleas at 7, 14, 2 1 and- 28 days
post-treatment. At 24 hours after each infestation,
flea comb counts were performed followed by Capstar
treatment. In the first 48 hours post treatment Group
D (12.5 mg/kg) and Group E (15.0 mg/kg) showed 99.0%
and 100% reduction of flea infestation at 24 hrs and
100% and 99.4% reduction at 48 hrs respectively. Group
B (7.5 mg/kg) and C (10.0 mg/kg) also showed excellent
knockdown efficacy, both achieving 97.9% reduction at
24 hrs and 99.4% and 100% respectively at 48 hrs.Al!
four groups showed excellent persistent efficacy being
at or near 100% reduction (all >99%) from the 48 hour
count until 29 days post-treatment. Example 2 Effect
of Washing on Persistency At completion of the study
described in Experiment 1 above, a further washing
study was conducted using the six dogs in Group E for
a further two weeks. During the two-week period, four
of the six dogs from Group E were washed twice weekly
in a non-insecticidal hydrobath, while the other two
dogs from Group E were not washed and acted as
controls. On Day 43 post-treatment, the 6 dogs were
infested with 100 fleas and then had their ability to
retain a flea infestation assessed on Day 44 by a flea
comb count. The results are shown in Table 1 below.
Table 1 



These results demonstrated that all the dogs had low
flea counts and were still resistant to maintaining a
flea infestation, suggesting excellent persistence at
44 days even after 4 thorough shampoo hydrobath
washes. Example 3 Efficacy Study on Canines against
Fleas using 15 mg/kq Indoxacarb Local Topical
Administration Formulations The study was a
non-blinded, prospective longitudinal randomized
clinical efficacy pen study with groups of 3 dogs each
receiving one of 5 treatments; 4 test formulation
treatments, and a negative control (no treatment).
Animals were rankedon the basis of breed and
pre-treatment flea count, then randomly allocated to
groups from blocks. Animals were artificially infested
and parasite counts performed according to
standardized methods. Twenty (20) adult dogs (Labrador
Retrievers and Jack Russell Terriers) were inducted
into the study on Day -6 and each artificially
infested with 100 fleas (Ctenocephalides felis) on Day
-4. On Day - 1, flea counts were performed and 18 dogs
selected for inclusion. The dogs were randomly
allocated to 6 similar groups of 3 animals on the
basis of breed and flea counts, and groups were
randomly allocated to study pens. Each dog was again
infested with 100 fleas. On Day - 1 flea counts were
again performed on all dogs. On Day 0, Groups B, C, D
and E were treated with one of 4 different 15.0 mg/kg
Indoxacarb (DPX-KN 128) local topical -administration
formulations as shown in Table 2 below. A 3:1 mixture
of DPX- . KN128:DPX-KN 127 on silica was the starting
material for the formulations. This material contained
56.2% indoxacarb (DPX-KN128). Hence for every 1
milligram of Indoxacarb (DPX-KN 128) required, 1.78
milligrams of this mixture was used. The formulations
were applied as a spot-on dose from the base of the
neck to the shoulders. The vehicle for Groups B C and
D was Dimethyl lsosorbide (DMI) and the vehicle for
Group E contained 40 g/L Polyvinyl Pyrrolidone, 47 g/L
Ethoxylated Castor Oil, 33 g/L Ethanol and was diluted
to volume with 1-Methyl-2-Pyrrolidinone. Group A
remained untreated. Table 2Flea counts were performed
at 24 and 48 hours post treatment. Flea infestations
were repeated at 7 , 14, 2 1, 28, 35 and 42 days post
treatment and flea counts were performed at 24 and 48
hours following each infestation. Treatment with all
formulations resulted in excellent (at or near 100%
reduction) flea control for 44 days post-treatment
with the exception of Group B, for which excellent
control was observed for 37 days post-treatment. These
results are presented in Table 3.Table 3 Group %
Reduction in Flea Counts as Compared to Contemporary
Control Counts. Example 4 Exemplary Formulations Table
4 below provides a listing of certain prepared topical
administration formulations. Table 4 Formulation %
Number Ingredients w/v 1 Indoxacarb 10 Dipropylene
glycol monomethyl ether QS Indoxacarb 10 lsopropyl
myristate 2.0 Span 20 2 0 Dipropylene glycol
monomethyl ether QS Indoxacarb 10 Ethylene glycol
monobutyl ether acetate QS Indoxacarb 10Formulation %
Number Ingredients w/v Ethyl lactate 40 lsopropyl
myristate 5.0 Triethanolamine 0.02 lsopropyl alcohol
QS 5 Indoxacarb 10 Ethyl acetoacetate 50 lsopropyl
myristate 5.0 Triethanolamine 0.02 lsopropyl alcohol
QS 6 Indoxacarb 20 Triacetin 30 Triethanolamine 0.02
Ethyl acetoacetate QS 7 Indoxacarb 20 Triacetin 25
Polysorbate 80 10 Triethanolamine 0.02 Ethyl
acetoacetate QS 8 Indoxacarb 20 lsopropyl myristate 25
Triethanolamine 0.02 Ethyl acetoacetate QS 9
Indoxacarb 20 lsopropyl myristate 10 Propylene
carbonate 35 Triethanolamine 0.02 Ethyl acetoacetate
QS 10 Indoxacarb 20 lsopropyl myristate 10 Dipropylene
glycol monomethyl ether 30 Triethanolamine 0.02 Ethyl
acetoacetate QS 11 Indoxacarb 20 Polysorbate 80 10
Polyvinyl pyrrolidone K-17 5 Triethanolamine 0.02
Ethyl acetoacetate QSFormulation % Number Ingredients
w/v 12 Indoxacarb 20 lsopropyl myristate 10 Benzyl
alcohol 30 Triethanolamine 0.02 Ethyl acetoacetate QS
13 Indoxacarb 20 Fipronil 10 Ethyl acetoacetate QS 14
Indoxacarb 20 Fipronil 10 Dipropylene glycol
monomethyl ether QS Example 5 EVALUATION OF THE
SAFETY. APPEARANCE AND RUN-OFF POTENTIAL OF TOPICAL
SOLUTIONS CONTAINING INDOXACARB WHEN APPLIED ON DOGS. 



A series of studies were conducted to evaluate the
safety, appearance and potential for run-off of
various topical solutions of Indoxacarb following
application on adult beagle dogs. For all experiments
set forth in Table 5, male and female dogs weighing
between 10 and 20 kg were randomly assigned to each
formulation group. A dose volume of 1.5 mL was applied
to each dog, which delivered a minimum dose of 15 mg
indoxacarb/kg body weight. At the time of application,
hair at the treatment site was parted and the
formulations were applied directly to the skin in a
single location between the shoulder blades. The
application site and hair coat were then observed
closely for spread of the solution, signs of residue
and wetness, and to determine if any of the solution
ran off the animal following treatment (at 5, 15, 30,
60 and 180 minutes and 24 hours). Skin and hair in
proximity to the treatment site were examined for any
adverse reactions at 24 hours following treatment.
Table 5 provides a listing of the ingredients of the
formulations that were tested in sixteen separate
experiments. Each formulation was applied to four
dogsin each study with the exception of Study Number
X07-055-12 (6 dogs/formulation) and Studies X07-055-13
and X07-055-14 (36 dogs/formulation). All of the
formulations were safe and there were no adverse
effects on the skin or hair of treated dogs.
Formulations V Z AB, AC, AE, AF, AG and AH were
identified as having preferred characteristics of a
commercial spot-on treatment. These preferred
characteristics included: lack of drips or run-off
upon application, minimal appearance of residue or
crystals upon drying and relatively fast drying of the
application site. The formulations with the least
desirable characteristics (i.e., appearance of
drips/run-off, residue and wetness) were Formulations
C, E, G J Q, and S. The characteristics of the
remaining formulations were intermediate. Table 5NEW
SMALL MOLECULE INHIBITORS OF MDM2 AND THE USES THEREOF
[0001] The present application claims priority to U.S.
Provisional Patent Application Serial No. 60/841,150,
filed 08/30/2006, which is herein incorporated by
reference in its entirety. BACKGROUND OF THE INVENTION
Field of the Invention [0002] This invention is in the
field of medicinal chemistry. In particular, the
invention relates to small molecules which function as
antagonists of the interaction between p53 and MDM2
and their use therapeutics for the treatment of cancer
and other diseases. Related Art [0003] The aggressive
cancer cell phenotype is the result of a variety of
genetic and epigenetic alterations leading to
deregulation of intracellular signaling pathways
(Ponder, Nature 411:336 (2001)). The commonality for
all cancer cells, however, is their failure to execute
an apoptotic program, and lack of appropriate
apoptosis due to defects in the normal apoptosis
machinery is a hallmark of cancer (Lowe et al,
Carcinogenesis 27:485 (2000)). The inability of cancer
cells to execute an apoptotic program due to defects
in the normal apoptotic machinery is thus often
associated with an increase in resistance to
chemotherapy, radiation, or immunotherapy-induced
apoptosis. Primary or acquired resistance of human
cancer of different origins to current treatment
protocols due to apoptosis defects is a major problem
in current cancer therapy (Lowe et al, Carcinogenesis
27:485 (2000); Nicholson, Nature 407:810 (2000)).
Accordingly, current and future efforts towards
designing and developing new molecular target-specific
anticancer therapies to improve survival and quality
of life of cancer patients must include strategies
that specifically target cancer cell resistance to
apoptosis. In this regard, targeting crucial negative
regulators that play a central role in directly
inhibiting apoptosis in cancer cells represents a
highly promising therapeutic strategy for new
anticancer drug design. [0004] The p53 tumor
suppressor plays a central role in controlling cell
cycle progression and apoptosis (Vogelstein et al,
Nature 408:307 (2000)). It is an attractive
therapeutic target for anticancer drug design because
its tumor suppressor activity can be stimulated
toeradicate tumor cells (Vogelstein et ah, Nature
408:307 (2000); Chene, Nat. Rev. Cancer 3:102 (2003)).
A new approach to stimulating the activity of p53 is
through inhibition of its interaction with the protein
MDM2 using non-peptide small molecule inhibitors
(Chene, Nat. Rev. Cancer 3:102 (2003); Vassilev et ah,
Science 303:844 (2004)). MDM2 and p53 are part of an
auto-regulatory feed-back loop (Wu et ah, Genes Dev.
7:1 126 (1993)). MDM2 is transcriptionally activated
by p53 and MDM2, in turn, inhibits p53 activity by at
least three mechanisms (Wu et ah, Genes Dev. 7:1 126
(1993). First, MDM2 protein directly binds to the p53
transactivation domain and thereby inhibits
p53-mediated transactivation. Second, MDM2 protein
contains a nuclear export signal sequence, and upon
binding to p53, induces the nuclear export of p53,
preventing p53 from binding to the targeted DNAs.
Third, MDM2 protein is an E3 ubiquitin ligase and upon
binding to p53 is able to promote p53 degradation.
Hence, by functioning as a potent endogenous cellular
inhibitor of p53 activity, MDM2 effectively inhibits
p53-mediated apoptosis, cell cycle arrest and DNA
repair. Therefore, small-molecule inhibitors that bind
to MDM2 and block the interaction between MDM2 and p53
can promote the activity of p53 in cells with a
functional p53 and stimulate p53-mediated cellular
effects such as cell cycle arrest, apoptosis, or DNA
repair (Chene, Nat. Rev. Cancer 3:102 (2003); Vassilev
et ah, Science 303:844 (2004)) [0005] Although
high-affinity peptide-based inhibitors have been
successfully designed in the past (Garcia-Echeverria
et ah, Med. Chem 43:3205 (2000)), these inhibitors are
not drug-like molecules because of their poor cell
permeability and in vivo bioavailability. Despite
intensive efforts by the pharmaceutical industry, high
throughput screening strategies have had very limited
success in identifying potent, non-peptide small
molecule inhibitors. Accordingly, there is a need for
non-peptide, drug-like, small molecule inhibitors of
the p53-MDM2 interaction. [0006] The design of
non-peptide small-molecule inhibitors that target the
p53-MDM2 interaction is currently being pursued as an
attractive strategy for anti-cancer drug design
(Chene, Nat. Rev. Cancer 3:102 (2003); Vassilev et ah,
Science 303:844 (2004)). The structural basis of this
interaction has been established by x-ray
crystallography (Kussie et ah, Science 274:948
(1996)). The crystal structure shows that the
interaction between p53 and MDM2 is primarily mediated
by three hydrophobic residues (Phel9, Trp23 and Leu26)
from p53 and a small, deep hydrophobic cleft in MDM2.
This hydrophobic cleft is an ideal site for designing
small-molecule inhibitors that can disrupt the
p53-MDM2 interaction (Chene, Nat. Rev. Cancer 3:102
(2003)).SUMMARY OF THE INVENTION [0007] It is
generally accepted that the inability of cancer cells
or their supporting cells to undergo apoptosis in
response to genetic lesions or exposure to inducers of
apoptosis (such as anticancer agents and radiation) is
a major factor in the onset and progression of cancer.
The induction of apoptosis in cancer cells or their
supporting cells (e.g., neovascular cells in the tumor
vasculature) is thought to be a universal mechanism of
action for virtually all of the effective cancer
therapeutic drugs or radiation therapies on the market
or in practice today. One reason for the inability of
a cell to undergo apoptosis is a decrease in the tumor
suppressor activity of p53, which in many instances is
due to the inhibitory actions of MDM2 on p53 in tumor
cells containing functional p53. The inhibition of p53
activity results in alterations in apoptosis pathways
as well as cell cycle regulation. [0008] The present
invention contemplates that exposure of animals
suffering from cancer to therapeutically effective
amounts of drug(s) (e.g., small molecules) that
increase the function(s) of p53 and p53-related
proteins (e.g., p63, p73) by inhibiting the
interaction between p53 or p53-related proteins and
MDM2 or MDM2-related proteins (e.g., MDMX) will
inhibit the growth of cancer cells or supporting cells
outright and/or render such cells as a population more
susceptible to the cell death-inducing activity of
cancer therapeutic drugs or radiation therapies. In
particular, the inhibitors of the invention may
prolong the half-life of p53 by interfering with the
p53-MDM2 interaction that would normally promote
degradation of p53. The present invention contemplates
that inhibitors of the interaction between p53 or
p53-related proteins and MDM2 and MDM2-related
proteins satisfy an unmet need for the treatment of
multiple cancer types, either when administered as
monotherapy to induce cell growth inhibition,
apoptosis and/or cell cycle arrest in cancer cells, or
when administered in a temporal relationship with
additional agent(s), such as other 



cell death-inducing or cell cycle disrupting cancer
therapeutic drugs or radiation therapies (combination
therapies), so as to render a greater proportion of
the cancer cells or supportive cells susceptible to
executing the apoptosis program compared to the
corresponding proportion of cells in an animal treated
only with the cancer therapeutic drug or radiation
therapy alone. [0009] In certain embodiments of the
invention, combination treatment of animals with a
therapeutically effective amount of a compound of the
present invention and a course of an anticancer agent
or radiation produces a greater tumor response and
clinical benefit in such animals compared to those
treated with the compound or anticancer
drugs/radiation alone.Put another way, because the
compounds will lower the apbptotic threshold of all
cells, the proportion of cells that will successfully
execute the apoptosis program in response to the
apoptosis inducing activity of anticancer
drugs/radiation is increased. Alternatively, the
compounds of the present invention will be used to
allow administration of a lower, and therefore less
toxic and more tolerable, dose of an anticancer agent
and/or radiation to produce the same tumor
response/clinical benefit as the conventional dose of
the anticancer agent/radiation alone. Since the doses
for all approved anticancer drugs and radiation
treatments are known, the present invention
contemplates the various combinations of them with the
present compounds. Also, since the compounds of the
present invention may act at least in part by
stimulating the pro-apoptotic and/or cell
cycle-inhibiting activities of p53 and p53-related
proteins, the exposure of cancer cells and supporting
cells to therapeutically effective amounts of the
compounds should be temporally linked to coincide with
the attempts of cells to execute the apoptosis program
in response to the anticancer agent or radiation
therapy. Thus, in some embodiments, administering the
compositions of the present invention in connection
with certain temporal relationships, provides
especially efficacious therapeutic practices. [0010]
In other embodiments of the invention, inhibitors of
the interaction between p53 or p53-related proteins
and MDM2 and MDM2-related proteins may protect normal
(e.g., nonhyperproliferative) cells from the toxic
effects of certain chemotherapeutic agents and
radiation, possibly through the ability of the
inhibitors to induce cell cycle arrest. In particular,
the inhibitors of the invention may cause cell cycle
arrest in cells comprising wild-type p53 while having
no effect on cancer cells comprising mutated or
deleted p53. This differential protective effect may
allow for more effective treatment of cancer by
allowing the use of higher doses or longer treatments
of chemotherapeutic agents or treatments without
increasing the toxic side effects of such treatment.
[0011] The present invention relates to compounds that
are useful for inhibiting the interaction between p53
or p53-related proteins and MDM2 or MDM2-related
proteins and increasing the sensitivity of cells to
inducers of apoptosis and/or cell cycle arrest. In one
particular embodiment, the compounds have Formula I :I
or a pharmaceutically acceptable salt or prodrug
thereof, wherein: X is CH, O, N, or S, wherein Rg is
absent if X is O or S; Y is O, S, or NR'; Ri, R2, R3,
R4, R5, R6, and R7 are independently H or optionally
substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, aryl, heterocyclic, CO2R', OCOR', CONR'R",
NR11COR', NR1SO2R", SO2NR R", (C=NR')NR"R'", or NR'R";
or R7 forms an aryl, cycloalkyl, or heterocyclic group
with one of R or R6; R is H or optionally substituted
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
aryl, heterocyclic, CO2R', OCOR', CONR'R", SO2NR1R",
or (C=NR')NR"R'"; R9 represents a 6-chloro and a
5-fluoro group; and each R', R" and R'" is
independently H or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, or
heterocyclic; or R' and R", or R" and R'", form a
ring; wherein one of R3 and R4 is CONRR', and one of R
and R' is an optionally substituted cycloalkyl-alkyl
or monocyclo-heterocycloalkyl group or a
dihydroxyalkyl amino group not containing a hydroxyl
group at the 3-position of the alkyl group. The
invention relates to compounds represented by Formula
I, which are inhibitors of the interaction between p53
or p53-related proteins and MDM2 or MDM2-related
proteins. The invention relates to the use of the
compounds of the invention to induce cell cycle arrest
and/or apoptosis in cells containing functional p53 or
p53-related proteins. The invention also relates to
the use of the compounds of the invention for
sensitizing cells to additional agent(s), such as
inducers of apoptosis and/or cell cycle arrest, and
chemoprotection of normal cells through the induction
of cell cycle arrest prior to treatment with
chemotherapeutic agents. In one embodiment, the
invention relates to methods of rendering a normal
cell resistant to chemotherapeutic agents or
treatments, comprising contacting the cell with a
compound of the invention. In one embodiment, the
inventionrelates to methods of protecting normal cells
in an animal with a hyperproliferative disease from
the toxic side effects of chemotherapeutic agents or
treatments, comprising administering to said animal a
compound of the invention. In a particular embodiment,
the invention is directed to the treatment,
amelioration, or prevention of disorders, side
effects, or conditions caused by the administration of
chemotherapeutic agents to normal noncancerous cells
by administering to an animal undergoing chemotherapy
a compound of the present invention. Examples of such
disorders and conditions caused by chemotherapy
include, without limitation, mucositis, stomatitis,
xerostomia, gastrointestinal disorders, and alopecia.
[0013] The compounds of the invention are useful for
the treatment, amelioration, or prevention of
disorders, such as those responsive to induction of
apoptotic cell death, e.g., disorders characterized by
dysregulation of apoptosis, including
hyperproliferative diseases such as cancer. In certain
embodiments, the compounds can be used to treat,
ameliorate, or prevent cancer that is characterized by
resistance to cancer therapies (e.g., those cancer
cells which are chemoresistant, radiation resistant,
hormone resistant, and the like). In other
embodiments, the compounds can be used to treat
hyperproliferative diseases characterized by
expression of functional p53 or p53-related proteins.
In other embodiments, the invention relates to the use
of the compounds of the invention to protect normal
(e.g., nonhyperproliferative) cells from the toxic
side effects of chemotherapeutic agents and treatments
by the induction of cell cycle arrest in those cells.
[0014] The present invention provides pharmaceutical
compositions comprising a compound of Formula I in a
therapeutically effective amount to induce apoptosis
in cells or to sensitize cells to inducers of
apoptosis. [0015] The invention further provides kits
comprising a compound of Formula I and instructions
for administering the compound to an animal. The kits
may optionally contain other therapeutic agents, e.g.,
anticancer agents or apoptosis-modulating agents.
[0016] The invention also provides methods of making
compounds of Formula I . DETAILED DESCRIPTION OF THE
INVENTION [0017] The present invention relates to
compounds represented by Formula I, which function as
inhibitors of the interaction between p53 or
p53-related proteins and MDM2 or MDM2-related
proteins. By inhibiting the negative effect of MDM2 or
MDM2-relatedproteins on p53 or p53-related proteins,
these compounds sensitize cells to inducers of
apoptosis and/or cell cycle arrest and, in some
instances, themselves induce apoptosis and/or cell
cycle arrest. Therefore, the invention relates to
methods of sensitizing cells to inducers of apoptosis
and/or cell cycle arrest and to methods of inducing
apoptosis and/or cell cycle arrest in cells,
comprising contacting the cells with a compound of
Formula I alone or in combination with additional
agent(s), e.g. , an inducer of apoptosis or a cell
cycle disrupter. The invention further relates to
methods of treating, ameliorating, or preventing
disorders in an animal, such as those that are
responsive to induction of apoptosis, comprising
administering to the animal a compound of Formula I
and additional agent(s), e.g., an inducer of
apoptosis. Such disorders include those characterized
by a dysregulation of apoptosis and those
characterized by the proliferation of cells expressing
functional p53 or p53-related proteins. In other
embodiments, the invention relates to methods of
protecting normal (e.g., non-hyperproliferative) cells
in an animal from the toxic side effects of
chemotherapeutic agents and treatments comprising
administering to the animal a 



compound of Formula I. [0018] The terms "anticancer
agent" and "anticancer drug," as used herein, refer to
any therapeutic agents (e.g., chemotherapeutic
compounds and/or molecular therapeutic compounds),
antisense therapies, radiation therapies, or surgical
interventions, used in the treatment of
hyperproliferative diseases such as cancer (e.g., in
mammals). [0019] The term "prodrug," as used herein,
refers to a pharmacologically inactive derivative of a
parent "drug" molecule that requires biotransformation
(e.g., either spontaneous or enzymatic) within the
target physiological system to release, or to convert
(e.g., enzymatically, physiologically, mechanically,
electromagnetically) the prodrug into the active drug.
Prodrugs are designed to overcome problems associated
with stability, toxicity, lack of specificity, or
limited bioavailability. Exemplary prodrugs comprise
an active drug molecule itself and a chemical masking
group (e.g., a group that reversibly suppresses the
activity of the drug). Some prodrugs are variations or
derivatives of compounds that have groups cleavable
under metabolic conditions. Exemplary prodrugs become
pharmaceutically active in vivo or in vitro when they
undergo solvolysis under physiological conditions or
undergo enzymatic degradation or other biochemical
transformation (e.g., phosphorylation, hydrogenation,
dehydrogenation, glycosylation). Prodrugs often offer
advantages of solubility, tissue compatibility, or
delayed release in the mammalian organism. (See e.g.,
Bundgard, Design of Prodrugs, pp. 7-9, 21-24,
Elsevier,Amsterdam (1985); and Silverman, The Organic
Chemistry of Drug Design and Drug Action, pp. 352-401,
Academic Press, San Diego, CA (1992)). Common prodrugs
include acid derivatives such as esters prepared by
reaction of parent acids with a suitable alcohol
{e.g., a lower alkanol), amides prepared by reaction
of the parent acid compound with an amine, or basic
groups reacted to form an acylated base derivative
{e.g., a lower alkylamide). [0020] The term
"pharmaceutically acceptable salt," as used herein,
refers to any salt {e.g., obtained by reaction with an
acid or a base) of a compound of the present invention
that is physiologically tolerated in the target animal
{e.g., a mammal). Salts of the compounds of the
present invention may be derived from inorganic or
organic acids and bases. Examples of acids include,
but are not limited to, hydrochloric, hydrobromic,
sulfuric, nitric, perchloric, fumaric, maleic,
phosphoric, glycolic, lactic, salicylic, succinic,
toluene-psulfonic, tartaric, acetic, citric,
methanesulfonic, ethanesulfonic, formic, benzoic,
malonic, sulfonic, naphthalene-2-sulfonic,
benzenesulfonic acid, and the like. Other acids, such
as oxalic, while not in themselves pharmaceutically
acceptable, may be employed in the preparation of
salts useful as intermediates in obtaining the
compounds of the invention and their pharmaceutically
acceptable acid addition salts. [0021] Examples of
bases include, but are not limited to, alkali metal
{e.g., sodium) hydroxides, alkaline earth metal {e.g.,
magnesium) hydroxides, ammonia, and compounds of
formula NW4 +, wherein W is Ci-4 alkyl, and the like.
[0022] Examples of salts include, but are not limited
to: acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate,
fumarate, flucoheptanoate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, chloride, bromide,
iodide, 2-hydroxyethanesulfonate, lactate, maleate,
mesylate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, oxalate, palmoate, pectinate, persulfate,
phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate,
undecanoate, and the like. Other examples of salts
include anions of the compounds of the present
invention compounded with a suitable cation such as
Na+, NH4 +, and NW4 + (wherein W is a Ci-4 alkyl
group), and the like. For therapeutic use, salts of
the compounds of the present invention are
contemplated as being pharmaceutically acceptable.
However, salts of acids and bases that are
non-pharmaceutically acceptable may also find use, for
example, in the preparation or purification of a
pharmaceutically acceptable compound.[0023] The term
"therapeutically effective amount," as used herein,
refers to that amount of the therapeutic agent
sufficient to result in amelioration f one or more
symptoms of a disorder, or prevent advancement of a
disorder, or cause regression of the disorder. For
example, with respect to the treatment of cancer, in
one embodiment, a therapeutically effective amount
will refer to the amount of a therapeutic agent that
decreases the rate of tumor growth, decreases tumor
mass, decreases the number of metastases, increases
time to tumor progression, or increases survival time
by at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%,
at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at
least 95%, or at least 100%. [0024] The terms
"sensitize" and "sensitizing," as used herein, refer
to making, through the administration of a first agent
(e.g., a compound of Formula I), an animal or a cell
within an animal more susceptible, or more responsive,
to the biological effects (e.g., promotion or
retardation of an aspect of cellular function
including, but not limited to, cell division, cell
growth, proliferation, invasion, angiogenesis,
necrosis, or apoptosis) of a second agent. The
sensitizing effect of a first agent on a target cell
can be measured as the difference in the intended
biological effect (e.g., promotion or retardation of
an aspect of cellular function including, but not
limited to, cell growth, proliferation, invasion,
angiogenesis, or apoptosis) observed upon the
administration of a second agent with and without
administration of the first agent. The response of the
sensitized cell can be increased by at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least
90%, at least 100%, at least 150%, at least 200%, at
least 350%, at least 300%, at least 350%, at least
400%, at least 450%, or at least 500% over the
response in the absence of the first agent. [0025] The
term "dysregulation of apoptosis," as used herein,
refers to any aberration in the ability of (e.g.,
predisposition) a cell to undergo cell death via
apoptosis. Dysregulation of apoptosis is associated
with or induced by a variety of conditions,
non-limiting examples of which include, autoimmune
disorders (e.g., systemic lupus erythematosus,
rheumatoid arthritis, graft-versus-host disease,
myasthenia gravis, or Sjogren's syndrome), chronic
inflammatory conditions (e.g., psoriasis, asthma or
Crohn's disease), hyperproliferative disorders (e.g.,
tumors, B cell lymphomas, or T cell lymphomas), viral
infections (e.g., herpes, papilloma, or HIV), and
other conditions such as osteoarthritis and
atherosclerosis. It should be noted that when the
dysregulation is induced by or associated with a
viralinfection, the viral infection may or may not be
detectable at the time dysregulation occurs or is
observed. That is, viral-induced dysregulation can
occur even after the disappearance of symptoms of
viral infection. [0026] The term "functional p53," as
used herein, refers to wild-type p53 expressed at
normal, high, or low levels and mutant p53 that
retains at least 5% of the activity of wildtype p53,
e.g., at least 10%, 20%, 30%, 40%, 50%, or more of
wild-type activity. [0027] The term "p53-related
protein," as used herein, refers to proteins that have
at least 25% sequence homology with p53, have tumor
suppressor activity, and are inhibited by interaction
with MDM2 or MDM2-related proteins. Examples of
p53-related proteins include, but are not limited to,
p63 and p73. [0028] The term "MDM2-related protein,"
as used herein, refers to proteins that have at least
25% sequence homology with MDM2, and interact with and
inhibit p53 or p53-related proteins. Examples of
MDM2-related proteins include, but are not limited to,
MDMX and HDM2. [0029] The term "hyperproliferative
disease," as used herein, refers to any condition in
which a localized population of proliferating cells in
an animal is not governed by the usual limitations of
normal growth. Examples of hyperproliferative
disorders include tumors, neoplasms, lymphomas and the
like. A neoplasm is said to be benign if it does not
undergo invasion or metastasis and malignant if it
does either of these. A "metastatic" cell means that
the cell can invade and destroy neighboring body
structures. Hyperplasia is a form of cell
proliferation involving an increase in cell number in
a tissue or organ without 



significant alteration in structure or function.
Metaplasia is a form of controlled cell growth in
which one type of fully differentiated cell
substitutes for another type of differentiated cell.
[0030] The pathological growth of activated lymphoid
cells often results in an autoimmune disorder or a
chronic inflammatory condition. As used herein, the
term "autoimmune disorder" refers to any condition in
which an organism produces antibodies or immune cells
which recognize the organism's own molecules, cells or
tissues. Non-limiting examples of autoimmune disorders
include autoimmune hemolytic anemia, autoimmune
hepatitis, Berger's disease or IgA nephropathy, celiac
sprue, chronic fatigue syndrome, Crohn's disease,
dermatomyositis, fibromyalgia, graft versus host
disease, Grave's disease, Hashimoto's thyroiditis,
idiopathic thrombocytopenia purpura, lichen planus,
multiple sclerosis, myasthenia gravis, psoriasis,
rheumatic fever, rheumatic arthritis,
scleroderma,Sjogren's syndrome, systemic lupus
erythematosus, type 1 diabetes, ulcerative colitis,
vitiligo, and the like. [0031] The term "neoplastic
disease," as used herein, refers to any abnormal
growth of cells being either benign (non-cancerous) or
malignant (cancerous). [0032] The term "normal cell,"
as used herein, refers to a cell that is not
undergoing abnormal growth or division. Normal cells
are non-cancerous and are not part of any
hyperproliferative disease or disorder. [0033] The
term "anti-neoplastic agent," as used herein, refers
to any compound that retards the proliferation,
growth, or spread of a targeted (e.g., malignant)
neoplasm. [0034] The terms "prevent," "preventing,"
and "prevention," as used herein, refer to a decrease
in the occurrence of pathological cells (e.g. ,
hyperproliferative or neoplastic cells) in an animal.
The prevention may be complete, e.g., the total
absence of pathological cells in a subject. The
prevention may also be partial, such that the
occurrence of pathological cells in a subject is less
than that which would have occurred without the
present invention. [0035] The term
"apoptosis-modulating agents," as used herein, refers
to agents which are involved in modulating (e.g.,
inhibiting, decreasing, increasing, promoting)
apoptosis. Examples of apoptosis-modulating agents
include proteins which comprise a death domain such
as, but not limited to, Fas/CD95, TRAMP, TNF RI, DRl,
DR2, DR3, DR4, DR5, DR6, FADD, and RIP. Other examples
of apoptosis-modulating agents include, but are not
limited to, TNFa, Fas ligand, antibodies to Fas/CD95
and other TNF family receptors, TRAIL (also known as
Apo2 Ligand or Apo2L/TRAIL), antibodies to TRAIL-Rl or
TRAIL-R2, Bcl-2, p53, BAX, BAD, Akt, CAD, PB kinase,
PPl, and caspase proteins. Modulating agents broadly
include agonists and antagonists of TNF family
receptors and TNF family ligands. Apoptosis-modulating
agents may be soluble or membrane bound (e.g. ligand
or receptor). Apoptosis-modulating agents include
those which are inducers of apoptosis, such as TNF or
a TNF-related ligand, particularly a TRAMP ligand, a
Fas/CD95 ligand, a TNFR-I ligand, or TRAIL. [0036] In
one aspect of the invention, the inhibitors of the
interaction between p53 and MDM2 are compounds of
Formula I :I or a pharmaceutically acceptable salt or
prodrug thereof, wherein: X is CH, O, N, or S, wherein
R8 is absent if X is O or S; Y is O, S, or NR1; Ri,
R2, R3, R4, R , R6, and R7 are independently H or
optionally substituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, heterocyclic, CO2R',
OCOR', CONR'R", NR11COR1, NR1SO2R", SO2NR1R",
(C=NR')NR"R"', or NR1R"; or R7 forms an aryl,
cycloalkyl, or heterocyclic group with one of R5 or
R6; R8 is H or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl,
heterocyclic, CO2R1, OCOR', CONR1R", SO2NR1R", or
(C=NR')NR"R m; R9 represents a 6-chloro and a 5-fluoro
group; and each R1, R" and R111 is independently H or
optionally substituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, or heterocyclic; or R1and
R", or R11 and R"1, form a ring; wherein one of R3 and
R4 is CONRR', and one of R and R1 is an optionally
substituted cycloalkyl-alkyl or
monocyclo-heterocycloalkyl group or a dihydroxyalkyl
amino group not containing a hydroxyl group at the
3-position of the alkyl group. [0037] In a more
particular embodiment, one of Ri and R2 of Formula I
is a substituted or unsubstituted aryl (e.g., phenyl),
substituted or unsubstituted heteroaryl, cycloalkyl,
straight or branched alkyl, amide or ester. [0038] In
another embodiment, one of R5 and R6 is a C3-I8 alkyl
group, e.g., propyl, isopropyl, sec-butyl, tert-buty\,
isopentyl, cyclopentyl, norbornyl, or adamantyl, or a
5- or 6- membered aryl or heteroaryl group. [0039] In
another embodiment, the compounds of Formula I have a
stereochemical structure as shown in Formula II or
Formula III:or a pharmaceutically acceptable salt or
prodrug thereof. [0040] In one embodiment, the
compounds of Formula I have Formula IV: IV wherein
R1-R9 and Y are as defined above. [0041] In another
embodiment, the compounds of Formula IV have a
stereochemical structure as shown in Formula V or
Formula VI: VI or a pharmaceutically acceptable salt
or prodrug thereof.[0042] In one embodiment, the
compounds of Formula I have Formula VII: VII wherein
R1-R9 are as defined above. [0043] In another
embodiment, the compounds of Formula VII have a
stereochemical structure as shown in Formula VIII or
Formula IX: VIII IX or a pharmaceutically acceptable
salt or prodrug thereof. [0044] In one embodiment, the
compounds of Formula I have Formula X: wherein: Ri,
R5, R7, and R9 are as defined above; Rio is H; andRn
is an optionally substituted cycloalkyl-alkyl or
monocyclo-heterocycloalkyl group or a dihydroxyalkyl
amino group not containing a hydroxyl group at the
3-position of the alkyl group; or Rio and Rn together
form an optionally substituted
monocyclo-heterocycloalkyl group. [0045] Examples of
substituted cycloalkyl-alkyl groups include Ci- alkyl
substituted by a cycloalkyl group as described herein
below which is substituted further by one or more
hydroxyl groups. Examples of heterocycloalkyl groups
include C -6 alkyl substituted by a
monocyclo-heterocycloalkyl group as described herein
below. [0046] Particular examples of cycloalkyl-alkyl
groups include 2-(3- hydroxycyclopentyl)ethylamino,
and 3-(3-hydroxycyclopentyl)propylamino groups. The
respective hydroxyl groups may have either the R or S
configurations. [0047] Particular examples of
substituted heterocycloalkyl groups include
2-(lmorpholinyl) ethylamino and
3-(l-morpholinyl)propylamino groups. [0048] Particular
examples of dihydroxyalkylamino groups include R and S
4,5- dihydroxypentylamino, and
4-hydroxy-3-(methylhydroxy)butylamino groups. [0049]
It is expected that when a hydroxyl group is not
present at the 3-position of the alkyl group, the
compound may exhibit improved stability during its
preparation. Without being limited to any particular
theory, the improved stability may result from the
absence of a nucleophilic 3-hydroxyl group which may
displace the amino group of the amide thus forming a
6-membered ester containing ring. It is believed that
dihydroxyalkyl groups not containing a 3-hydroxy group
will not participate in such a reaction and will be
more stable and able to be made in higher yield.
[0050] In a further embodiment, the compounds of
Formula I have one of Formulae XIXXVI:XXVI wherein Ri,
R , R7, R9, Ri , and Rn are as defined above. In
another embodiment, the compounds of Formula I have
one of Formulae XXVII and XXVIII: 



XXVII XXVIIIwherein R , R , R , R9, Ri0, and Rn are as
defined above. [0052] In another embodiment, the
compounds of Formula I have Formula XLVIII: XLVIII
wherein: Ri, R3, R4, R and R9 are as defined above.
[0053] In a further embodiment, the compounds of
Formula I have one of Formulae XLIXLX GV: XLlX LI LII
LlIl LIV LV LVI LVII LVIII LIX LX LXI LXII LXlIl LXIV
wherein: Ri, R3, R4, R5 and R9 are as defined above.
[0054] In a further embodiment, the compounds of
Formula I have Formula LXV:LXV wherein: Ri, R4, R5,
Rg, Rio, and Rn are as defined above. [0055] In a
further embodiment, the compounds of Formula I have
one of Formulae LXVI and LXVII: LXVI LXVII wherein:
Ri, R4, R , R9, Rio, and Ri1 are as defined above.
[0056] Particular embodiments of the present invention
include, without limitation, any one of the following
compounds:5-SUBSTITUTED ISOINDOLINE COMPOUNDS This
application claims priority to U.S. Provisional
Application Nos. 60/841,365, filed August 30, 2006,
60/925,513, filed April 20, 2007, and 60/937,782,
filed June 28, 2007, all of which are incorporated
herein in their entireties by reference. 1. FIELD OF
THE INVENTION This invention relates to 5-substituted
isoindole compounds. Pharmaceutical compositions
comprising the compounds and methods for treating,
preventing and managing various disorders are also
disclosed. 2. BACKGROUND OF THE INVENTION 2.1
PATHOBIOLOGY OF CANCER AND OTHER DISEASES Cancer is
characterized primarily by an increase in the number
of abnormal cells derived from a given normal tissue,
invasion of adjacent tissues by these abnormal cells,
or lymphatic or blood-borne spread of malignant cells
to regional lymph nodes and to distant sites
(metastasis). Clinical data and molecular biologic
studies indicate that cancer is a multistep process
that begins with minor preneoplastic changes, which
may under certain conditions progress to neoplasia.
The neoplastic lesion may evolve clonally and develop
an increasing capacity for invasion, growth,
metastasis, and heterogeneity, especially under
conditions in which the neoplastic cells escape the
host's immune surveillance. Roitt, I., Brostoff, J and
Kale, D., Immunology, 17.1- 17.12 (3rd ed., Mosby, St.
Louis, Mo., 1993). There is an enormous variety of
cancers which are described in detail in the medical
literature. Examples includes cancer of the lung,
colon, rectum, prostate, breast, brain, and intestine.
The incidence of cancer continues to climb as the
general population ages, as new cancers develop, and
as susceptible populations (e.g., people infected with
AIDS or excessively exposed to sunlight) grow.
However, options for the treatment of cancer are
limited. For example, in the case of blood cancers
(e.g., multiple myeloma), few treatment options are
available, especially when conventional chemotherapy
fails and bone-marrow transplantation is not an
option. A tremendous demand therefore exists for new
methods and compositions that can be used to treat
patients with cancer. Many types of cancers are
associated with new blood vessel formation, a process
known as angiogenesis. Several of the mechanisms
involved in tumor-induced angiogenesis have been
elucidated. The most direct of these mechanisms is the
secretion by the tumor cells of cytokines with
angiogenic properties. Examples of these cytokines
include acidic and basic fibroblastic growth factor
(a,b-FGF), angiogenic vascular endothelial growth
factor (VEGF), and TNFa. Alternatively, tumor cells
can release angiogenic peptides through the production
of proteases and the subsequent breakdown of the
extracellular matrix where some cytokines are stored
(e.g., b-FGF). Angiogenesis can also be induced
indirectly through the recruitment of
inflammatorycells (particularly macrophages) and their
subsequent release of angiogenic cytokines (e.g.,
TNF-a, bFGF). A variety of other diseases and
disorders are also associated with, or characterized
by, undesired angiogenesis. For example, enhanced or
unregulated angiogenesis has been implicated in a
number of diseases and medical conditions including,
but not limited to, ocular neovascular diseases,
choroidal neovascular diseases, retina neovascular
diseases, rubeosis (neovascularization of the angle),
viral diseases, genetic diseases, inflammatory
diseases, allergic diseases, and autoimmune diseases.
Examples of such diseases and conditions include, but
are not limited to: diabetic retinopathy; retinopathy
of prematurity; corneal graft rejection; neovascular
glaucoma; retrolental fibroplasia; arthritis; and
proliferative vitreoretinopathy. Accordingly,
compounds that can control angiogenesis or inhibit the
production of certain cytokines, including TNFa, may
be useful in the treatment and prevention of various
diseases and conditions. 2.2 METHODS OF TREATING
CANCER Current cancer therapy may involve surgery,
chemotherapy, hormonal therapy and/or radiation
treatment to eradicate neoplastic cells in a patient
(see, e.g., Stockdale, 1998, Medicine, vol. 3,
Rubenstein and Federman, eds., Chapter 12, Section
IV). Recently, cancer therapy could also involve
biological therapy or immunotherapy. All of these
approaches pose significant drawbacks for the patient.
Surgery, for example, may be contraindicated due to
the health of a patient or may be unacceptable to the
patient. Additionally, surgery may not completely
remove neoplastic tissue. Radiation therapy is only
effective when the neoplastic tissue exhibits a higher
sensitivity to radiation than normal tissue. Radiation
therapy can also often elicit serious side effects.
Hormonal therapy is rarely given as a single agent.
Although hormonal therapy can be effective, it is
often used to prevent or delay recurrence of cancer
after other treatments have removed the majority of
cancer cells. Biological therapies and immunotherapies
are limited in number and may produce side effects
such as rashes or swellings, flu-like symptoms,
including fever, chills and fatigue, digestive tract
problems or allergic reactions. With respect to
chemotherapy, there are a variety of chemotherapeutic
agents available for treatment of cancer. A majority
of cancer chemotherapeutics act by inhibiting DNA
synthesis, either directly, or indirectly by
inhibiting the biosynthesis of deoxyribonucleotide
triphosphate precursors, to prevent DNA replication
and concomitant cell division. Gilman et ah, Goodman
and Gilman's: The Pharmacological Basis of
Therapeutics, Tenth Ed. (McGraw Hill, New York).
Despite availability of a variety of chemotherapeutic
agents, chemotherapy has many drawbacks. Stockdale,
Medicine, vol. 3, Rubenstein and Federman, eds., ch.
12, sect. 10, 1998. Almost all chemotherapeutic agents
are toxic, and chemotherapy causes significant, and
often dangerous side effects including severe nausea,
bone marrow depression, and
immunosuppression.Additionally, even with
administration of combinations of chemotherapeutic
agents, many tumor cells are resistant or develop
resistance to the chemotherapeutic agents. In fact,
those cells resistant to the particular
chemotherapeutic agents used in the treatment protocol
often prove to be resistant to other drugs, even if
those agents act by different mechanism from those of
the drugs used in the specific treatment. This
phenomenon is referred to as pleiotropic drug or
multidrug resistance. Because of the drug resistance,
many cancers prove or become refractory to standard
chemotherapeutic treatment protocols. Other diseases
or conditions associated with, or characterized by,
undesired angiogenesis are also difficult to treat.
However, some compounds such as protamine, hepain and
steroids have been proposed to be useful in the
treatment of certain specific diseases. Taylor et ah,
Nature 297:307 (1982); Folkman et al., Science 221
:719 (1983); and U.S. Pat. Nos. 5,001,1 16 and
4,994,443. Still, there is a significant need for
effective methods of treating, preventing and managing
cancer and other diseases and conditions, particularly
for diseases that are refractory to 



standard treatments, such as surgery, radiation
therapy, chemotherapy and hormonal therapy, while
reducing or avoiding the toxicities and/or side
effects associated with the conventional therapies. 3.
SUMMARY OF THE INVENTION This invention is directed,
in part, to 5-substituted isoindole compounds, and
pharmaceutically acceptable salts, solvates (e.g.,
hydrates), prodrugs, or stereoisomers thereof. This
invention also encompasses methods of treating and
managing various diseases or disorders. The methods
comprise administering to a patient in need of such
treatment or management a therapeutically effective
amount of a compound of this invention, or a
pharmaceutically acceptable salt, solvate,
stereoisomer, or prodrug thereof. The invention also
encompasses methods of preventing various diseases and
disorders, which comprise administering to a patient
in need of such prevention a prophylactically
effective amount of a compound of this invention, or a
pharmaceutically acceptable salt, solvate, hydrate,
stereoisomer, or prodrug thereof. This invention also
encompasses pharmaceutical compositions, single unit
dosage forms, dosing regimens and kits which comprise
a compound of this invention, or a pharmaceutically
acceptable salt, solvate, hydrate, stereoisomer,
clathrate, or prodrug thereof. 4. DETAILED DESCRIPTION
OF THE INVENTION In one embodiment, this invention
encompasses 5-substituted isoindole compounds, and
pharmaceutically acceptable salts, solvates,
stereoisomers and prodrugs thereof. In another
embodiment, this invention encompasses methods of
treating, managing, and preventing various diseases
and disorders, which comprise administering to a
patient in need of such treatment or prevention a
therapeutically or prophylactically effective amount
of a compoundof this invention, or a pharmaceutically
acceptable salt, solvate, stereoisomer or prodrug
thereof. Examples of diseases and disorders are
described herein. In particular embodiments, a
compound of this invention, or a pharmaceutically
acceptable salt, solvate, stereoisomer, or prodrug
thereof, is administered in combination with another
drug ("second active agent") or treatment. Second
active agents include small molecules and large
molecules {e.g., proteins and antibodies), examples of
which are provided herein, as well as stem cells.
Methods, or therapies, that can be used in combination
with the administration of compounds of this invention
include, but are not limited to, surgery, blood
transfusions, immunotherapy, biological therapy,
radiation therapy, and other non-drug based therapies
presently used to treat, prevent or manage various
disorders described herein. This invention also
encompasses pharmaceutical compositions (e.g., single
unit dosage forms) that can be used in methods
disclosed herein. Particular pharmaceutical
compositions comprise a compound of this invention, or
a pharmaceutically acceptable salt, solvate,
stereoisomer, or prodrug thereof, and optionally a
second active agent. 4.1 COMPOUNDS In one embodiment,
this invention encompasses compounds of formula (I):
(I) and pharmaceutically acceptable salts, solvates,
stereoisomers, and prodrugs thereof, wherein: n is 0
or 1; X is CH2, C=O, or C=S; R1 is: a) -(CH2XnR3 or
-CO(CH2)mR3, wherein m is 0, 1, 2, or 3; and R3 is
5-10 membered aryl or heteroaryl, optionally
substituted with one or more halogen; b) -C=YR 4,
wherein Y is O or S; and R4 is: (Cr C10)alkyl; (C,-C
10)alkoxy; (Co-Cio)aIkyl-(5 to 10 membered heteroaryl
or heterocycle), said heteroaryl or heterocycle
optionally substituted with one or more of
(Ci-C6)alkyl, halogen, oxo, (Ci-C6)alkoxy, or -Z-(Ci-C
6)alkyl, wherein Z is S or SO , and wherein said (Cr
C6)alkyl may be optionally substituted with one or
more halogen;(Co-Cio)alkyl-(5 to 10 membered aryl),
said aryl optionally substituted with one or more of:
halogen; (Ci-C6)alkoxy, itself optionally substituted
with one or more halogen; itself optionally
substituted with one or more halogen; or
-Z-(Ci-C6)alkyl, wherein Z is S or SO2, and wherein
said (Ci-C )alkyl may be optionally substituted with
one or more halogen; or (C,-C6)alkyl-CO-O-R 12 ,
wherein R12 is H or (C,-C6)alkyl; or c) -C=ZNHR 6,
wherein Z is O or S; and R6 is: (Ci-Cio)alkyl; (C,-C,
0)alkoxy; 5 to 10 membered aryl or heteroaryl,
optionally substituted with one or more of: halogen;
cyano; (Ci-C )alkylenedioxy; (Ci-C )alkoxy, itself
optionally substituted with one or more halogen; (CpC
6)aIkyI, itself optionally substituted with one or
more halogen; or (Ci-C jalkylthio, itself optionally
substituted with one or more halogen; and R2 is H or
(C -C6)alkyl. In one specific embodiment, this
invention encompasses compounds of formula (II): (II)
and pharmaceutically acceptable salts, solvates,
stereoisomers, and prodrugs thereof, wherein: n is 0
or 1; X is CH2 or C=O; R7 is -(CH2)mR9, wherein m is
0, 1, 2, or 3, and R9 is 5-10 membered aryl or
heteroaryl, optionally substituted with one or more
halogen; and R8 is H or (Cr C6)aIkyl. In one
embodiment, X is C=O. In another embodiment, X is CH2.
In one embodiment, n is 0. In another embodiment, n is
1. In one embodiment, m is 0. In another embodiment, m
is 1. In another embodiment, m is 2. In another
embodiment, m is 3. In one embodiment, R9 is 5-10
membered aryl. In certain specific embodiments, R9 is
phenyl, optionally substituted with one or more
halogen. In one embodiment, R9 is 5-10 membered
heteroaryl. In certain specific embodiments, R9 is
furyl or benzofuryl. In one embodiment, R8 is H. In
another embodiment, R8 is (Ci-C6)alkyl. In certain
specific embodiments, R8 is methyl.All of the
combinations of the above embodiments are encompassed
by this invention. Examples include, but are not
limited to, those listed below, or a pharmaceutically
acceptable salt, solvate (e.g., hydrate), prodrug or
stereoisomer thereof: In another embodiment, this
invention encompasses compounds of formula (III):
(III) and pharmaceutically acceptable salts, solvates,
stereoisomers, and prodrugs thereof, wherein: X is CH2
or C=O; Y is O or S; R10 is: (C,-C 10 )alkyl; (C,-C
I0)aIkoxy; (C0-Cio)alkyl-(5 to 10 membered heteroaryl
or heterocycle), said heteroaryl or heterocycle
optionally substituted with one or more of (Ci-C
6)alkyl, halogen, oxo, (Cr C6)alkoxy, or -Z-(Ci-C
6)alkyI, wherein Z is S or SO2, and wherein said (Cr
C6)alkyl may be optionally substituted with one or
more halogen; (C0-Cio)alkyl-(5 to 10 membered aryl),
said aryl optionally substituted with one or more of:
halogen; (d-C 6)alkoxy, itself optionally substituted
with one or more halogen; (C -C )alkyl, itself
optionally substituted with one or more halogen; or
-Z-(C -C6)alkyl, wherein Z is S or SO2, and wherein
said 



(Ci-C6)alkyl may be optionally substituted with one or
more halogen; or (Cr C6)alkyl-CO-O-R 12 , wherein R12
is H or (C,-C6)alkyl; and R" is H or (Ci-C6)alkyl. In
one embodiment, X is CH . In another embodiment, X is
C=O. In one embodiment, Y is O. In another embodiment,
Y is S. In one embodiment, R10 is (Ci-Cio)alkyl. In
certain specific embodiments, R10 is (C5-Cio)alkyl. In
certain specific embodiments, R10 is pentyl or
hexyl.In one embodiment, R10 is (Ci-Cio)alkoxy. In
certain specific embodiments, R10 is (C5-Cio)alkoxy.
In certain specific embodiments, R10 is pentyloxy or
hexyloxy. In one embodiment, R10 is 5 to 10 membered
heteroaryl. In certain specific embodiments, R10 is
thiopheney! or furyl. In one embodiment, R10 is 5 to
10 membered aryl, optionally susbtituted with one or
more halogen. In certain specific embodiments, R10 is
phenyl, optionally substituted with one or more
halogen. In one embodiment, R10 is 5 to 10 membered
aryl or heteroaryl, optionally substituted with (Ci-C
)alkyl or (Ci-C6)alkoxy, themselves optionally
substituted with one or more halogen. In certain
specific embodiments, R10 is phenyl substituted with
(Ci-C3)alkyl or (Cr C3)alkoxy, substituted with one or
more halogen. In certain specific embodiments, R10 is
phenyl substituted with methyl or methoxy, susbtituted
with 1, 2, or 3 halogens. In one embodiment, R10 is
aryl or heteroaryl substituted with -S-(C -C6)alkyl,
wherein said alkyl itself optionally substituted with
one or more halogen. In another embodiment, R10 is
aryl or heteroaryl substituted with-SO2-(Ci-C6)aIky1,
wherein said alkyl itself optionally substituted with
one or more halogen. In one embodiment, R10 is
(Ci-C6)alkyl-CO-O-R' 2 and R12 is (Cr C6)aIkyI. In one
specific embodiment, R10 is butyl-CO-O-tBu. In one
embodiment, R10 is (C,-C6)alkyl-CO-O-R 12, and R12 is
H. In one specific embodiment, R10 is butyl-COOH. In
one embodiment, R1 1 is H. In another embodiment, R1 1
is (Ci-C )alkyl. In certain specific embodiments, R11
is methyl. All of the combinations of the above
embodiments are encompassed by this invention.
Examples include, but are not limited to, those listed
below, or a pharmaceutically acceptable salt, solvate
(e.g., hydrate), or stereoisomer thereof:SILICON
CARBIDE POLISHING METHOD UTILIZING WATER-SOLUBLE
OXIDIZERS FIELD OF THE INVENTION [0001] This invention
pertains to a method of polishing a silicon carbide
substrate. BACKGROUND OF THE INVENTION [0002]
Semiconductors with the ability to operate more
efficiently in order to achieve a significant
reduction in power consumption are highly desirable.
Typically, silicon substrates are used in the
manufacture of such devices, however, further
development is limited due to the inherent
characteristics of silicon. Development of the next
generation of semiconductor devices has emphasized the
use of materials having a greater hardness and other
unique properties. For example, silicon carbide, when
compared with silicon oxide, has a higher thermal
conductivity, a greater tolerance for radiation, a
higher dielectric strength, and is able to withstand
greater temperatures, which makes it suitable for a
variety of applications. The use of silicon carbide
has been limited, however, by semiconductor
fabrication technology. [0003] In order to produce
silicon carbide semiconductors, the surfaces of the
silicon carbide substrates must be polished in order
to provide smooth surfaces and to obtain precise
dimensions for the surfaces. The properties which make
silicon carbide such a useful substrate provide unique
challenges in the polishing process. Due to the
hardness of silicon carbide, diamond grit is typically
used to mechanically polish silicon carbide
substrates. [0004] Chemical-mechanical polishing (CMP)
techniques are widely used throughout the
semiconductor industry in order to polish the current
generation of silicon devices. CMP involves the use of
a polishing composition (also known as a polishing
slurry) containing an abrasive and an aqueous
material, which is applied to a surface by contacting
the surface with a polishing pad saturated with the
polishing composition. The polishing composition may
also contain an oxidizing agent, which allows for less
aggressive mechanical abrasion of the substrate, thus
reducing mechanical damage to the substrate caused by
the abrading process. The use of such techniques to
polish silicon carbide substrates could greatly reduce
the costs of manufacturing semiconductors by
decreasing polish time and reducing damage to the
substrate. [0005] Adaptation of CMP techniques for
silicon carbide polishing has been relatively
unsuccessful. Polishing compositions containing
colloidal silica resulted in low silicon carbide
removal rates, thus requiring a lengthy polishing
cycle lasting several hours at temperatures of around
500C, which is likely to result in damage to the
silicon carbide substrate. Zhou, et al.,
J.Electrochemical Soc, 144, p. L161-L163 (1997);
Neslen, et al., J. Electronic Materials, 30, p.
1271-1275 (2001). The long polishing cycle adds
considerable cost to the process and is a barrier
preventing widespread use of silicon carbide within
the semiconductor industry. Thus, there remains a need
for alternative polishing systems and methods of
polishing substrates comprising silicon carbide. BRIEF
SUMMARY OF THE INVENTION [0006] The invention provides
a method of chemically-mechanically polishing a
substrate, which method comprises (i) contacting a
substrate comprising at least one layer of single
crystal silicon carbide with a chemical-mechanical
polishing composition comprising (a) a liquid carrier,
(b) an abrasive suspended in the liquid carrier,
wherein the abrasive is substantially spherical silica
particles having an average particle size of 40 nm to
130 nm, and (c) an oxidizing agent selected from the
group consisting of hydrogen peroxide, oxone, ammonium
cerium nitrate, periodates, iodates, persulfates, and
mixtures thereof, (ii) moving the polishing
composition relative to the substrate, and (iii)
abrading at least a portion of the silicon carbide of
the substrate to polish the substrate. [0007] The
invention further provides a method of
chemically-mechanically polishing a substrate, which
method comprises (i) contacting a substrate comprising
at least one layer of single crystal silicon carbide
with a chemical-mechanical polishing composition
comprising (a) a liquid carrier, (b) an abrasive
suspended in the liquid carrier, wherein the abrasive
is alumina and is present in an amount of 3 wt.% or
less based on the weight of the liquid carrier and any
components dissolved or suspended therein, and (c) an
oxidizing agent, wherein the oxidizing agent is
present in an amount of 0.001 wt.% to 0.5 wt.% based
on the weight of the liquid carrier and any components
dissolved or suspended therein, and is selected from
the group consisting of hydrogen peroxide, oxone,
ammonium cerium nitrate, periodates, iodates,
persulfates, and mixtures thereof, and (ii) moving the
polishing composition relative to the substrate, and
(iii) abrading at least a portion of the silicon
carbide of the substrate to polish the substrate.
[0008] The invention also provides a method of
chemically-mechanically polishing a substrate, which
method comprises (i) contacting a substrate comprising
at least one layer of silicon carbide with a
chemical-mechanical polishing composition comprising
(a) a liquid carrier, (b) an abrasive suspended in the
liquid carrier, and (c) an oxidizing agent, wherein
the oxidizing agent is present in an amount of 0.001
wt.% to 0.5 wt.% based on the weight of the liquid
carrier and any components dissolved or suspended
therein, and is selected from the groupconsisting of
oxone, potassium persulfate, and mixtures thereof (ii)
moving the polishing composition relative to the
substrate, and (iii) abrading at least a portion of
the silicon carbide of the substrate to polish the
substrate. DETAILED DESCRIPTION OF THE INVENTION
[0009] The invention provides a method of
chemically-mechanically polishing a substrate
comprising silicon carbide. The method comprises (i)
contacting a substrate comprising at least one layer
of single crystal silicon carbide, (ii) moving the
polishing composition relative to the substrate, and
(iii) abrading at least a portion of the silicon
carbide of the substrate to polish the substrate. The
polishing composition comprises, consists essentially
of, or consists of (a) a liquid carrier, (b) an
abrasive suspended in the liquid carrier, and (c) an
oxidizing agent. [0010] hi a first embodiment, the
abrasive is substantially spherical silica particles
having an average particle size of 40 rum to 130 nm,
and the oxidizing agent is selected from the group
consisting of hydrogen peroxide, oxone, ammonium
cerium nitrate, periodates, iodates, 



persulfates, and mixtures thereof. In a second
embodiment, the abrasive is alumina and is present in
an amount of 3 wt.% or less based on the weight of the
liquid carrier and any components dissolved or
suspended therein, and the oxidizing agent is present
in an amount of 0.001 wt.% to 0.5 wt.% based on the
weight of the liquid carrier and any components
dissolved or suspended therein, and is selected from
the group consisting of hydrogen peroxide, oxone,
ammonium cerium nitrate, periodates, iodates,
persulfates, and mixtures thereof. In a third
embodiment, the oxidizing agent is present in an
amount of 0.001 wt.% to 0.5 wt.% based on the weight
of the liquid carrier and any components dissolved or
suspended therein, and is selected from the group
consisting of oxone, potassium persulfate, and
mixtures thereof. [001 1] The substrate to be polished
using the method of the invention can be any suitable
substrate which comprises at least one layer of
silicon carbide. Suitable substrates include, but are
not limited to, flat panel displays, integrated
circuits, memory or rigid disks, metals, interlayer
dielectric (ILD) devices, semiconductors,
micro-electro-mechanical systems, ferroelectrics, and
magnetic heads. The silicon carbide can comprise,
consist essentially of, or consist of any suitable
silicon carbide, many of which are known in the art.
The silicon carbide can be single crystal or
polycrystalline. Silicon carbide has many different
types of crystal structures, each having its own
distinct set of electronic properties. Only a small
number of these polytypes, however, can be reproduced
in a form acceptable for use as semiconductors.Such
polytypes can be either cubic (e.g., 3C silicon
carbide) or non-cubic (e.g., 4H silicon carbide, 6H
silicon carbide). The properties of these polytypes
are well known in the art. [0012] The polishing pad
can be any suitable polishing pad, many of which are
known in the art. Suitable polishing pads include, for
example, woven and non-woven polishing pads. Moreover,
suitable polishing pads can comprise any suitable
polymer of varying density, hardness, thickness,
compressibility, ability to rebound upon compression,
and compression modulus. Suitable polymers include,
for example, polyvinylchloride, polyvinylfluoride,
nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide,
polyurethane, polystyrene, polypropylene, coformed
products thereof, and mixtures thereof. [0013] The
polishing pad can comprise fixed abrasive particles on
or within the polishing surface of the polishing pad,
or the polishing pad can be substantially free of
fixed abrasive particles. Fixed abrasive polishing
pads include pads having abrasive particles affixed to
the polishing surface of the polishing pad by way of
an adhesive, binder, ceramer, resin, or the like or
abrasives that have been impregnated within a
polishing pad so as to form an integral part of the
polishing pad, such as, for example, a fibrous batt
impregnated with an abrasive-containing polyurethane
dispersion. [0014] The polishing pad can have any
suitable configuration. For example, the polishing pad
can b e circular and, when in use, typically will have
a rotational motion about an axis perpendicular to the
plane defined by the surface of the pad. The polishing
pad can be cylindrical, the surface of which acts as
the polishing surface, and, when in use, typically
will have a rotational motion about the central axis
of the cylinder. The polishing pad can be in the form
of an endless belt, which, when in use, typically will
have a linear motion with respect to the cutting edge
being polished. The polishing pad can have any
suitable shape and, when in use, have a reciprocating
or orbital motion along a plane or a semicircle. Many
other variations will be readily apparent to the
skilled artisan. [0015] The polishing composition
comprises an abrasive, which desirably is suspended in
the liquid carrier (e.g., water). The abrasive
typically is in particulate form. In particular, the
abrasive comprises, consists essentially of, or
consists of substantially spherical silica or alumina.
Substantially spherical silica is also referred to as
colloidal silica by those of ordinary skill in the
art. Preferably, the substantially spherical silica is
precipitated or condensationpolymerized silica, which
is prepared using the sol-gel process.
Condensation-polymerized silica particles typically
are prepared by condensing Si(OH)4 to form
substantially sphericalparticles. The precursor
Si(OH)4 can be obtained, for example, by hydrolysis of
high purity alkoxysilanes, or by acidification of
aqueous silicate solutions. Such abrasive particles
can be prepared in accordance with U. S. Patent
5,230,833 or can be obtained as any of various
commercially available products such as Bindzil from
EKA Chemicals, the Fuso PL-I, PL-2, and PL-3 products,
and the Nalco 1034A, 1050, 2327, and 2329 products, as
well as other similar products available from DuPont,
Bayer, Applied Research, Nissan Chemical, and
Clariant. Preferably, the alumina is seeded gel
process alpha alumina, which is available from
manufactures such as Saint Gobain (alpha alumina). The
substantially spherical silica particles and the
alumina particles can have any suitable particle size.
For example, the substantially spherical silica
particles and the alumina particles can have an
average particle size of 10 nm or more (e.g., 20 nm or
more, 30 nm or more, 40 nm or more, or 50 nm or more).
The substantially spherical silica particles and the
alumina particles can have an average particle size of
200 nm or less (e.g., 180 nm or less, 170 nm or less,
160 nm or less, 150 rim or less, 130 nm or less, 110
nm or less, or 100 nm or less). Accordingly, the
substantially spherical silica particles and the
alumina particles can have an average particle size of
40 nm to 130 nm (e.g., 45 nm to 125 nm, 50 nm to 120
nm, 55 nm to 115 nm, or 60 nm to 110 nm). The particle
size of a particle is the diameter of the smallest
sphere that encompasses the particle. [0016] Any
suitable amount of abrasive can be present in the
polishing composition. Typically, 0.01 wt.% or more
(e.g., 0.05 wt.% or more) abrasive will be present in
the polishing composition. More typically, 0.1 wt.% or
more (e.g., 1 wt.% or more, 5 wt.% or more, 7 wt.% or
more, 10 wt.% or more, or 12 wt.% or more) abrasive
will be present in the polishing composition. The
amount of abrasive in the polishing composition
typically will be 50 wt.% or less, more typically will
be 40 wt.% or less (e.g., 15 wt.% or less, 10 wt.% or
less, 5 wt.% or less, 3 wt.% or less, 1 wt.% or less,
0.6 wt.% or less, or 0.3 wt.% or less). Accordingly,
the amount of abrasive in the polishing composition
can be 2 wt.% to 50 wt.%, and more preferably 5 wt.%
to 40 wt.% (e.g., 10 wt.% to 35 wt.%, 15 wt.% to 35
wt.%, or 20 wt.% to 35 wt.%). [0017] A liquid carrier
is used to facilitate the application of the abrasive
and any optional additives to the surface of a
suitable substrate to be polished (e.g., planarized).
The liquid carrier can be any suitable liquid, e.g.,
solvent, including lower alcohols (e.g., methanol,
ethanol, etc.), ethers (e.g., dioxane,
tetrahydrofuran, etc.), water, and mixtures thereof.
Preferably, the liquid carrier comprises, consists
essentially of, or consists of water, more preferably
deionized water.[0018] The polishing composition
comprises an oxidizing agent, which can be any
suitable oxidizing agent for one or more materials of
the substrate to be polished with the polishing
composition. Preferably, the oxidizing agent is
selected from the group consisting of hydrogen
peroxide, oxone, ammonium cerium nitrate, periodates,
iodates, persulfates, and mixtures thereof. The
periodates, iodates, and persulfates can be any
periodate, iodate, persulfate or combination of
periodates, iodates, and persulfates, such as, for
example, potassium periodate, potassium iodate,
ammonium persulfate, potassium persulfate, or sodium
persulfate. More preferably, the oxidizing agent is
oxone or potassium persulfate. The oxidizing agent can
be present in the polishing composition in any
suitable amount. Typically, the polishing composition
comprises 0.001 wt.% or more (e.g., 0.005 wt.% or
more, 0.01 wt.% or more, 0.05 wt.% or more, or 0.1
wt.% or more) oxidizing agent. The polishing
composition preferably comprises 20 wt.% or less
(e.g., 15 wt.% or less, 10 wt.% or less, 5 wt.% or
less, 2 wt.% or less, or 0.5 wt.% or less) oxidizing
agent. Preferably, the polishing composition comprises
0.001 wt.% to 20 wt.% (e.g., 0.001 wt.% to 15 wt.%,
0.005 wt.% to 10 wt.%, 0.01 wt.% to 5 wt.%, or 0.05
wt.% to 2 wt.%) oxidizing agent. More preferably, the
polishing composition comprises 0.001 wt.% to 0.05
wt.%, 0.001 wt.% to 0.1 wt.%, 0.001 wt.% to 0.5 wt.%,
or 0.001 wt.% to 2 wt.% oxidizing agent. [0019] The
polishing composition, specifically the liquid carrier
with any components dissolved or suspended therein,
can have any suitable pH. The actual pH of the
polishing composition will depend, in part, on the
type of substrate being polished. The polishing
composition can have a pH of 11 or less (e.g., 9 or
less, 7 or less, 5 or less, 4 or less, 3 or less, or 2
or less). The polishing composition can have a pH of 1
or more (e.g., 4 or more, 6 or more, 8 or more, or 9
or more). The pH can be, for example, from 1 to 11
(e.g., from 2 to 10, from 3 to 9, from 4 to 8, or from
5 to 7). [0020] The pH of the polishing composition
can be achieved and/or maintained by any suitable
means. More specifically, the polishing composition
can further comprise a pH adjustor, a pH buffering
agent, or a combination thereof. The pH adjustor can
comprise, consist essentially of, or consist of any
suitable pH-adjusting compound. For example, the pH
adjustor 



can be any suitable acid, such as an inorganic or an
organic acid, or combination thereof. For example, the
acid can be nitric acid. The pH buffering agent can be
any suitable buffering agent, for example, phosphates,
acetates, borates, sulfonates, carboxylates, ammonium
salts, and the like. The polishing composition can
comprise any suitable amount of a pH adjustor and/or a
pHbuffering agent, provided such amount is sufficient
to achieve and/or maintain the desired pH of the
polishing composition, e.g., within the ranges set
forth herein. [0021] The polishing composition
optionally comprises a chelating or complexing agent.
The complexing agent is any suitable chemical additive
that enhances the removal rate of the substrate layer
being removed, or that removes trace metal
contaminants in silicon polishing. Suitable chelating
or complexing agents can include, for example,
carbonyl compounds (e.g., acetylacetonates and the
like), simple carboxylates (e.g., acetates, aryl
carboxylates, and the like), carboxylates containing
one or more hydroxyl groups (e.g., glycolates,
lactates, gluconates, gallic acid and salts thereof,
and the like), di-, tri-, and poly-carboxylates (e.g.,
oxalates, oxalic acid, phthalates, citrates,
succinates, tartrates, malates, edetates (e.g.,
dipotassium EDTA), mixtures thereof, and the like),
carboxylates containing one or more sulfonic and/or
phpsphonic groups, and the like. Suitable chelating or
complexing agents also can include, for example, di-,
tri-, or polyalcohols (e.g., ethylene glycol,
pyrocatechol, pyrogallol, tannic acid, and the like),
polyphosphonates such as Dequest 2010, Dequest 2060,
or Dequest 2000 (available from Solutia Corp.), and
amine-containing compounds (e.g., ammonia, amino
acids, amino alcohols, di-, tri-, and polyamines, and
the like). [0022] It will be appreciated that many of
the aforementioned compounds can exist in the form of
a salt (e.g., a metal salt, an ammonium salt, or the
like), an acid, or as a partial salt. For example,
citrates include citric acid, as well as mono-, di-,
and tri -salts thereof; phthalates include phthalic
acid, as well as mono-salts (e.g., potassium hydrogen
phthalate) and di-salts thereof; perchlorates include
the corresponding acid (i.e., perchloric acid), as
well as salts thereof. Furthermore, certain compounds
or reagents may perform more than one function. For
example, some compounds can function both as a
chelating agent and an oxidizing agent (e.g., such as
iron (II) nitrate, iron (III) nitrate, and the like).
[0023] The polishing composition optionally further
comprises one or more other additives. Such additives
include acrylates comprising one or more acrylic
subunits (e.g., vinyl acrylates and styrene
acrylates), and polymers, copolymers, and oligomers
thereof, and salts thereof. [0024] The polishing
composition can comprise a surfactant and/or
rheological control agent, including viscosity
enhancing agents and coagulants (e.g., polymeric
rheological control agents, such as, for example,
urethane polymers). Suitable surfactants can include,
for example, cationic surfactants, anionic
surfactants, nonionic surfactants, amphoteric
surfactants, mixtures thereof, and the like.
Preferably, the polishing composition comprises a
nonionic surfactant. Anexample of a suitable nonionic
surfactant is an ethylenediamine polyoxyethylene
surfactant. The amount of surfactant in the polishing
composition typically is 0.0001 wt.% to 1 wt.%
(preferably 0.001 wt.% to 0.1 wt.% and more preferably
0.005 wt.% to 0.05 wt.%). [0025] The polishing
composition can comprise an antifoaming agent. The
antifoaming agent can be any suitable anti-foaming
agent. Suitable antifoaming agents include, but are
not limited to, silicon-based and acetylenic
diol-based antifoaming agents. The amount of anti
foaming agent in the polishing composition typically
is 10 ppm to 140 ppm. [0026] The polishing composition
can comprise a biocide. The biocide can be any
suitable biocide, for example, an isothiazolinone
biocide. The amount of biocide in the polishing
composition typically is 1 to 50 ppm, preferably 10 to
20 ppm. [0027] The polishing composition preferably is
colloidally stable. The term colloid refers to the
suspension of the particles in the liquid carrier.
Colloidal stability refers to the maintenance of that
suspension through time. A polishing composition is
considered colloidally stable if, when the polishing
composition is placed into a 100 ml graduated cylinder
and allowed to stand unagitated for a time of 2 hours,
the difference between the concentration of particles
in the bottom 50 ml of the graduated cylinder ([B] in
terms of g/ml) and the concentration of particles in
the top 50 ml of the graduated cylinder ([T] in terms
of g/ml) divided by the initial concentration of
particles in the polishing composition ([C] in terms
of g/ml) is less than or equal to 0.5 (i.e., ([B] -
[T]}/[C] 0.5). Preferably, the value of [B]-[T]/[C] is
less than or equal to 0.3, more preferably is less
than or equal to 0.1, even more preferably is less
than or equal to 0.05, and most preferably is less
than or equal to 0.01. [0028] The polishing
composition can be prepared by any suitable technique,
many of which are known to those skilled in the art.
The polishing composition can be prepared in a batch
or continuous process. Generally, the polishing
composition can be prepared by combining the
components thereof in any order. The term "component"
as used herein includes individual ingredients (e.g.,
oxidizing agent, abrasive, etc.) as well as any
combination of ingredients (e.g., water, halogen
anion, surfactants, etc.). [0029] The polishing
composition can be supplied as a one-package system
comprising the liquid carrier, the abrasive, the
oxidizing agent, and optionally other additives.
Alternatively, some of the components, such as an
oxidizing agent, can be supplied in a first container,
either in dry form, or as a solution or dispersion in
the liquid carrier, and the remaining components, such
as the abrasive and other additives, can be supplied
in a second container or multiple othercontainers.
Other two-container, or three or more container
combinations of the components of the polishing
composition are within the knowledge of one of
ordinary skill in the art. [0030] Solid components,
such as the abrasive, can be placed in one or more
containers either in dry form or as a solution in the
liquid carrier. Moreover, it is suitable for the
components in the first, second, or other containers
to have different pH values, or alternatively to have
substantially similar, or even equal, pH values. The
components of the polishing composition can b e
partially or entirely supplied separately from each
other and can be combined, e.g., by the end-user,
shortly before use (e.g., 1 week or less prior to use,
1 day or less prior to use, 1 hour or less prior to
use, 10 minutes or less prior to use, or 1 minute or
less prior to use). [0031] The polishing composition
also can be provided as a concentrate which is
intended to be diluted with an appropriate amount of
liquid carrier prior to use. In such an embodiment,
the polishing composition concentrate can comprise a
liquid carrier and optionally other components in
amounts such that, upon dilution of the concentrate
with an appropriate amount of liquid carrier, each
component will be present in the polishing composition
in an amount within the appropriate range recited
above for each component. For example, each component
can be present in the concentrate in an amount that is
2 times (e.g., 3 times, 4 times, or 5 times) greater
than the concentration recited above for each
component in the polishing composition so that, when
the concentrate is diluted with an appropriate volume
of liquid carrier (e.g., an equal volume of liquid
carrier, 2 equal volumes of liquid carrier, 3 equal
volumes of liquid carrier, or 4 equal volumes of
liquid carrier, respectively), each component will be
present in the polishing composition in an amount
within the ranges set forth above for each component.
Furthermore, as will be understood by those of
ordinary skill in the art, the concentrate can contain
an appropriate fraction of the liquid carrier present
in the final polishing composition in order to ensure
that the other components of the polishing composition
are at least partially or fully dissolved or suspended
in the concentrate. [0032] The inventive method of
polishing a substrate is particularly suited for use
in conjunction with a chemical-mechanical polishing
(CMP) apparatus. Typically, the apparatus comprises a
platen, which, when in use, is in motion and has a
velocity that results from orbital, linear, or
circular motion, a polishing pad in contact with the
platen and moving with the platen when in motion, and
a carrier that holds a substrate to be polished by
contacting and moving relative to the surface of the
polishing pad. The polishing of the substrate takes
place by thesubstrate being placed in contact with the
polishing pad and the polishing composition (which
generally is disposed between the substrate and the
polishing pad), with the polishing pad moving relative
to the substrate, so as to abrade at least a portion
of the substrate to polish the substrate. [0033]
Desirably, the polishing end-point is determined by
monitoring the weight of the silicon carbide
substrate, which is used to compute the amount silicon
carbide removed from the substrate. Such techniques
are well known in the art. [0034] Polishing refers to
the removal of at least a portion of a surface to
polish the surface. Polishing can be performed to
provide a surface having reduced surface roughness by
removing gouges, crates, pits, and the like, but
polishing also can be performed to introduce or
restore a 



surface geometry characterized by an intersection of
planar segments. [0035] The method of the invention
can be used to polish any suitable substrate
comprising at least one layer of silicon carbide. The
silicon carbide can be removed at any suitable rate to
effect polishing of the substrate. For example,
silicon carbide can be removed at a rate of 5 nm/hr or
more (e.g., 10 nm/hr or more, 20 nm/hr or more, 50
nm/hr or more, 70 nm/hr or more, 100 nm/hr or more, or
200 nm/hr or more). The silicon carbide can be removed
at a rate of 800 nm/hr or less (e.g., 500 nm/hr or
less, 300 nm/hr or less, 250 nm/hr or less, or 200
nm/hr or less). Accordingly, the silicon carbide can
be removed from the substrate at a rate of 5 nm/hr to
1500 nm/hr (e.g., 10 nm/hr to 1000 nm/hr, 20 nm/hr to
800 nm/hr, 30 nm/hr to 500 nm/hr, 40 nm/hr to 300
nm/hr, or 50 nm/hr to 180 nm/hr). More preferably, the
silicon carbide can be removed from the substrate at a
rate of 20 nm/hr to 180 nm/hr, 70 nm/hr to 180 nm/hr,
100 nm/hr to 180 nm/hr, 30 nm/hr to 1000 nm/hr, 100
nm/hr to 500 nm/hr, or 200 nm/hr to 400 nm/hr. [0036]
The following examples further illustrate the
invention but, of course, should not be construed as
in any way limiting its scope. EXAMPLE l [0037] This
example demonstrates the effect on the removal rate of
silicon carbide by the presence of substantially
spherical silica and an oxidizer in a polishing
composition. [0038] A 6H semi-insulating single
crystal silicon carbide wafer was polished with ten
different polishing compositions. The contents and pH
of each of the polishing compositions are indicated in
Table 1. The silicon carbide removal rate (nm/hr) was
determined for each polishing composition, and the
results are shown in Table 1.TABLE l [0039] As is
apparent from the data presented in Table 1, the
silicon carbide removal rate increases when the
polishing composition comprises substantially
spherical silica particles in combination with an
oxidizing agent such as ammonium persulfate, potassium
iodate, or oxone. EXAMPLE 2 [0040] This example
demonstrates the effect on the removal rate of silicon
carbide by the presence of different oxidizing agents
in the polishing composition of the invention. [0041]
A 4HN single crystal silicon carbide wafer was
polished with seven different polishing compositions.
Each of the polishing compositions contained 30 wt.%
substantially spherical silica. Six of the polishing
compositions were further modified by the addition of
either ammonium persulfate or ammonium cerium nitrates
as indicated in Table 2.[0042] The silicon carbide
removal rate (nm/hr) was determined for each polishing
composition, and the results are shown in Table 2.
TABLE 2 [0043] As is apparent from the data presented
in Table 2, the presence of either ammonium persulfate
or ammonium cerium nitrate in the polishing
composition increased the silicon carbide removal rate
from 0 to as high as 182 nm/hr. EXAMPLE 3 [0044] This
example demonstrates the effect on the removal rate of
silicon carbide by the presence of an oxidizer in a
polishing composition. [0045] A 4HPSI single crystal
silicon carbide wafer was polished with three
different polishing compositions. Each of the
polishing compositions contained 30 wt.% substantially
spherical silica and was adjusted to a pH of 10. Two
of the polishing compositions were further modified by
the addition of ammonium persulfate as indicated in
Table 3. [0046] The silicon carbide removal rate
(nm/hr) was determined for each polishing composition,
and the results are shown in Table 3.TABLE 3 [0047] As
is apparent from the data presented in Table 3, the
silicon carbide removal rate increases when the
polishing composition comprises ammonium persulfate.
EXAMPLE 4 [0048] This example demonstrates the effect
on the removal rate of silicon carbide by the presence
of an oxidizer and an abrasive in a polishing
composition. [0049] A 4H single crystal silicon
carbide wafer was polished with fifteen different
polishing compositions. The contents and pH of each of
the polishing compositions are indicated below in
Table 4. The silicon carbide removal rate (nm/hr) was
determined for each polishing composition, and the
results are shown in Table 4. TABLE 4COMPOSITION FOR
FORMING A LASER-MARKABLE COATING AND A LASER-MARKABLE
MATERIAL CONTAINING ORGANIC ABSORPTION ENHANCEMENT
ADDITIVES BACKGROUND Individualized and traceable
product and package labeling with variable information
is becoming increasingly important in many industries,
and it is generally beneficial to provide clearly
visible, sharp, high contrast marks. Methods are known
in the art for non-contacting rapid marking using
focused beams of electromagnetic wave of specific
wavelengths and intensity, such as laser beams,
commonly known as "laser marking". U.S. Patent Nos.
6166210, 5667580, 6855910, 6888095 and International
Publication No. WO 2006/052843 A2 disclose various
methods and compositions for forming a media for laser
marking. For example, in WO 2006/052843 A2, a method
and composition are disclosed for forming a laser
markable media, which is capable of providing superior
mark quality with high contrast, high resolution, and
a high degree of quality consistency, and that does
not rely on physical damage to the material integrity
on the exposed area, such as ablation, charring, or
trapping of gaseous bubbles released from chemical
decomposition of coating ingredients. Regardless of
the differences in mark formation methods, media
sensitization to the irradiation of the laser beam is
generally necessary. For some applications, high
sensitivity can be especially important for the
following reasons: a) a mark can be formed on or
through a plastic substrate with lower laser energy
dosage, so that the plastic substrate is subjected to
minimum risk of damage by the laser power, or b) a
large amount of marking needs to be completed at a
high speed to enable high production throughput,
without relying on a laser of higher power rating, or
c) marking needs to be accomplished at a given marking
speed with a laser tube of given power rating, but
with a lower setting of the actual power output, so
that a more consistent and sustainable power output
level can easily be maintained. Laser marking
sensitivity may be enhanced either by lowering the
responding or mark formation threshold temperature of
the media, or by opticallysensitizing the media so
that a larger amount of the laser energy can be
effectively utilized for the mark formation process.
However, sensitivity enhancement by lowering the
responding threshold temperature usually is
accomplished at an increased risk of storage stability
of the coated media. In order to minimize compromising
storage stability, optical sensitization may be
achieved by incorporating laser-absorbing compounds
into the coated imaging layer. Many inorganic based
laser-absorbing compounds for lasers, including CO
wavelength lasers, are known in the art. Some examples
of these laser-absorbing compounds can include mica or
aluminum oxide compounds. Application of these
compounds have been disclosed in US Patent Nos.
5413629, 5608429, 5691757, 5866644, 5928780, 5977514,
6545065, 6727308 and 6924077, in German Patent and
Patent Application Nos. 1467468, 1959998, 2009566,
2214545, 2215191, 2244298, 2312331, 2522572, 3137808,
3137809, 3151343, 3151354, 3151355, 321 1602, 3235017
and 3842330, as well as in Japanese Patent and Patent
Application Nos. 2003183530A and 3391000. However,
these inorganic compounds often have poor solubility
in compositions such as coating dispersions. To
disperse them evenly into the coating composition,
these compounds need to be ground into very fine
particles. It is often difficult to achieve a desired
particle size. If the particle size is too large, for
example above 10 micron, it often causes coating
defects or problem of uneven distribution of the
sensitizing compounds, especially if the desired
coating film thickness is also within this same micron
range. This not only leads to visual 



defects on the coated film, but also results in uneven
marks due to unevenness in laser sensitivity. In
addition, these inorganic compounds often have
densities that are well above that of the coating
composition. As a result, incorporating large amounts
of such compounds into a liquid coating composition
tends to cause settling and caking in the coating
dispersion, especially if the coating liquid requires
low viscosity for printing, spraying, or other
high-speed coating applications. It is therefore
desirable to provide organic-based laser absorbing
compounds that not only facilitate the mark formation
at a lower laser dosing level, but can also easily be
dissolved or dispersed with a very fine particle size
into aliquid coating composition, providing minimal
coating defects on the coated film. Organic-based
laser absorbing compounds may also provide better
physical stability of a liquid coating composition of
low viscosity, and hence minimize settling and caking
during long period of storage. SUMMARY The present
invention relates to a coating composition as well as
a media formed by applying such coating composition
onto a substrate for non-contact marking using a
focused beam of electromagnetic wave of specific
frequencies and intensity to form human-visible marks
on said media. The coating composition can comprise at
least one organic compound that enhances the
sensitivity of the media towards the irradiation of
the focused beam of electromagnetic wave of given
frequencies, which can in turn enable mark formation
on the coated media at a lower energy density.
According to one aspect, a coating composition as well
as a coated laser markable medium are provided with
increased laser sensitivity with minimal impact on
storage stability of both the coating compostion as
well as the coated media. According to another aspect,
a laser sensitizing compound is provided that can be
incorporated into a liquid coating composition with
minimal caking or settling of the coating liquid, even
at a high loading in the coating composition.
According to a further aspect, a laser sensitive
coating composition is provided which contains organic
compounds that themselves not only contribute to the
absorption of laser energy and hence improve the laser
sensitivity of coated media, but also provide a
dispersion media for color forming agents and other
components of the coating composition such as
inorganic pigments that are known in the art. Use of
these organic compounds can also provide better
coating uniformity of the coated film, with minimal
coating defects as well as improved uniformity toward
sensitivity of laser exposure across the entire coated
media. The above aspects can be obtained by the use of
at least one organic compound in a liquid coating
composition, which when coated on a media, can enhance
the sensitivity of the coated layer towards laser
beams of wavelength offrom about 10.3 mm to about 10.6
mm. The organic compound can be represented by the
following general formula I : Formula I : R,(OCH2CH
)nOR2 where R and R2 are independently selected from
the group consisting of H, alkyl, alkenyl, aryl, and
substituted or unsubstituted heteroaromatic, and more
preferably H or alkyl of 1 to 5 carbons, and n>10. For
example, n can be from about 20 to about 1000, or from
about 30 to about 500. One or multiple organic
compounds represented by the formula I can be used.
The addition amount of the at least one compound
represented by formula I can be from about 0.5% to
about 40% in the dried coating film or mark formation
layer, preferably from about 1% to about 20% in the
dried coating film or mark formation layer. More
preferably, the addition amount can be from about 5%
to about 10% in the dried coating film or mark
formation layer. The average molecular weight and
solubility of the compounds represented by formula I
in a coating composition can be determined, for
example, by the size and type of the substitution
groups, Ri and R2, as well as the chain length n.
Compounds with high solubility in the solution of the
liquid coating composition are preferred. In the case
of low solubility compounds, a fine powder form of the
organic compound may be selected, preferably a
particle-size below about 10 mm is preferred, and more
preferably, below about 1 mm. In addition, preferred
substitution groups, R and R2, and the chain length n
can be selected based on the application and use of
the coating composition; for example, aqueous based
coatings or solvent based coatings may benefit from
varying organic compounds. Another factor that can be
considered in the selection of preferred substitution
groups and chain length is the type of color formation
agents in the coating composition in order to allow
maximum dispersion of these color forming agents in
the coating composition. Based on the present
disclosure, a person skilled in the art of laser
markable coating compositions would be able to
determine preferable selections of the substitution
groups, R and R2, as well as the chain length n based
on the other components of the coating composition.In
a specific embodiment based on the color forming
system disclosed in WO 2006/052843 A2 and WO
2006/063165 A2, an exemplary organic compound
represented by formula I has R and R independently
selected from the group consisting of H, alkyl of 1 to
5 carbons, alkenyl of 2 to 5 carbons, and n in the
range of from about 20 to about 1000. More preferably
the organic compound represented by formula I can have
R and R2 independently selected from the group
consisting of H, alkyl of 1 to 5 carbons and n in the
range of from about 30 to about 500. Compounds
selected from formula I and from inorganic based laser
sensitizing ingredients disclosed in the prior art may
be combined and mixed in the coating composition, to
maximize the sensitivity of the coated media, as well
as to obtain a highly uniform and stable coating
liquid. DETAILED DESCRIPTION For a laser markable
coating designed for use with a carbon dioxide (CO )
laser of from about 10.3 to about 10.6 micron
wavelength, the sensitivity enhancement of the
inventive organic compounds can benefit coating
compositions used in various different color forming
systems. One specific embodiment of the disclosed
invention is for forming a lasermarkable material in a
coating composition system disclosed in WO 2006/052843
A2 and WO 2006/063165 A2, in which the color forming
agents comprise an electron acceptor species and
electron donor dye precursor particles encapsulated
with a polymer having a glass transition temperature,
Tg, of from about 150C to about 190C. A detailed
description of the embodiment is disclosed herein, but
is not limited to this particular embodiment. Other
color forming system known in the art may be applied
to the use of the inventive organic compound
sensitizing agents the same into other color forming
systems. A. Composition of the mark formation layer
The composition of the mark formation layer can
comprise the following elements: an electron donor dye
precursor preferably micro-encapsulated within a
polymer of specific Tg range, an electron acceptor
compound which can react withthe electron donor dye
precursor to turn it into a dye with an absorption
peak in the wavelength range of visible spectrum,
inert organic compounds that absorb electromagnetic
wave in the wavelength range of from about 10.3 mm to
about 10.6 mm, and a polymer dispersion media in which
all of the components are dispersed and coated in such
a way that they are in close proximity of reaction
length from each other. Electron donor dye precursor
An electron donor dye precursor that can be preferably
used in the present invention is not particularly
limited as long as it is substantially colorless, and
is 



preferably a colorless compound that has such a nature
that it forms a color by donating an electron or by
accepting a proton from an acid. A particularly
preferred structural feature in the backbone of the
electron donor dye precursor includes a ring structure
which is subjected to ring opening reaction or
cleavage in the case where it is in contact with an
electron accepting compound. Typical examples of such
structural feature are a lactone, a lactam, a saltone,
or a spiropyran, among others. More detailed
description and examples of preferred electron donor
dye precursor and preferable embodiments are disclosed
in WO 2006/052843 A2, the contents of which are
incorporated herein by reference. Micro-encapsulation
It is preferred that the electron donor dye precursor
in the composition of the present invention be used
after being formed into a microcapsule, preferably via
a surface polymerization process. For example, the
surface polymerization process can be employed such
that the electron donor dye precursor for forming a
core of the microcapsules is dissolved or dispersed in
a hydrophobic organic solvent to prepare an oily
phase. The oily phase can then be mixed with an
aqueous phase obtained by, for example, dissolving a
water-soluble polymer in water, and can then be
subjected to emulsification and dispersion by using,
for example, a homogenizer. This can be followed by
heating, so as to conduct a polymer-forming reaction
at the interface of the oily droplets, whereby a
microcapsule wall of apolymer substance can be formed.
More detailed description and exemplary embodiments
are disclosed in WO 2006/052843 A2. Electron acceptor
developer dispersion The electron acceptor developer
compound, which reacts with the electron donor dye
precursor, may be used singly or in a combination of
two or more. The coating composition can be combined
with a dispersion containing the electron acceptor
developer compound. Examples of electron acceptor
developer compounds are disclosed in WO 2006/052843
A2. The electron acceptor compound may be used as a
solid dispersion prepared in a sand mill with
water-soluble polymers, organic bases, and other color
formation aids or may be used as an emulsion
dispersion by dissolution in a high boiling point
organic solvent that is only slightly water-soluble or
is waterinsoluble, mixing with a polymer aqueous
solution (aqueous phase) containing a surface-active
agent and/or a water-soluble polymer as a protective
colloid, followed by emulsification, for example, by a
homogenizer. In this case, a low boiling point solvent
may be used as a dissolving assistant depending on
necessity. More detailed description and exemplary
embodiments are disclosed in WO 2006/052843 A2.
Organic laser absorption enhancement additives Laser
absorption sensitivity enhancement additives of this
invention are selected based on the type of laser used
and its emitting wavelength. For a CO laser, the
typical emitting wavelength of commercially available
laser marking equipment is about 10.6 mm. The selected
organic laser marking sensitivity enhancement
compounds of this invention for 10.6 mm CO lasers can
be represented by the following general formula I :
Formula I : Ri(OCH 2CH2)nOR2where R and R can
independently be selected from the group consisting of
H, alkyl, alkenyl, aryl and substituted or
unsubstituted heteroaromatic, and n>10. For example, n
can be from about 20 to about 1000, or from about 30
to about 500. The addition amount of these compounds
can be from about 0.5% to about 40% in the dried
coating composition or mark formation layer (see
section "Composing the markformation layer"). More
preferably, the amount can be from about 1% to about
20% in the dried coating film or mark formation layer.
Most preferably the addition amount can be from about
5% to about 10% in the dried coating film or mark
formation layer. The addition amount can be selected
to provide an optimized balance of performance factors
which can include sensitivity, mark density, coating
uniformity, as well as the stability of the liquid
coating composition. The average molecular weight and
solubility of the compounds represented by formula I
in a coating composition can be determined by the size
and type of the substitution groups, Ri and R , as
well as the chain length n. Compounds with high
solubility in solution of the liquid coating
composition are preferred. In case of low solubility
compounds, fine powder form with most popular
particle-size below about 10 mm is preferred, and most
preferably, below about 1 mm. In addition, preferred
substitution groups, Ri and R2, and the chain length n
can be selected based on the application and use of
the coating composition; for example, aqueous based
coatings or solvent based coatings may require varying
organic compounds. Another factor that can be
considered in the selection of preferred substitution
groups and chain length is the type of color formation
agents in the coating composition in order to allow
maximum dispersion of these color forming agents in
the coating composition. Based on the present
disclosure, a person skilled in the art of laser
markable coating compositions would be able to
determine preferable selections of the substitution
groups, Ri and R2, as well as the chain length n based
on the other components of the coating composition. In
a specific embodiment based on the color forming
system disclosed in WO 2006/052843 A2 and WO 2006/063
165 A2, an exemplary organic compound represented by
formula I has Ri and R independently selected from the
group consisting of H, alkyl of 1 to 5 carbons, and
alkenyl of 2 to 5 carbons, and n in therange of from
about 20 to about 1000. Most preferably the organic
compound represented by formula I has Ri and R
independently selected from the group consisting of H,
alkyl of 1 to 5 carbons, and n in the range of from
about 30 to about 500. Examples of such organic laser
sensitivity enhancement additives include, but are not
limit to, polyethylene glycol compounds with a
molecular weight in the range of from about 1,000 to
about 20,000 and can be obtained commercially as such
trade names as E1450, E4000, E6000, E8000, and E20000,
and methoxypolyethylene glycol compounds with a
molecular weight in the range of of from about 350 to
about 5,000 and can be obtained commercially. The
inventive organic laser absorption sensitivity
enhancement compounds can be incorporated into either
the micro-encapsulated leuco-dye dispersion portion,
the electron-acceptor developer dispersion portion, or
both. Two or more of the inventive organic laser
sensitivity enhancement additives be selected and
combined to optimize their effect. Said compounds may
also be combined and mixed with typical inorganic
laser absorbing compounds disclosed in the prior art.
These include, but are not limited to, such compounds
as mica to optimize the laser sensitivity of the
coated media. Through use of inventive compounds of
this invention, it has been found that from about a
10% to about a 40% increase in laser marking
sensitivity may be obtained, depending on selection of
the inventive compound as well as the addition amount.
In the examples of this disclosure, about a 22%
increase in marking speed is obtained by addition of
methoxypolyethylene glycol 5000 at a level of about 5%
of the dried coating composition. With the addition of
such laser absorption sensitivity enhancement
compounds, the coated film can also have an increased
appearance of uniformity. Other Additives The other
components in the coating composition for mark
formation layer are not particularly limited and can
be appropriately selected depending on necessity, and
examples thereof include surfactants, melting agents,
foamsuppressing agents, UV absorbing agents,
antioxidants and free-radical scavengingagents. More
detailed description and exemplary embodiments are
disclosed in 



WO 2006/052843 A2. Compositionfor the markformation
layer In order to obtain a coating composition for the
mark formation layer of the present invention, the
above components can be mixed uniformly and dispersed
within a selected polymer media as binder. In this
process, the mix ratio of the coating composition of
the present invention is such that the ratio of total
weight of electron donor dye precursors and that of
the electron acceptor compounds is between from about
1:0.5 to about 1:30, preferably from about 1:1 to
about 1:10. The amount of the electron donor dye
precursor in the said mark formation layer is
preferably in the range of from about 0.1 to about 5.0
g/m2. In this range, both a sufficient coloring
density can be achieved and the transparency of the
lasersensitive recording layer can also be maintained.
More preferably, the amount of the electron donor dye
precursor is from about 1.0 to about 4.0 g/m2. In a
preferred embodiment, multiple coating compositions
can be formed wherein a first coating composition
includes the electron donor dye precursor and the
second coating composition includes the electron
acceptor developer. Such first and second compositions
can be maintained separately to improve stability of
the compositions, and can be combined and/or mixed
together prior to use. The organic absorption laser
sensitivity enhancement compounds of this invention
may be dissolved or uniformly dispersed in either of
the above two portions, or both. In the preparation of
the laser sensitive mark formation layer, both the
water-soluble polymer used as the protective colloid
when preparing the electron donor dye precursor
composition or its microcapsule composition and the
watersoluble polymer used as the protective colloid
when preparing the electron acceptor dispersion of
this invention function as the binder of the mark
formation layer. The same function may also be
partially contributed by the addition of selected
organic laser sensitizing compounds of this invention
at an appropriate level and with proper selection of
molecular weight. Adding and mixing at least one
additional binder separately from the above protective
colloids is also possible. Preferably, water soluble
polymers aregenerally used, and examples thereof
include polyvinyl alcohol, hydroxyethyl cellulose,
hydroxypropyl cellulose, epichlorohydrin-modified
polyamide, ethylenemaleic anhydride copolymer,
styrene-maleic anhydride copolymer, isobutylenemaleic
salicylic anhydride copolymer, polyacrylic amide,
methylol-modified polyacrylamide, casein and gelatin.
In order to impart water resistance to the binder, at
least one water resisting agent may be added thereto,
and an emulsion of a hydrophobic polymer, specifically
a styrene-butadiene rubber latex, a styrene acrylic
polymer, a acrylic or methacrylic series polymer or a
copolymer and their derivative thereof, a polyester or
a copolymer thereof, may be added thereto. In order to
safely and uniformly coat the mark formation layer,
and to maintain the strength of the coated film, the
mark formation layer of the present invention may
further contain methyl cellulose, carboxymethyl
cellulose, carboxylmodified polyvinyl alcohol,
polystyrene or a copolymer thereof, polyether,
polyurethane resin or a derivative thereof, polyether
based polyurethane copolymer, polyethylene or a
copolymer thereof, epoxy resin, polyamide resin,
polyvinyl butyral resin or starch compounds. B.
Formation of the laser markable media The
laser-markable media of the present invention is
preferably produced by the process described below,
but it is not limited thereto. The production process
of a laser-markable media of the present invention
includes the steps of: coating the primer layer (if it
is used) onto the support, coating a mark formation
layer onto the primer layer (if it is used) on the
support. Depending on necessity, other layers, such as
protective topcoat, may also be added. The
laser-markable media of the present invention may be
coated sequentially with known coating methods, in the
following order: the primer layer, the mark formation
layer, and the protective topcoat. Examples of these
coating methods include, but are not limit to, a blade
coating method, an air knife coating method, a gravure
or flexographic coating method, a roll coating method,
a spray coating method, a dip coating method and a bar
coating method.C. Laser marking equipment The laser
markable media of the present invention may be marked
with a CO laser having a wavelength of from about 10.3
mm to about 10.6 mm. A preferred laser marking system
is one in which a Galvonometer beam steering
technology that allows computer to control the beam
with one or more rotating mirrors in X or X/Y-axes is
used. Both Vector and Raster scanning schemes may be
used depending on the application. Preferably the
combination of laser beam quality, f-q lens quality,
and focal distance will allow the marking spot-size at
the focal plane to be below about 300 micron, more
preferably to be below about 100 micron. By employing
the laser-markable material, methods and systems of
the current invention, various advantages can be
realized such as, for example, low equipment and
running cost; high-speed marking with fine line
letters and simple patterns (vector scan); flexible
resolution adjustment, tone control and pattern change
(raster scan); relatively large and flexible marking
area; and/or small-lot (short-run) high throughput
production with variable information marking. Use of
the laser-markable material, methods and systems of
the current invention can enable laser marking on a
wide variety of substrates, especially materials that
do not typically respond or have a weak response to
low-powered CO2 lasers, or materials that can be
easily damaged by the laser irradiation without
forming quality marks. Example of such materials
includes hard and soft plastics for engineering
materials or polymer films for packaging of commercial
goods (PET, BOPP, HDPE, PMMA, poly-carbonate and
Nylons). EXAMPLES EXAMPLE 1 (comparison) [Preparation
of liquid dispersion (A) containing an encapsulated
electron donor dye precursor] 13.3 g of electron
donor-type dye precursor (PSD- 184, Nippon Soda) and
0.47 g of a UV light absorbing agent (Tinuvin P, Ciba
Geigy Corp.) were added in20 g of ethyl acetate and
dissolved by heating up to 70C, and then cooled down
to 45C. 12.6 g of capsule wall material (D-140N,
Mitsui Takeda Chemical Co., Ltd.) was added into the
ethyl acetate solution. The above ethyl acetate
solution was added in 53 g of 6%w/w polyvinyl alcohol
aqueous solution (Kurary Poval MP- 217C, Kuraray Co.,
Ltd.) and emulsified with a homogenizer for 5 minutes.
80g of water and 0.75 g of tetraethylenepentamine were
added and mixed with a stirrer at 600C for 4 hours for
encapsulation reaction. After the reaction was
completed, the particle size distribution of the
encapsulated electron donor dye precursor particles
was measured with a Beckman Coulter's LS-100Q particle
size analyzer, the viscosity of the liquid coating
composition was measured with a Brookfield
Programmable DV-IH- viscometer with S21 small size
spindle at 100-200 RPM, and the Tg of the microcapsule
wall was measured by using a Perkin Elmer's Diamond
DSC with a blank suspension without microcapsule as
reference. The following results were obtained:
viscosity of the liquid dispersion = 18 cps, wherein
99%, by volume, of the microcapsules have
particle-size between 0.2-2 mm, and the microcapsule
wall Tg = 156C. [Preparation of liquid dispersion (B)
containing an electron acceptor compound] 4.2g of an
UV light absorbing agent (trade name: Tinuvin 328,
Ciba Geigy), 1.0 g of tricresylphosphate, and 36.4g of
an electron acceptor compound of 



Formula II Formula II were added into 16.Og of ethyl
acetate, and dissolved by heating to 70C. The
resulting ethyl acetate solution was added into the
following aqueous solution and subsequently dispersed
with a homogenizer for 5 minutes. The solution then
washeated to 700C with agitation for approximately 2
hours until the ethyl acetate was evaporated. The
final dispersion (B) has a particle size range between
0.3 to 2 mm (99% volume). Aqueous solution for
emulsified dispersion (B) Water 68.4g 15%w/w
Poly-vinylalcohol (trade name: Poval PVA205, Kuraray
Co.,Ltd.) 19.8g 8%w/w Poly-vinylalcohol (trade name:
Poval PVA2 17, Kuraray Co.,Ltd.) 55.7g Surfactant A,
2% solution Ci2Hi5SO3Na 11.2g Surfactant B, 2%
solution C9H 9(C6H4)O(CH2)4SO3Na 11.2g [Preparation of
coating composition 1 for coating the mark formation
layer] The above dispersion (A) and dispersion (B)
were mixed as follows. Water 26% Dispersion (A) 16%
Dispersion (B) 58% Total coating composition 1
(comparison): 100% [Coating the mark formation layer
onto a support film] The above coating composition 1
was coated onto a 75 mm thick transparent OPP film
using a draw-down wire bar coater, followed by 3
minutes of drying at 600C. [Determine laser marking
sensitivity of the above prepared media] A Nutfield
CodaFire-VlO 1OW CO2 laser marker with an emitting
wavelength of 10.6mm was used. The laser pumping
frequency was set at 20KHz, and the "mark-speed" was
set at 1000 mm/sec. A single straight line of about
5cm length was marked by increasing the "laser power%"
from 10% and gradually up, until a very light and
solid line became just visible to the eye on the
media. The laser power% at this point was recorded as
the "threshold laser dosage", and the actual laser
power output at this setting was measured using an
Ophir laser powermeter (with a 30A-SH-V1 thermal
sensor and AN/2E display). For this reference sample,
the "threshold laser dosage" was measured to be 5.05W.
EXAMPLE 2 (exemplary aspect of invention) The same
dispersion (A) and dispersion (B) as above Example 1
were used to mix a coating composition 2 for coating
the mark formation layer. Water 25.1% Polyethylene
glycol E4000, commercially available from BASF 0.9%
Dispersion (A) 16% Dispersion (B) 58% Total coating
composition 2 (invention): 100% The above coating
composition 2 was coated onto the same substrate and
under the same coating conditions as for coating
composition 1, and laser marking sensitivity was
measured using the same laser marker under the same
marking conditions. The threshold laser dosage was
determined in the same way as in Example 1. For this
sample the actual laser power output at the threshold
setting was measured to be 4.09W. The results show a
19% reduction in threshold power dosage when compared
to the reference example. EXAMPLE 3 (exemplary aspect
of invention) The same dispersion (A) and dispersion
(B) as above Example 1 were used to mix a coating
composition 3 for coating the mark formation layer.
Water 25.1% Methoxypolyethylene glycol, MW= 5000 0.9%
Dispersion (A) 16% Dispersion (B) 58% Total coating
composition 3 (invention): 100% The above coating
composition 3 was coated onto the same substrate and
under the same coating conditions as used for coating
composition 1, and laser marking sensitivity was
measured using the same laser marker under the
samemarking conditions. The threshold laser dosage was
determined in the same way as in Example 1. For this
sample the actual laser power output at the threshold
setting was measured to be 3.96W. The results show a 2
1.6% reduction in threshold power dosage when compared
to the reference example. EXAMPLE 4 (comparison) The
same dispersion (A) and dispersion (B) as above
Example 1 were used to mix a coating composition 4 for
coating the mark formation layer. Water 22.5% Mica
powder 3.5% Dispersion (A) 16% Dispersion (B 58% Total
coating composition 4 (comparison): 100% The above
coating composition 4 was coated onto the same
substrate and under the same coating conditions as for
coating composition 1, and laser marking sensitivity
was measured using the same laser marker under the
same marking conditions. The threshold laser dosage
was determined in the same way as in Example 1. For
this sample the actual laser power output at the
threshold setting was measured to be 1.5W. However,
observation during stability studies of the coating
composition 4 show settling of solid with time. In
addition, many areas of coating defects were visible
in the coated media when observed under a microscope.
EXAMPLE 5 (exemplary aspect of invention) The same
dispersion (A) and dispersion (B) as above Example 1
were used to mix a coating composition 5 for coating
the mark formation layer.Water 22.5% Mica powder 2.3%
Methoxypolyethylene glycol 5000 1.2% Dispersion (A)
16% Dispersion (B 58% Total coating composition 5
(invention): 100% The above coating composition 5 was
coated onto the same substrate and under the same
coating conditions used for coating composition 1, and
laser marking sensitivity was measured using the same
laser marker under the same marking conditions. The
results show a similar threshold power dosage as the
coated media in Example 4. However, unlike coating
composition 4, the observations during stability
studies of the coating composition 5 show no signs of
solid settling with time. In addition, the coated
laser sensitive media in Example 5 show improved
coating uniformity over the coated media of Example 4.
Under a microscope, only minimal coating defects were
observed on the coated media from Example 4.We claim:
1. A coating composition for coating on a substrate to
form a sensitive media suitable for color formation by
exposure to a laser in the wavelength range of from
about 10.3 to about 10.6 microns, the coating
composition comprising: (a) at least one organic
compound which absorbs electromagnetic radiation in
the wavelength range of from about 10.3 to about 10.6
microns and which generates sufficient energy to
trigger a color formation reaction, and (b) at least
one color forming agent which can form a human-visible
mark upon a triggering reaction by the absorbed energy
in the coated media. 2. The coating composition of
Claim 1, wherein the at least one organic compound has
the following Formula I 



Formula I: R1(OCH2CHz)nOR2 wherein Ri and R are
independently selected from the group consisting of H,
alkyl, alkenyl, aryl, and substituted or unsubstituted
heteroaromatic, and n>10. 3. The coating composition
of Claim 2, wherein in the at least one organic
compound of Formula I, n is from about 20 to about
1000. 4. The coating composition of Claim 2, wherein
in the at least one organic compound of Formula I, n
is from about 30 to about 500. 5. The coating
composition of Claim 2, wherein the at least one
organic compound of Formula I is present in an amount
from about 0.5% to about 40%, w/w as total solid
content. 6. The coating composition of Claim 2,
wherein the at least one organic compound of Formula I
is present in an amount from about 1% to about 20%,
w/w as total solid content.7. The coating composition
of Claim 2, wherein the at least one organic compound
of Formula I is present in an amount from about 5% to
about 10%, w/w as total solid content. 8. A coating
composition for coating on a substrate to form a
sensitive media suitable for color formation by
exposure to a laser in the wavelength range of from
about 10.3 to about 10.6 microns, the coating
composition comprising: (a) at least one organic
compound which absorbs electromagnetic radiation in
the wavelength range of from about 10.3 to about 10.6
microns and which generates sufficient energy to
trigger a color formation reaction, (b) at least one
electron donor dye precursor, and (c) at least one
electron acceptor compound which, when triggered by
the absorbed energy in the coated media, reacts with
the electron donor dye precursor upon contact to form
a colored dye. 9. The coating composition of Claim 8,
wherein the at least one electron donor dye precursor
is encapsulated by at least one polymer material
having a glass transition temperature of equal to or
less than 2500C. 10. The coating composition of Claim
8, wherein the at least one electron donor dye
precursor is encapsulated by at least one polymer
material having a glass transition temperature from
about 150 to about 1900C. 11. The coating composition
of Claim 8, wherein the at least one organic compound
has the following Formula IA: Formula IA: Ri(OCH
2CH2)nOR2 wherein R and R2 are independently selected
from the group consisting of -H, -CH3, -CH2CH3, or
-CH(CH3)2 and n is from about 20 to about 1000,
wherein the at least one organic compound is present
in an amount from about 1% to about 20%, w/w as total
solid content, andwherein the at least one electron
donor dye precursor is encapsulated by at least one
polymer material having a glass transition temperature
of from about 150 to about 1900C. 12. A laser-markable
media comprising at least one laser sensitive layer
suitable for forming a human-visible mark upon
irradiation with a laser in the wavelength range of
from about 10.3 to about 10.6 microns, the at least
one laser sensitive layer comprising: (a) at least one
organic compound which absorbs electromagnetic
radiation in the wavelength range of from about 10.3
to about 10.6 microns and which generates a sufficient
amount of energy to trigger a color formation
reaction, and (b) at least one color forming agent
which forms human- visible mark upon triggering by the
absorbed energy in the coated media. 13. The
laser-markable media of Claim 12, wherein the at least
one organic compound has the following Formula I
Formula I : R,(OCH 2CH2)nOR2 wherein Ri and R2 are
independently selected from the group consisting of H,
alkyl, alkenyl, aryl, and substituted or unsubstituted
heteroaromatic, and n>10. 14. The laser-markable media
of Claim 13, wherein in the at least one organic
compound of Formula I, n is from about 20 to about
1000. 15. The laser-markable media of Claim 13,
wherein in the at least one organic compound of
Formula I, n is from about 30 to about 500. 16. The
laser-markable media of Claim 13, wherein the at least
one laser sensitive layer comprises from about 0.5% to
about 40% w/w of the at least one organic compound of
Formula I.17. The laser-markable media of Claim 13,
wherein the at least one laser sensitive layer
comprises from about 1% to about 20% w/w of the at
least one organic compound of Formula I. 18. The
laser-markable media of Claim 13, wherein the at least
one laser sensitive layer comprises from about 5% to
about 10% w/w of the at least one organic compound of
Formula I. 19. A laser-markable media comprising at
least one laser sensitive layer suitable for forming a
human-visible mark upon irradiation with a laser in
the wavelength range of from about 10.3 to about 10.6
microns, the at least one laser sensitive layer
comprising: (a) at least one organic compound which
absorbs electromagnetic radiation in the wavelength
range of from about 10.3 to about 10.6 microns and
which generates a sufficient amount of energy to
trigger a color formation reaction, (b) at least one
electron donor dye precursor, and (c) at least one
electron acceptor compound which, when triggered by
the absorbed energy in the coated media, reacts with
an electron donor dye precursor upon contact to form a
colored dye. 20. The laser-markable media of Claim 19,
wherein the at least one electron donor dye precursor
and the at least one electron acceptor compound are
separated from each other by either encapsulating the
at least one electron donor dye precursor in a polymer
having a glass transition temperature of less than or
equal to 2500C, or by dispersing the at least one
electron donor dye precursor and the at least one
electron acceptor compound into two sub-layers
separated by a third polymer spacing sub-layer having
a glass transition temperature or a melting point of
equal to or less than 2500C. 21. The laser-markable
media of Claim 19, wherein the at least one laser
sensitive layer forms a human-visible mark upon
irradiation by a laser in thewavelength range of from
about 10.3 to about 10.6 micron and a fluence of about
less than or equal to 5 J/cm 2. 22. The laser-markable
media according to Claim 19, wherein the at least one
organic compound of the following Formula IA is
present in an amount from about 1% to about 20% w/w as
total solid content, Formula IA: R1(OCH 2CH2) OR2
wherein Ri and R are independently selected from the
group consisting of -H, -CH3, -CH2CH3, and -CH(CH 3)2,
and n is from about 20 to about 1000, and wherein the
at least one electron donor dye precursor is
encapsulated by a polymer material having a glass
transition temperature in the range of about 1500C to
1900C. 23. The laser-markable media of Claim 22,
wherein the media is formed by coating the laser
sensitive layer on a substrate of plastic material. 


