
VACCINE FOR PERIODONTAL DISEASE Field of the Invention
The present invention relates to novel bacterial
isolates identified by their 16S rRNA DNA, that cause
periodontal disease in companion animals,
polynucleotide sequences contained therein,
polypeptides encoded by such polynucleotide sequences
and vaccines comprising such bacterial isolates that
have been inactivated or attenuated, polynucleotides
or polypeptides. Also provided are methods for
treating and preventing periodontal disease and kits
for detecting, treating, and preventing periodontal
disease. In addition, methods for assessing the
efficacy of a vaccine against periodontal diseases in
an animal are provided. Background Art The vast
majority of experimental data concerning periodontal
diseases is based on studies of humans or bacteria
isolated from humans. Relatively little is known with
respect to periodontal disease in non-human animals,
such as companion animals, and in particular, dogs and
cats. Periodontal disease comprises a group of
infections involving supporting tissues of the teeth.
These range in severity from mild and reversible
inflammation of the gingiva (gum) to chronic
destruction of periodontal tissues (gingiva,
periodontal ligament, and alveolar bone) with eventual
exfoliation of teeth. From a microbiological
standpoint, several features of this disease are of
interest. The bacterial etiology is complex, with a
variety of organisms responsible for the initiation
and progression of disease in humans. Many, if not
all, of these organisms may also be present in
periodontal^ healthy individuals and can exist in
commensal harmony with the host. Thus, disease
episodes may ensue from a shift in the ecological
balance between bacterial and host factors, as a
result of, for example, alteration in the absolute or
relative numbers of certain organisms, changes in
pathogenic potential, or modulation of particular host
factors. The local environment imposes a variety of
unique constraints upon the constituent microbiota of
the supragingival tooth surface and the subgingival
crevice (the channel between the tooth root and the
gingiva that deepens into a periodontal pocket as
disease progresses). Both the calcified hard tissues
of the tooth and the epithelial cells of the gingival
are available for colonization. These tissues are
exposed to host salivary secretions and gingival
crevicular fluid (a serum exudate), both of which
contain molecules that interact directly with bacteria
and alter prevailing environmental conditions. In
addition, it is known that in humans, successful
colonizers of the teeth and subgingival area must
coexist with many (over 600) other species of bacteria
that inhabit these regions. Study of the pathogenesis
of periodontal diseases in humans is thus complicated
by the ecological intricacy of the microenvironment.
The classification of the various manifestations of
periodontal disease in humans is continually changing,
and it will suffice to mention that diseases range in
severity, rate of progression, and number of teeth
affected and that different age groups can be
susceptible following the eruption of primary teeth.
The nature of the pathogenic agents varies amongthese
disease entities, as well as among human patients and
even between different disease sites within a patient.
In general, however, severe forms of the disease are
associated with a number of gram-negative anaerobic
bacteria. Of this group, in humans, most evidence
points to a pathogenic role for Porphyromonas
(formerly Bacteroides) gingivalis. The presence of
this organism, acting either alone or as a mixed
infection with other bacteria, and possibly in concert
with the absence of beneficial species and certain
immunological responses in the host, appears to be
essential for disease activity. Colonization of the
oral cavity requires that the bacteria first enter the
mouth and then localize at and attach to the available
surfaces. Host factors which function to prevent
bacterial colonization include the mechanical shearing
forces of tongue movement along with saliva and
gingival crevicular fluid flow. Successful oral
colonizers therefore possess a variety of attributes
to overcome host protective mechanisms. The sessile
plaque biofilm that subsequently accumulates on the
hard and soft tissues of the mouth is a dynamic system
composed of diverse microbial species. In humans, P.
gingivalis is usually among the late or secondary
colonizers of the oral cavity, requiring antecedent
organisms to create the necessary environmental
conditions. Initial entry of P. gingivalis into the
human oral cavity is thought to occur by transmission
from infected individuals. Other vectors would
therefore also appear to be operational. These studies
indicate that individuals are colonized by a single
(or at least a predominant) genotype, regardless of
site of colonization or clinical status. Strains of
many different clonal origins, in contrast, are
present in different individuals. This supports the
concept that P. gingivalis is essentially an
opportunistic pathogen, with virulence not being
restricted to a particular clonal type. The human oral
cavity provides a variety of surfaces to which P.
gingivalis can adhere. There are the mineralized hard
tissues of the teeth, along with mucosal surfaces
including those of the gingiva, cheek, and tongue.
While a great deal is known about periodontal disease
in humans, as described above, very little is known
about the same disease in companion animals. Fournier,
D. etal., "Porphorymonas gulae sp. nov., an Anaerobic,
Gram-negative, Coccibacillus from the Gingival Sulcus
of Various Animal Hosts", International Journal of a
Systematic and Evolutionary Microbiology (2001), 51,
1179-1 189 describe several strains isolated from
various animal hosts, including a strain, P. gulae
spp. nov., designated ATCC 57100. The authors
hypothesize that strains for the animal biotype of P.
gingivalis represent a Porphyromonas species that is
distinct from P. gingivalis. There is no mention of a
vaccine useful in treating periodontal disease in
companion animals. Hirasawa and Takada, in
"Porphyromonas gingivicanis sp. nov. and Porphyromonas
crevioricanis sp. nov., Isolated from Beagles",
International Journal of Systemic Bacteriology, pp.
637-640, (1994), describe two bacterial species
isolated from gingival crevicular fluids of beagles.
These species are described in United States Patent
Nos. 5,710,039 and US 5,563,063. Nowhere do the
authors suggest the use of these species in a vaccine
to treat periodontal disease. InternationalApplication
PCT/AU98/01 023, having publication number WO
99/29870, described various P. gingivalis polypeptides
and nucleotides. However, no evidence of vaccines
effective in 



preventing periodontal disease in companion animals is
provided. Even though there is a great amount of
information known about the human disease, little has
been accomplished by way of preventing or treating the
disease, even in humans. There remains a need for a
safe and effective vaccine for treating and preventing
periodontal disease in companion animals. Genco et al.
(Trends in Microbiology 6: 444-449, 1998) describe a
rat model for investigating Pof hyromsnas
gingivicanis-medlated periodontal disease. Grecca et
al. (J. Endodontics 27: 610, 2001) describe
radiographic evaluation of periradicular repair after
endodontic treatment of dog's teeth with induced
periradicular periodontitis. Prior to the present
invention, there has been no animal model available
for assessing the efficacy of a vaccine against one or
more periopathogenic bacteria in a defined and
quantitative manner. Summary of the Invention The
present invention provides an isolated pigmented
anaerobic bacteria having a 16S rRNA DNA sequence
comprising a nucleotide sequence selected from the
group consisting of SEQ ID NOS: 86 to 94, provided
that the bacteria is not a strain of Porphyromonas
gingivalis designated as dog 2OB. In one embodiment,
the bacteria is selected from the group consisting of
Porphyromonas gulae B43, P. cansulci B46, P.
circumdentaria B52, P. gulae B69, P. circumdentaria
B97, P. cangingivalis B98, P. salivosa B104, O.
denticanis B106 and P. endodontalis B114, provided
that the bacteria is not a strain of Porphyromonas
gingivalis designated as dog 2OB. In another
embodiment, the present invention provides an isolated
pigmented anaerobic bacteria which causes, either
directly or in combination with other pathogenic
agents, periodontal disease in companion animals,
wherein the bacteria can be used to prepare a vaccine
for treating or preventing periodontal disease in
companion animals, wherein the vaccine comprises an
immunologically effective amount of at least one
bacteria which has been inactivated or attenuated,
provided that the bacteria is not a strain of P. gulae
sp. nov. designated ATCC 51700. Preferably, the
bacteria has a 16S rRNA DNA sequence at least about
95% homologous to any of the sequences depicted in SEQ
ID NOS: 86 to 94. More preferably, the bacteria has a
16S rRNA DNA sequence comprising a nucleotide sequence
selected from the group consisting of SEQ ID NOS: 86
to 94. In another embodiment, the present invention
provides an isolated pigmented anaerobic bacteria
which causes, either directly or in combination with
other pathogenic agents, periodontal disease in
companion animals, wherein the bacteria can be used to
prepare a vaccine for treating or preventing
periodontal disease in companion animals, wherein the
vaccine comprises an isolated polypeptide
immunologically effective as a vaccinefor preventing
or treating periodontal disease in companion animals,
wherein the polypeptide is encoded by a polynucleotide
molecule isolated from the bacteria provided that the
bacteria is not a strain of P. gulae sp. nov.
designated ATCC 51700. Preferably, the bacteria has a
16S rRNA DNA sequence at least about 95% homologous to
any of the sequences depicted in SEQ ID NOS: 86 to 94.
More preferably, the bacteria has a 16S rRNA DNA
sequence comprising a nucleotide sequence selected
from the group consisting of SEQ ID NOS: 86 to 94. In
a further embodiment, the present invention provides
an isolated pigmented anaerobic bacteria which causes,
either directly or in combination with other
pathogenic agents, periodontal disease in companion
animals, wherein the bacteria can be used to produce a
vaccine for treating or preventing periodontal disease
in companion animals, wherein the vaccine comprises an
isolated polynucleotide molecule which encodes a
polypeptide immunologically effective as a vaccine for
preventing or treating periodontal disease in
companion animals, wherein the polynucleotide molecule
is isolated from the bacteria, provided that the
bacteria is not a strain of P. gulae sp. nov.
designated ATCC 51700. Preferably, the bacteria has a
16S rRNA DNA sequence at least about 95% homologous to
any of the sequences depicted in SEQ ID NOS: 86 to 94.
More preferably, the bacteria has a 16S rRNA DNA
sequence comprising a nucleotide sequence selected
from the group consisting of SEQ ID NOS: 86 to 94. The
companion animal is preferably a dog or a cat. In
another aspect, the present invention provides
isolated polynucleotide molecule comprising a
nucleotide sequence isolated from a bacteria selected
from the group consisting of a bacterium having the
identifying characteristics of Porphyromonas gulae
B43, P. cansulci B46, P. circumdentaria B52, P. gulae
B69, P. circumdentaria B97, P. cangingivalis B98, P.
salivosa B104, O. denticanis B106 and P. endodontalis
B 114 provided that the bacteria is not a strain of P.
gulae sp. nov. designated ATCC 51700. In one
embodiment, the isolated polynucleotide molecule is
isolated from a bacterium, wherein the bacterium is
selected from the group consisting of Porphyromonas
gulae B43, P. cansulci B46, P. circumdentaria B52, P.
gulae B69, P. circumdentaria B97, P. cangingivalis
B98, P. salivosa B 104, O. denticanis B 106 and P.
endodontalis B 114. In another embodiment, the
isolated polynucleotide encodes for a polypeptide. In
yet another embodiment, the isolated polynucleotide
encodes ribosomal RNA or transfer RNA. In yet a
further embodiment, the present invention provides an
isolated polynucleotide molecule comprising any of the
nucleotide sequences selected from the group
consisting of SEQ ID NOS: 86 to 94 and homologues
having at least 95% homology thereto, provided that
the nucleotide sequence is not the 16S rRNA DNA from
bacteria P. gulae sp. nov. designated ATCC 51700.
Preferably, the isolated polynucleotide molecule
comprising any of the nucleotide sequences selected
from the group consisting of SEQ ID NOS: 95 to 102 and
111-119, (fimAor oprF, respectively), which sequence
encodes a polypeptide immunologically effective as a
vaccine for preventing or treating periodontal disease
in companion animals, or complements thereto. Also
preferred is the isolated polynucleotide molecule
comprises any of the nucleotide sequences depicted in
SEQ ID NOS: 95 to 102 and 111-1 19, homologues having 



at least 95% homology thereto, which sequence encodes
a polypeptide immunologically effective as a vaccine
for preventing or treating periodontal disease in
companion animals, or complements thereto. In a
further embodiment, the isolated polynucleotide
molecule comprises any of the nucleotide sequences
depicted in SEQ ID NOS: 95 to 102 and 111-119 or
fragments or variants thereof, which sequence encodes
a polypeptide immunologically effective as a vaccine
for preventing or treating periodontal disease in
companion animals, or complements thereto. In yet a
further embodiment, the isolated polynucleotide
molecule comprises a nucleotide sequence which
hybridizes under conditions of high stringency to any
of the sequences depicted in SEQ ID NOS: 95 to 102 and
111-119, or complements thereto. Preferably, the
isolated polynucleotide sequence, wherein said
sequence comprises the sequence of fimA, selected from
any of the sequences depicted in SEQ ID NOS: 95 to
102, a fragment or variant thereof, which fragment or
variant has at least about 95%, 98% or 99% sequence
identity thereto. Also preferred is the isolated
polynucleotide molecule, wherein said sequence
comprises the sequence of oprF, selected from,
selected from any of the sequences depicted in SEQ ID
NOS, 111 to 119, a fragment or variant thereof, which
fragment or variant has at least about 95%, 98% or 99%
sequence identity thereto. Preferably, the fragment or
variant of the polynucleotide molecule according to
the present invention is at least about 98% homologous
thereto. In another embodiment, the present invention
provides an isolated polynucleotide molecule,
comprising a nucleotide sequence that hybridizes under
conditions of high stringency to fimA, selected from
any of the sequences depicted in SEQ ID NOS, 95 to
102, or the complement thereof. In yet another
embodiment, the present invention provides isolated
polynucleotide molecule, comprising a nucleotide
sequence that hybridizes under conditions of high
stringency to oprF, selected from any of the sequences
depicted in SEQ ID NOS, 111 to 119, or the complement
thereof. The present invention also provides an
isolated polynucleotide molecule comprising a
nucleotide sequence of about 30 nucleotides, which
hybridizes under highly stringent conditions to a DNA
molecule having a nucleotide sequence encoding a
polypeptide having a sequence of at least about 10
contiguous amino acids of any of the polypeptides
encoded by any of the nucleotide sequences of SEQ ID
NOS: 95 to 102 and 109 to 119, or its complement.
Preferably, the isolated polynucleotide molecule
comprises at least about 90 nucleotides, which
hybridizes under conditions of high stringency to a
DNA molecule having anucleotide sequence encoding a
polypeptide having a sequence of at least about 30
contiguous amino acids of any of the polypeptides
encoded by any of the nucleotide sequences of SEQ ID
NOS: 95 to 102 and 111 to 119, or its complement. In
another aspect, the present invention provides the
isolated polynucleotide according to the present
invention operably linked to a heterologous promoter.
The isolated polynucleotide can further comprise an
origin of replication active in a prokaryotic or
eukaryotic cell. In another aspect, the present
invention provides a recombinant expression vector
comprising a polynucleotide selected from the group
consisting of any of the nucleotide sequences SEQ ID
NOS: 95 to 102 and 1 11 to 119, fragments or variants
thereof, operably linked to a promoter sequence. In
yet another aspect, the present invention provides a
plasmid comprising a polynucleotide selected from the
group consisting of any of the nucleotide sequences
SEQ ID NOS: 95 to 102 and 111 to 119, fragments or
variants thereof, operably linked to a promoter
sequence. In a further aspect, the present invention
provides a host cell comprising the isolated
polynucleotide sequence, vector or plasmid according
to the present invention. Preferably, the host cell is
E. coli BL21 and said polynucleotide further comprises
the expression vector pBAD/HisA or a l expression
plasmid. In a further aspect, the present invention
provides, a method for the production of recombinant
FimA or, OprF, selected from any of the sequences
depicted in SEQ ID NOS: 103 to 110 or 120 to 128, or
fragments or variants thereof, said method comprising
(1) growing the cells of claim 36 under conditions in
which a polypeptide comprising FimA, OprF, or
fragments or variants thereof is expressed, and (2)
recovering said polypeptide. The polypeptide can be
recovered in soluble or insoluble form. In another
aspect, the isolated polypeptide of the present
invention is immunologically effective as a vaccine
for preventing or treating periodontal disease in
companion animals and comprises an aniino acid
sequence depicted in SEQ ID NOS: 103 to 110 and 120 to
128. In one embodiment, the isolated polypeptide
immunologically effective as a vaccine for preventing
or treating periodontal disease in companion animals
comprises an amino acid sequence depicted in SEQ ID
NOS: 103 to 110 and 120 to 128 and homologues having
at least 95%, 98%, or 99% sequence identity thereto.
In another embodiment, the isolated polypeptide
immunologically effective as a vaccine for preventing
or treating periodontal disease in companion animals
comprises an amino acid sequence depicted in SEQ ID
NOS: 103 to 110 and 120 to 128, or fragments or
variants thereof. In yet another embodiment, the
isolated polypeptide immunologically effective as a
vaccine for preventing or treating periodontal disease
in companion animals having an amino acid sequence
encoded by a DNA molecule comprises a nucleotide
sequence whichhybridizes under conditions of high
stringency to any of the sequences depicted in SEQ ID
NOS: 95 to 102 and 111 to 119. In yet a further
embodiment, the isolated polypeptide immunologically
effective as a vaccine for preventing or treating
periodontal disease in companion animals, which
polypeptide comprises at least about 10 contiguous
amino acids comprises a fragment of any of the
polypeptide sequences of SEQ ID NOS: 103 to 110 and
120 to 128, which polypeptide is immunologically
effective, either alone or linked to a carrier, as a
vaccine for preventing or treating periodontal disease
in companion animals. Preferably, the isolated
polypeptide 



comprises at least about 25 amino acids. Preferably,
the isolated polypeptide, for preventing or treating
periodontal disease in companion animals, encoded by a
DNA molecule comprising a nucleotide sequence which
comprises the sequence of fimA (SEQ ID NOS: 95 to
102). Also preferred, the isolated polypeptide, for
preventing or treating periodontal disease in
companion animals, encoded for by a DNA molecule
comprising a nucleotide sequence which comprises the
sequence of oprF (SEQ ID NOS: 1 1 1 to 119). In a
preferred embodiment, the isolated polypeptide is a
recombinantly expressed polypeptide, which polypeptide
is selected from the group consisting of FimA (SEQ ID
NOS: 103 to 110) and OprF (SEQ ID NOS: 120 to 128). In
another embodiment, the recombinantly expressed
polypeptide is fused to a carrier polypeptide. The
fusion polypeptide is preferably essentially a
poly-histidine or poly-threonine sequence. In a
further aspect, the present invention provides a
vaccine for treating or preventing periodontal disease
in companion animals comprising an immunologically
effective amount of at least one inactivated pigmented
anaerobic bacteria according to the present invention,
and a pharmaceutically acceptable carrier. In another
embodiment, the present invention provides a vaccine
for treating or preventing periodontal disease in
companion animals comprising an immunologically
effective amount of at least one inactivated pigmented
anaerobic bacteria, at least one other bacteria or a
virus, and a pharmaceutically acceptable carrier. In a
preferred embodiment, the vaccine comprises an
immunologically effective amount of at least one
inactivated pigmented anaerobic bacteria, at least one
of Canine Distemper Virus (CDV), Canine Adenovirus-2
(CAV-2), Canine Parvovirus (CPV), Canine Parainfluenza
Virus (CPI), or Canine Coronavirus (CCV), and a
pharmaceutically acceptable carrier. In another
aspect, the present invention provides a vaccine for
treating or preventing periodontal disease in
companion animals comprising an immunologically
effective amount of at least one polynucleotide
molecule according to the present invention, and a
pharmaceutically acceptable carrier. In yet another
aspect, the present invention provides vaccine for
treating or preventing periodontal disease in
companion animals comprising an immunologically
effectiveamount of at least one polypeptide according
to the present invention, and a pharmaceutically
acceptable carrier. Preferably, the vaccine for
treating or preventing periodontal disease in
companion animals comprises an immunologically
effective amount of FimA and a pharmaceutically
acceptable carrier. Also preferred is a vaccine for
treating or preventing periodontal disease in
companion animals comprising an immunologically
effective amount of OprF and a pharmaceutically
acceptable carrier. The bacteria for use in the
vaccines of the present invention may be selected from
the group consisting of Porphyromonas gulae B43, P.
cansulci B46, P. circumdentaria B52, P. gulae B69, P.
circumdentaria B97, P. cangingivalis B98, P. salivosa
B104, O. denticanis B 106 and P. endodontalis B 114.
In a preferred embodiment, the pigmented anaerobic
bacteria are P. gulae B43, P. salivosa B104, and O.
denticanis B106. In still another embodiment, the
present invention provides a vaccine composition for
treating or preventing periodontal disease in
companion animals comprising an immunologically
effective amount of at least one inactivated isolated
pigmented anaerobic bacteria according to the present
invention, a pharmaceutically acceptable carrier, and
optionally an adjuvant. In yet another embodiment, the
present invention provides a vaccine composition for
treating or preventing periodontal disease in
companion animals comprising an immunologically
effective amount of at least one polynucleotide
molecule according to the present invention, a
pharmaceutically acceptable carrier, and optionally,
an adjuvant. In still a further embodiment, the
present invention provides a vaccine composition for
treating or preventing periodontal disease in
companion animals comprising an immunologically
effective amount of at least one polypeptide according
to the present invention, a pharmaceutically
acceptable carrier, and optionally, an adjuvant. In
another aspect the present invention provides a method
for treating or preventing periodontal disease in
companion animals comprising administering to a
companion animal in need thereof, a vaccine
composition according to the present invention. In
another aspect the present invention provides a method
for diagnosing periodontal disease in companion
animals by analyzing a sample for bacteria,
polypeptides or polynucleotides of the present
invention, wherein the presence of the bacteria,
polypeptides, or polynucleotides are indicative of
disease. Preferably, the analyzing step includes
analyzing the sample using a method selected from the
group consisting of PCR, hybridization, and antibody
detection. In yet another aspect, the present
invention provides a kit comprising, in at least one
container, a composition for treating and preventing
periodontal disease in companion animals comprising an
effective amount of at least one inactivated isolated
pigmented anaerobic bacteria, polypeptide, or
polynucleotides of the present invention and
apharmaceutically acceptable carrier; wherein the kit
further comprises a set of printed instructions
indicating that the kit is useful for treating or
preventing periodontal disease in companion animals.
The kit may further comprises a means for dispensing
said composition. In still another aspect, the present
invention provides a kit comprising in at least one
container an isolated DNA molecule comprising a
nucleotide sequence of at least about 15 contiguous
nucleotides selected from any of SEQ ID NOS: 86 to 94,
95 to 102, and 11 1 to 119 which hybridizes under
highly stringent conditions to the complement of any
of the nucleotide sequences depicted in SEQ ID NOS: 86
to 94, 95 to 102, and 111 to 119, and a second
isolated DNA molecule comprising in a second container
an isolated DNA molecule comprising a nucleotide
sequence of at least about 15 contiguous nucleotides
selected from 



the complement of any of the nucleotide sequences
depicted in SEQ ID NOS: 86 to 94, 95 to 102, and 1 1 1
to 119 which hybridizes under highly stringent
conditions to any of the nucleotide sequences depicted
in SEQ ID NOS: 86 to 94, 95 to 102, and 11 1 to 119,
wherein the kit further comprises a set of
instructions indicating that the kit is useful for the
detection of Porphyromonas spp. Such a method may be
used generally in all mammals, including humans. In
yet another aspect, the present invention provides a
kit comprising in at least one container a protein
having an amino acid sequence comprising at least 30
contiguous amino acids, which polypeptide is encoded
by any of the nucleotide sequences of SEQ ID NOS: 95
to 102 and 111 to 119 and a statement indicating that
the kit is useful for the detection of Porphyromonas
spp. The kit may further comprise a second
polypeptide, wherein the second polypeptide is an
antibody which is conjugated to an enzyme that
catalyzes a colorimetric or The enzyme is preferably
selected from the group consisting of alkaline
phosphatase and horseradish peroxidase. The kit may
further comprise reagents for a colorimetric or
chemiluminescent assay. In a further aspect, the
present invention provides a hybridization kit
comprising in at least one container an isolated DNA
molecule comprising a nucleotide sequence of at least
about 15 contiguous nucleotides selected from any of
SEQ ID NOS: 86 to 94, 95 to 102, and 111 to 119, or
its complement, wherein the hybridization is specific
to Porphyromonas spp. and wherein the kit further
comprises a set of instructions indicating that the
kit is useful for the detection of Porphyromonas spp.
Preferably, the hybridization is performed under
highly stringent conditions. In still a further
aspect, the present invention provides methods of
assessing the efficacy of a vaccine against one or
more periopathogenic bacteria in an animal,
particularly in a dog. In yet a further aspect, the
present invention provides methods of assessing the
efficacy of a vaccine against one or more
periopathogenic bacteria, wherein clinical signs
measured in an animal comprise increased levels of one
or more periopathogenic bacteria in the gingival
crevicular fluid, plaque, infected bone, or gingival
sulci, or changes in the amount of aveolar bone
quantitated via radiographic measurements.None of the
bacteria, polynucleotides, polypeptides, vaccine,
vaccine compositions or kits of the present invention
comprise any of the bacteria, polynucleotides or
peptides described in Fournier, D. et al., "Poy
horymonas gulae sp. nov., an Anaerobic, Gramnegative,
Coccibacillus from the Gingival Sulcus of Various
Animal Hosts", International Journal of a Systematic
and Evolutionary Microbiology (2001), 51, 1179-1189,
including a strain, P. gulae spp. nov., designated
ATCC 57100, Hirasawa and Takada, "Pof hyromonas
gingivicanis sp. nov. and Porphyromonas crevioricanis
sp. nov., Isolated from Beagles", International
Journal of Systemic Bacteriology, pp. 637-640, (1994),
United States Patent Nos. 5,710,039 or US 5,563,063,
or International Application PCT/AU98/01023, having
publication number WO 99/29870. Brief Description of
the Figures Figure 1 is a neighbor-joining
phylogenetic tree for representatives from the
Bacteroidetes class. The phylogenetic tree was
generated using the CLUSTAL X version 1.81 and NJ Plot
software programs (both available from
ftp://ftp-igbmc.ustrasbg. fr/pub/ClustalX/). The tree
was rooted to the Escherichia coli 16S rRNA gene
sequence (accession number J01 695; data not shown).
Bootstrap analysis was performed using 1000
replicates. Bootstrap values are presented graphically
(, >950; , > 850; o, >700; G, >500; no designation,
<500). The scale bar represents 0.01 substitutions per
nucleotide position. The arrows indicate the location
of O. denticanis B106T. Accession numbers: P.
gingivalis ATCC 33277, J01695; P. gulae B243,
AF285874; P. cansulci VPB 4875, X76260; P. salivosa
NCTC 11632, L26103; P. endodontalis ATCC 35406,
AY253728; T. forsythensis ATCC 43037, AB035460;
Bacteroides cf. forsythus oral clone BU45, AF385565;
B. merdae ATCC 431 84T, X83954; B. distasonis ATCC
8503, M86695; Equine fecal bacterium 118ds10,
AY212569; D. shahii strain CCUG 43457, AJ319867;
Uncultured Bacteroidaceae clone:Rs-P82, AB088919;
Uncultured bacterium cadhufec 059h7, AF530302; B.
splanchnicus NCTC 10825, L16496; O. denticanis B106T,
AY560020; Bacteroidetes sp. Oral clone FX069,
AY134906; Uncultured bacterium SHA-38, AJ249105; A.
putredinis ATCC 29800, L16497; R. microfusus ATCC
29728, L16498; B. denticanium B78, AY549431; B.
fragilis ATCC 25285T, X83935; B. thetaiotaomicron
strain 17.4, AY319392; B. acidofaciens strain A37,
AB021163; P. bivia ATCC 29303. L16475; P. nigrescens
ATCC 25261, L16479; P. intermedia ATCC 2561 1, L
16468; P. denticola ATCC 35308, L 16467; and P. buccae
ATCC 33690, L 16478. Figure 2 is a neighbor-joining
phylogenetic tree for clinical isolates of Odoribacter
denticanis. The phylogenetic tree was generated as in
Fig. 1. The tree was rooted to the Porphyromonas
gingivalis ATCC 53977 16S rRNA gene sequence
(accession number L16492; data not shown). The scale
bar represents 0.01 substitutions per nucleotide
position. Accession numbers: O. denticanis B106T,
AY560020; O. denticanis B113, AY560022; O. denticanis
B150, AY560027; O. denticanis B155, AY560030; O.
denticanis B172, AY560033; O. denticanis B183,
AY560035; Bacteroidetes sp. Oral clone FX069,
AY134906; Unculturedbacterium cadhufec 059h7,
AF530302; B. splanchnicus NCTC 10825; and Uncultured
Bacteroidaceae clone:Rs-P82, AB08891 9. Figure 3 is a
neighbor-joining phylogenetic tree for representatives
from the Pof hyromonas gingivalis FimA protein family
(classes I -V). The phylogenetic tree was generated
using the CLUSTAL X version 1.81 and NJ Plot software
programs. The tree was rooted to the Escherichia coli
CFT073 fimbrillin protein (accession number NP_757241
; data not shown). Bootstrap analysis was performed
using 1000 replicates. Bootstrap values are presented
graphically (, >950; , > 850; o, >700;  , >500; no
designation, <500). The scale bar represents 0.05
substitutions per amino acid position. FimA accession
numbers: O. denticanis B106T, AY573801; P. gingivalis
HG1691, Q93R80; P. gingivalis BH18/10, JN0915; P.
gingivalis ATCC 33277, P13793; P. gingivalis OMZ31 4,
BAA04624; P. gingivalis OMZ409, Q51822; P. gingivalis
6/26, Q51826; P. gingivalis ATCC 49417, Q51825; P.
gingivalis W'83, AAQ67087; P. gingivalis HG564,
Q51827; and P. gingivalis HNA-99, Q9S0W8. 



Figure 4 consists of scanning electron micrographs of
(A) P. gulae B43 and (B) O. denticanis B 106T. The
scale bar represents a distance of 1000 nm. Figure 5
is a graph showing the results of a growth study
identifying an "animal product-free" medium that
supports the growth of Porphyromonas gulae B43. The
following medium were tested: ME-complete, ME-hemin,
ME-vitamin K, ME-both hemin and vitamin K,
PYG-complete, PYG-hemin, PYG-vitamin K, PYG-both hemin
and vitamin K, and BHI. Figure 6 is a graph showing
mean bone loss in mice resulting from super infection
with the indicated bacterial species. The mice were
sham challenged or challenged with the indicated
bacteria. Net bone loss represents bone loss above and
beyond that observed in the sham challenged group. The
dotted line represents the net bone loss of the
positive control group. The standard error is
indicated. Figure 7 is a graph showing percent bone
loss in mice resulting from super infection with the
indicated bacterial species. The mice were sham
challenged or challenged with the indicated bacteria.
Percent bone loss is based on the net bone loss of the
positive control group being set at 100% bone loss.
Figures 8A and B are photographs showing in Figure 8A,
an SDS PAGE, and in Figure 8B a Western blot analysis,
using the anti-Xpress(tm) epitope serum (Invitrogen),
of recombinant P. gulae B43 FimA expressed in E. coli
BL21 from pBAD-HisA. Abbreviations: Std. (in kDa),
standards; Ind, induced; Sol, soluble fraction; and
Insol, insoluble fraction. The arrow heads denote the
locations of rFimA. Figure 9 is a photograph showing
SDS-PAGE analysis of recombinant P. gulae B43 oprF
expressed in E. coli BL21 cells from an expression
plasmid. The T= denotes the time after shifting the
culture from 30oC to 42OC. The molecular mass size
standards are given in kDa. The arrow head denotes the
location of rOprF. Figure 10 is a graph showing the
results of a homologous vaccine efficacy study based
upon net bone loss. Homologous vaccine efficacy study,
based upon net bone loss. Mice were vaccinated with
the following vaccine antigens and the RIBI MPL+TDM
adjuvant(except group C, which utilized Freunds
complete and incomplete): A, B, and E, PBS only; C and
D, formalin-inactivated P. gingivalis 53977; F,
formalin-inactivated P. gulae B43; G, BEIinactivated
P. gulae B43; H, heat-inactivated P. gulae B43; and I,
aeration-inactivated P. gulae B43. The mice were sham
challenged (group A), challenged with P. gingivalis
53977 (stripped boxes), or P. gulae B43 (solid boxes)
in 1% carboxymethylcellulose. Standard error
measurements are indicated. Figure 11 is a graph
showing a P. gingivalis 53977 homologous vaccine
efficacy study based upon percent bone loss. The mice
were vaccinated with the following vaccine antigens
and the RIBI MPL+TDM adjuvant (except group C which
utilized Freunds complete and incomplete): A and B,
PBS only; C and D, formalin-inactivated P. gingivalis
53977. The mice were challenged with A, PBS; or B-D,
P. gingivalis 53977 in 1% carboxymethylcellulose
Figure 12 is a graph showing a P. gulae B43 homologous
vaccine efficacy study based upon percent bone loss.
The mice were vaccinated with the following vaccine
antigens and the RIBI MPL+TDM adjuvant: A-B, PBS only;
C, formalin-inactivated P. gulae B43; D,
BEI-inactivated P. gulae B43; E, heat-inactivated P.
gulae B43; and F, aeration-inactivated P. gulae B43.
The mice were challenged with A, PBS; or B-F, P. gulae
B43 in 1% carboxymethylcellulose. Figure 13 is a graph
showing the results of a heterologous vaccine efficacy
study based upon net bone loss. The mice were
vaccinated with the following vaccine antigens and the
RIBI MPL+TDM adjuvant: A-E, PBS only; F-I,
formalin-inactivated P. gulae B43; J,
formalin-inactivated P. salivosa B104 and
formalin-inactivated O. denticanis B106. The mice were
challenged with PBS (A), P. gulae B43 (B and F; solid
boxes), P. gulae B69 (C, G, and J; striped boxes), P.
salivosa B104 (D and H; lined boxes), or O. denticanis
B106 (E and I; polka-dotted boxes) in 1%
carboxymethylcellulose. Standard error measurements
are indicated. Figure 14 is a graph showing the
results for P. gulae B43 challenge groups of the
heterologous vaccine efficacy study based upon percent
bone loss. The mice were vaccinated with the following
vaccine antigens and the RIBI MPL+TDM adjuvant: A-B,
PBS only; C, formalin-inactivated P. gulae B43. The
mice were challenged with A, PBS; or B-C, P. gulae B43
in 1% carboxymethylcellulose. Figure 15 is a graph
showing the results for P. gulae B69 challenge groups
of the heterologous vaccine efficacy study based upon
percent bone loss. The mice were vaccinated with the
following vaccine antigens and the RIBI MPL+TDM
adjuvant: A-B, PBS only; C, formalin-inactivated P.
gulae B43; or D, formalin-inactivated P. salivosa B104
and formalin-inactivated O. denticanis B106. The mice
were challenged with A, PBS; or B-D, P. gulae B69 in
1% carboxymethylcellulose. Figure 16 is a graph
showing the results for P. salivosa B104 challenge
groups of the heterologous vaccine efficacy study
based upon percent bone loss; The mice were vaccinated
with the following vaccine antigens and the RIBI
MPL+TDM adjuvant: A-B, PBSonly; or C,
formalin-inactivated P. gulae B43. The mice were
challenged with A, PBS; or B-C, P. salivosa B104 in 1%
carboxymethylcellulose. Figure 17 is a graph showing
the results for O. denticanis B106 challenge groups of
the heterologous vaccine efficacy study based upon
percent bone loss. Heterologous vaccine efficacy
study, based upon percent bone loss for the O.
denticanis B 106 infected groups. The mice were
vaccinated with the following vaccine antigens and the
RIBI MPL+TDM adjuvant: A-B, PBS only; or C,
formalin-inactivated P. gulae B43. The mice were
challenged with A, PBS; or B-C, O. denticanis B106 in
1% carboxymethylcellulose. Figure 18 is a graph
showing the serological results of mice vaccinated
with recombinant P. gulae B43 FimA or saline utilizing
a FimA specific ELlSA. Sixteen mice each were
vaccinated with either saline (A) or
rFimA/QuilA/Cholesterol (B). Pooled serum was tested
for FimA-specific antibodies via a FimA specific
ELISA. The minimum dilution tested was 1:100. Any
sample yielding a negative result at this dilution was
given a titer of 50. Figure 19 is a graph showing the
serological results of mice vaccinated with
recombinant P. gulae B43 OprF or saline utilizing an
OprF specific ELISA. Sixteen mice each were vaccinated
with either saline (A) or rOprF/QuilA/Cholesterol (B).
Pooled serum was 



tested for OprF-specific antibodies via a OprF
specific ELISA. The minimum dilution tested was 1:100.
Any sample yielding a negative result at this dilution
was given a titer of 50. Figure 20 is a graph showing
bone loss at 0, 6, and 12 weeks post challenge. The
T01 group is represented by dogs 3559424, 3592669,
3672859, 3673375, and 3691926; the T02 group is
represented by dogs 3389600, 3628884, 3653552,
3657396, 3690164. Figure 2 1 is a graph showing bone
reactivity scores for the T01 (vaccinated and
challenged, or Vx/Ch), T02 (sham vaccinated and
challenged, or Non-Vx/Ch), and T03 (sham vaccinated
and sham challenged, or Non-Vx/Non-Ch) groups at 0, 3,
6, 9, and 12 weeks postchallenge. Statistical
significance of treatment effects are also indicated.
Figure 22 is a graph showing bone reactivity scores
for the T01 (Vx/Ch), T02 (Non- Vx/Ch), and T03
(Non-Vx/Non-Ch) groups at 0, 3, 6, and 9 weeks
post-challenge. The statistical significance between
the T01 and T02 groups is indicated. Figures 23A-23D
are radiographic images from a single dog in the T01
(Vx/Ch) group at 0 (23A), 3 (23B), 6 (23C), and 9
(23D) weeks post-challenge. Figures 23E-23H are
radiographic images from a single dog in the T02
(Non-Vx/Ch) group at 0 (23E), 3 (23F), 6 (23G), and 9
(23H) weeks post-challenge. Figures 24A-24C are graphs
showing average systemic reactions for the T01 (Vx/Ch)
and T02 (Non-Vx/Ch) groups; scores are based upon a
graded assessment of the level of physical activity of
all dogs in each respective group. Figures 24D-24F are
graphs showing average local reactions for the T01
(Vx/Ch) and T02 (Non-Vx/Ch) groups; scores are based
upon a graded assessment of the level of swelling
present at the injection site on all dogs in each
respective group.Detailed Description of the Invention
Bacterial Isolates The present invention provides
isolated anaerobic bacteria, identified by their 16S
rRNA DNA sequences, which cause periodontal disease
and various other diseases and clinical manifestations
in companion animals. More specifically, the bacteria
are selected from the genus Porphyromonas. Preferably,
the isolated bacteria of the present invention include
P. gulae B43, P. cansulci B46, P. circumdentaria B52,
P. gulae B69, P. circumdentaria B97, P. cangingivalis
B98, P. salivosa B104, O. denticanis B106, and P.
endodontalis B 114, although other species or strains
are encompassed by the invention. In a preferred
embodiment, the isolated bacteria of the present
invention can be identified by their 16S rRNA DNA
sequences shown in SEQ ID Nos. 86 to 94. The diseases
caused by infection with the bacteria of the present
invention include, but are not limited to, companion
animal periodontal disease, companion animal oral
malodor (halitosis), bovine foot rot, canine coronary
heart disease and canine systemic infections. Bacteria
within the genus Porphyromonas have also been
connected with various human diseases, including
coronary heart disease, parotitis, oral malodor,
gingivitis, periodontis, stroke, atherosclerosis,
hyperlipidemia, bacterial vaginosis, intrauterine
growth retardation (IUGR), and increased incidence of
pre-term delivery of low birth weight infants. The
present invention provides isolated polynucleotide and
isolated polypeptide molecules of Porphyromonas spp.
More particularly, the invention provides isolated
polynucleotide molecules having the nucleotide
sequence of Porphyromonas spp. fimA and oprF genes or
degenerate variants thereof and isolated polypeptide
molecules having the amino acid sequences of the FimA
and OprF proteins encoded by such genes, respectively.
The present invention also provides polynucleotide
sequences having at least about 90% homology,
preferably at least about 95%, and most preferably at
least 99%, sequence identity to any of SEQ ID NOS: 95
to 102 and 111 to 119 as determined using any known
standard identity algorithm. In addition, the present
invention provides polynucleotide sequences that
hybridize under stringent conditions to the complement
of any of the polynucleotide sequences shown in SEQ ID
NOS: 95 to 102 and 11 1 to 119. In another specific
embodiment, a nucleic acid which is hybridizable to
any of the polynucleotide sequences depicted in SEQ ID
No. 86 to 102 and 1 1 1 to 119, or their complements,
under conditions of high stringency is provided. By
way of example and not limitation, procedures using
such conditions of high stringency for regions of
hybridization of over 90 nucleotides are as follows.
Prehybridization of filters containing DNA is carried
out for 8 h to overnight at 650C in buffer composed of
6X SSC, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 0.02% PVP,
0.02% Ficoll, 0.02% BSA, and 500 mg/mL denatured
salmon sperm DNA. Filters are hybridized for 48 h at
650C in prehybridization mixture containing 100 mg/mL
denatured salmon sperm DNA and 5-20 X 106 cpm of
32P-labeled probe. Washing of filters isdone at 370C
for 1 h in a solution containing 2X SSC, 0.01% PVP,
0.01% Ficoll, and 0.01% BSA. This is followed by a
wash in 0.1 X SSC at 5O0C for 45 min before
autoradiography. Other conditions of high stringency
which may be used depend on the nature of the nucleic
acid (e.g. length, GC content, ete.) and the purpose
of the hybridization (detection, amplification, etc.)
and are well known in the art. For example, stringent
hybridization of an oligonucleotide of approximately
15-40 bases to a complementary sequence in the
polymerase chain reaction (PCR) is done under the
following conditions: a salt concentration of 50 mM
KCI, a buffer concentration of 10 mM Tris-HCI, a Mg2+
concentration of 1.5 mM, a pH of 7-7.5 and an
annealing temperature of 55-6O0C. In a preferred
specific embodiment, after hybridization, wash
conditions are as follows. Each membrane is washed two
times each for 30 minutes each at 450C in 40 mM sodium
phosphate, pH 7.2, 5% SDS, 1 mM EDTA, 0.5% bovine
serum albumin, followed by four washes each for 30
minutes in sodium phosphate, pH 7.2, 1% SDS, 1 mM
EDTA. For high stringency hybridization, the membranes
are additionally subjected to four washes each for 30
minutes in 40 mM sodium phosphate, pH 7.2, 1% SDS, 1
mM EDTA at 550C, followed by four washes each for 30
minutes in sodium phosphate, pH 7.2, 1% SDS, 1 mM EDTA
at 65C. The present invention further provides
vaccines and vaccine formulations which, when
administered to a companion animal in a
therapeutically effective amount, are useful in
treating or preventing (i.e., conferring resistance)
to periodontal disease in a companion animal. 



In one embodiment, the present invention provides a
vaccine that comprises at least one attenuated
(modified live) or inactivated whole cell Poy
hyromonas spp. preparation (bacterin). In a preferred
embodiment, the present invention provides a vaccine
that contains an inactivated whole cell preparation of
at least three Pof hyromonas spp., for example, the
combination of P. gulae B43, P. salivosa B104 and O.
denticanis B106. The bacterial cells can be
inactivated using a variety of agents, such as
formalin, binary ethyleneimine (BEI) or
beta-propriolactone. Preferably, formalin is used as
the inactivating agent. In another embodiment, the
vaccine comprises a subunit fraction of a Pof
hyromonas spp. capable of inducing an immune response.
In a preferred embodiment the vaccine of the present
invention comprises one or more subunit polypeptides
or fragments or variants thereof, or one or more
isolated polynucleotide sequences or fragments or
variants thereof. The attenuated (modified live) or
inactivated vaccines (bacterins), or isolated subunit
polypeptides, or isolated polynucleotides can be
present in combination with other known vaccine
formulation components such as with compatible
adjuvants, diluents, or carriers. Definitions and
Abbreviations The term "ORF" indicates "open reading
frame", i.e. the coding region of a gene. The term
"Percentage of sequence identity" for nucleotide
sequences and polypeptide sequences is determined by
comparing two optimally aligned sequences over
acomparison window, wherein optimal alignment provides
the highest order match and can introduce nucleotide
or amino acid additions or to the test or reference
sequence. The percentage identity is determined by
calculating the percentage of nucleotides- that are
identical between the test and reference sequence at
each position over the entire sequence. Optimal
sequence alignment and percentage identity can be
determined manually, or more preferably by a computer
algorithm including but not limited to TBLASTN,
BLASTP, FASTA, TFASTA, GAP, BESTFIT, and CLUSTALW
(Altschul et al., 1990, J. MoI. Biol. 215(3):403-10;
Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA
85(8):2444-8; Thompson, et al., 1994, Nucleic Acids
Res. 22(22):4673-80; Devereux et al., 1984, Nuc.
Acids. Res. 12:387-395); Higgins, et al., 1996,
Methods Enzymol. 266:383-402). Preferably, the NCBI
Blast Server (http://www.ncbi.nlm.nih.gov) set at the
default parameters is used to search multiple
databases for homologous sequences. The term
"heterologous", when used herein means derived from a
different bacterial species or strain. The term
"homology ", "homologous", and the like, when used
herein means the degree of identity shared between
polynucleotide or polypeptide sequences. The term
"homologous", when used in reference to a bacterial
species means the same bacterial species or strain.
The term "host cell", when used herein means a
bacteria or eukaryotic cell that harbors a plasmid,
virus, or other vector. The term "isolated" when used
herein means removed from its naturally occurring
environment, either alone or in a heterologous host
cell, or chromosome or vector (e.g., plasmid, phage,
etc.). The terms "isolated anaerobic bacteria",
"isolated bacteria", "isolated bacterial strain" and
the like refer to a composition in which the bacteria
are substantial free of other microorganisms, e.g., in
a culture, such as when separated from it naturally
occurring environment. The term "isolated
polynucleotide" indicates a composition in which the
isolated nucleotide comprises at least 50% of the
composition by weight. More preferably, the isolated
polynucleotide comprises about 95%, and most
preferably 99% by weight of the composition. The term
"isolated polypeptide" indicates a composition in
which the isolated polypeptide comprises at least 50%
of the composition by weight. More preferably, the
isolated polypeptide comprises about 95%, and most
preferably 99% by weight of the composition. The term
"functionally equivalent" as utilized herein, refers
to a recombinant polypeptide capable of being
recognized by an antibody specific to native
polypeptide produced by the bacteria which causes
periodontal disease in companion animals, or a
recombinant polypeptide capable of eliciting or
causing a substantially similar immunological response
as that of the native protein from the endogenous
bacteria. Thus, an antibodyraised against a
functionally equivalent polypeptide also recognizes
the native polypeptide produced by the bacteria which
causes periodontal disease in companion animals. The
term "immunogenicity" refers to the capability of a
protein or polypeptide to elicit an immune response
directed specifically against the bacteria that causes
periodontal disease in companion animals. The term
"antigenicity" refers to the capability of a protein
or polypeptide to be immunospecifically bound by an
antibody raised against the protein or polypeptide.
The term "antibody", as used herein, refers to an
immunoglobulin molecule able to bind to an antigen.
Antibodies can be a polyclonal mixture or monoclonal.
Antibodies can be intact immunoglobulins derived from
natural sources or from recombinant sources, or can be
immunoreactive portions of intact immunoglobulins.
Antibodies can exist in a variety of forms including,
for example, as, Fv, Fab', F(ab')2, as well as in
single chains. The term "companion animal", as used
herein, refers to any non-human animal in captivity
considered to be a pet. These may include, but are not
restricted to, dogs, cats, horses, sheep, rabbits,
monkeys, and rodents, including mice, rats, hamsters,
gerbils, and ferrets. The term "protection",
"protecting", and the like, as used herein with
respect to a vaccine, means that the vaccine prevents
or reduces the symptoms of the disease caused by the
organism from which the antigen(s) used in the vaccine
is derived. The terms "protection" and "protecting"
and the like, also mean that the vaccine can be used
to "treat" the disease or one of more symptoms of the
disease that already exists in a subject. The term
"therapeutically effective amount" refers to an amount
of the bacteria, or a subunit, (e.g., polypeptides,
polynucleotide sequences) and combinations thereof
sufficient to 



elicit an immune response in the subject to which it
is administered. The immune response can comprise,
without limitation, induction of cellular and/or
humoral immunity. The term "preventing infection"
means to prevent or inhibit the replication of the
bacteria which cause periodontal disease in companion
animals, to inhibit transmission of the bacteria, or
to prevent the bacteria from establishing itself in
its host, or to alleviate the symptoms of the disease
caused by infection. The treatment is considered
therapeutic if there is a reduction in bacterial load.
The term "pharmaceutically acceptable carrier" refers
to a carrier medium that does not interfere with the
effectiveness of the biological activity of the active
ingredient and is not toxic to the subject to whom it
is administered. The term "therapeutic agent" refers
to any molecule, compound or treatment, preferably an
antibacterial molecule or compound, that assists in
the treatment of a bacterial infection or a disease or
condition caused thereby. The term "fragment or
variant thereof" refers to partial nucleotide or amino
acid sequences according to the present invention.
Preferably the fragments or variants of the
polypeptides that are provided in the present
invention are capable of eliciting a humoral and/or
cellular immune response in a companion animal.
Analogs are encompassed by theterm "fragment or
variant thereof". Mutant polynucleotides which may
possess one or more mutations which are deletions,
insertions or substitutions of nucleotide residues are
encompassed by the term "fragment or variant thereof".
Allelic variants are encompassed by the term "fragment
or variant thereof". Isolation and Characterization of
Porohyromonasspp. Bacteria provided by the present
invention can be obtained using known sampling,
culture and isolation techniques. For example,
microbial samples can be obtained from a population of
companion animals, such as from dogs and cats,
exhibiting periodontal disease. Evidence of
periodontal disease can be observed using known
measures, such as dogs with periodontal pockets >3mm
and cats with periodontal pockets >2mm. Known
parameters for characterizing periodontal disease such
as dental indices (gingival index and periodontal
index) and periodontal pocket depths can determined
for the sample population of companion animals.
Individual samples can be obtained from the
periodontal pocket of a particular animal, maintained
under anaerobic conditions and cultured using various
known culture media. Clinical isolates can be
characterized using known techniques such as a number
of biochemical tests, and 16S rRNA DNA sequence
analysis to determine their genus and species.
Individual isolates can be transferred to plates and
antibiotic disks (Anaerobe Systems) can be placed on
the agar surface to determine the antibiotic
resistance patterns of each isolate. Purified colonies
can also be subjected to known indole and catalase
tests (Anaerobe Systems). Lipase and lecithinase
production patterns can be determined for individual
isolates. The isolates can be typed based on their 16S
rRNA DNA sequence. Individual, wellisolated colonies
can be utilized as a template for polymerase chain
reactions (PCR) amplification of the 16S rRNA region
using, for example, primers D0056 and D0057 (Seq. ID
NO. 1 and Seq. ID NO. 2; Table 1). The resulting PCR
products can be purified using available PCR preps
kits (Promega Corp.; Madison, Wl) and pooled by
isolate. The purified PCR products can then be
desalted and subjected to DNA sequence analysis. The
resulting DNA sequences can be used to search
available DNA databases. The bacterial isolates can
then be typed based on the closest match identified by
database searches. Table 1. DNA sequence
identification listing. All oligonucleotide primers
were synthesized by either Gibco-BRL (USA) or Lark
Technologies Inc. (USA).PROLINE DERIVATIVES AND THEIR
USE AS DI PEPTIDYL PEPTIDASE IV INHIBITORS FIELD OF
THE INVENTION The invention relates to selective
inhibitors of the enzyme dipeptidyl peptidase-IV
(DPP-IV), pharmaceutical compositions thereof, and
uses thereof for treating diseases and conditions
associated with proteins that are subject to
processing by DPP-IV. BACKGROUND OF THE INVENTION
DPP-IV (EC 3.4.14.5) is a serine protease that
preferentially hydrolyzes an N-terminal dipeptide from
proteins having proline or alanine in the 2-position.
DPP-IV is believed to be involved in diabetes, glucose
tolerance, obesity, appetite regulation, lipidemia,
osteoporosis, neuropeptide metabolism and Tcell
activation, among others. Accordingly, administration
of DPP-IV inhibitors in vivo prevents Nterminal
degradation of substrate peptides, thereby resulting
in higher circulating concentrations of such peptides,
and therapeutic benefits associated with such elevated
concentrations. DPP-IV has been implicated in the
control of glucose homeostasis because its substrates
include the incretin peptides glucagon-like peptide 1
(GLP-1) and gastric inhibitory polypeptide (GIP).
Cleavage of the N-terminal amino acids from these
peptides renders them functionally inactive. GLP-1 has
been shown to be an effective anti-diabetic therapy in
Type 2 diabetic patients and to reduce the
meal-related insulin requirement in Type 1 diabetic
patients. GLP-1 and/or GIP are believed to regulate
satiety, lipidemia and osteogenesis. Exogenous GLP-1
has been proposed as a treatment for patients
suffering from acute coronary syndrome, angina and
ischemic heart disease. Administration of DPP-IV
inhibitors in vivo prevents N-terminal degradation of
GLP-1 and GlP, resulting in higher circulating
concentrations of these peptides, increased insulin
secretion and improved glucose tolerance. On the basis
of these observations, DPP-IV inhibitors are regarded
as agents for the treatment of Type 2 diabetes, a
disease in which glucose tolerance is impaired. In
addition, treatment , with DPP-IV inhibitors prevents
degradation of Neuropeptide Y (NPY), a peptide
associated with a variety of central nervous system
disorders, and Peptide YY which has been linked to
gastrointestinal conditions such as ulcers, irritable
bowel disease, and inflammatory bowel disease. In
spite of the early discovery of insulin and its
subsequent widespread use in the treatment of
diabetes, and the later discovery of and use of
sulfonylureas (e.g. chlorpropamide, tolbutamide,
acetohexamide, biguanides (e.g., phenformin),
metformin, thiazolidinediones (e.g., rosiglitazone),
and pioglitazone as oral hypoglycemic agents, the
treatment of diabetes remains less than satisfactory.
The use of insulin, necessary in Type 1 diabetic
patients and about 10% of Type 2 diabetic patients in
whom currently available oral hypoglycemic agents are
ineffective, requires multiple daily doses, usually by
self-injection. Determination of the appropriate
dosage of insulin necessitates frequent 



estimations of the glucose concentration in urine or
blood. The administration of an excess dose of insulin
causes hypoglycemia, with consequences ranging from
mild abnormalities in blood glucose to coma, or even
death. Treatment of Type 2 diabetes usually comprises
a combination of diet, exercise, oral agents, and in
more severe cases, insulin. However, the clinically
available hypoglycemics can have side effects that
limit their use. A continuing need for hypoglycemic
agents, which may have fewer side effects or succeed
where others fail, is clearly evident.Poorly
controlled hyperglycemia is a direct cause of the
multiplicity of complications (cataracts, neuropathy,
nephropathy, retinopathy, cardiomyopathy) that
characterize advanced Type 2 diabetes. In addition,
Type 2 diabetes is a comorbid disease that frequently
confounds hyperlipidemia, atherosclerosis and
hypertension, adding significantly to the overall
morbidity and mortality attributable to those
diseases. Epidemiological evidence has firmly
established hyperlipidemia as a primary risk factor
for cardiovascular disease (CVD) due to
atherosclerosis. Atherosclerosis is recognized to be a
leading cause of death in the United States and
Western Europe. CVD is especially prevalent among
diabetic subjects, at least in part because of the
existence of multiple independent risk factors such as
glucose intolerance, left ventricular hypertrophy and
hypertension in this population. Successful treatment
of hyperlipidemia in the general population, and in
diabetic subjects in particular, is therefore of
exceptional medical importance. Hypertension (high
blood pressure) is a condition that can occur in many
patients in whom the causative agent or disorder is
unknown. Such "essential" hypertension is often
associated with disorders such as obesity, diabetes,
and hypertriglyceridemia and it is known that
hypertension is positively associated with heart
failure, renal failure, and stroke. Hypertension can
also contribute to the development of atherosclerosis
and coronary disease. Hypertension, together with
insulin resistance and hyperlipidemia, comprise the
constellation of symptoms that characterize metabolic
syndrome, also known as insulin resistance syndrome
(IRS) and Syndrome X. Obesity is a well-known and
common risk factor for the development of
atherosclerosis, hypertension, and diabetes. The
incidence of obesity and its related sequelae is
increasing worldwide. Currently, few pharmacological
agents are available that reduce adiposity effectively
and acceptably. Osteoporosis is a progressive systemic
disease characterized by low bone density and
microarchitectural deterioration of bone tissue, with
a consequent increase in bone fragility and
susceptibility to fracture. Osteoporosis and the
consequences of compromised bone strength are a
significant cause of frailty, and of increased
morbidity and mortality. Heart disease is a major
health problem throughout the world. Myocardial
infarctions are a significant source of mortality
among those individuals with heart disease. Acute
coronary syndrome denotes patients who have or are at
high risk of developing an acute myocardial infarction
(Ml). Though there are therapies available for the
treatment of diabetes, hyperglycemia, hyperlipidemia,
hypertension, obesity, and osteoporosis there is a
continuing need for alternative and improved
therapies. Various indications for DPP-IV inhibitors
are discussed in Augustyns, et al., Curr. Medicinal
Chem., 6, 311 (1999); Ohnuki, et al., Drugs of the
Future, 1999, 24, 665-670 (1999); Villhauer, et al.,
Annual Reports in Medicinal Chemistry, 36 191-200
(2001); Drucker, Expert Opin. Invest. Drugs, 12,
87-100 (2003); and Weideman, et al., Curr. Opin.
Invest. Drugs, 4, 412-420 (2003). Orally administered
compounds that inhibit DPP-IV have recently been
prepared, such as those disclosed in International
Application WO 02/14271. DPP-IV inhibitors, such as
those disclosed in WO 02/14271 , are believed to act
by inhibiting the degradation of the natural hormones,
GLP-1 and GIP. Therefore, it is important that a
suitable concentration of the DPP-IV inhibitor be
available in plasma to inhibit DPP-IV coincidently
with thesecretion of these GLP-1 and GIP hormones. To
achieve such plasma concentrations, it is preferred
that the DPP-IV inhibitor compounds maintain a higher
plasma concentration over time than that which would
be expected for other DPP-IV inhibitor compounds, such
as those disclosed in WO 02/14271 . Therefore, what is
needed is an orally administered DPP-IV inhibitor
compound that has equivalent or better DPP-IV
inhibitory activity and that maintains a higher plasma
concentration over time. SUMMARY OF THE INVENTION The
present invention relates to compounds having the
structure of Formula (I) or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
prodrug, or a solvate of said compound, prodrug or
salt, wherein: R1 is -(CrCeJalkyl, -(Ci-C 6)alkoxy,
-(d-CeJarylalkyl, -NRaRb, hydroxy, cyano, aryl, or
heteroaryl, wherein said -(Ci-C 6)alkyl, said aryl, or
said heteroaryl is optionally substituted
independently with one to three -COOH, -C(O)(CrC
6)alkoxy, -C(O)(C r C6)alkyl, -C(O)NR aRb, cyano,
halogen, nitro, trifluoromethyl, -(Ci-C 6)alkyl,
-(Ci-C 6)alkoxy, -(C3-C6)cycloalkyl, or phenyl, and
wherein Ra and Rb are, independently, hydrogen, -(Ci-C
6)alkyl, aryl, or heteroaryl, or Ra and Rb, taken
together with the nitrogen atom to which they are
attached, form a four- to six-membered heterocyclic
ring, wherein said ring optionally incorporates an
additional one or two nitrogen, oxygen, or sulfur ring
heteroatoms; R2 and R3 are, independently, hydrogen,
halogen, -(Ci-C 6)alkyl, or -(C3-C8)cycloalkyl; Q is a
covalent bond, -C(O)-, or -SO2- ; HET is a
heterocycloalkyl ring moiety, optionally substituted
with: (A) one to four -(Ci-C 6)alkyl, optionally
substituted with one to six halogen atoms, -(Ci-C
6)alkoxy, cyano, halogen, hydroxy, or -NRaRb, or (B)
-(Ci-C 6)arylalkyl, optionally substituted with one to
six halogen atoms, -(C1-C6JaIkOXy, cyano, halogen,
hydroxy, or -NRaRb; n is zero or one; X is -CH2- ,
-CHF-, or -CF2- and Y is -CH2- , -CHF-, or -CF2- ,
provided that when n is one X and Y are not both CH2
and when n is zero X is -CH2-; and Z is hydrogen or
cyano. The present invention also relates to a
pharmaceutical composition comprising a
therapeutically effective amount of a compound of the
present invention, or a prodrug thereof, or a
pharmaceutically acceptable salt of the compound or
prodrug, or a solvate of the compound, prodrug or
salt, and a pharmaceutically acceptable carrier,
vehicle, diluent or excipient. The present invention
further relates to a method of treating diabetes
comprising administering to a mammal in need of such
treatment a therapeutically effective amount of a
compound of the present invention, or a prodrug
thereof, or a pharmaceutically acceptable salt of the
compound or of the prodrug, or a solvate of the
compound, prodrug or salt. Preferably, the type of
diabetes treated is Type 2 



diabetes.The present invention additionally relates to
a method of treating a condition mediated by
dipeptidyl peptidase-IV in a mammal comprising
administering to said mammal in need of such treatment
a therapeutically effective amount of a compound of
the present invention, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
prodrug, or a solvate of said compound, prodrug or
salt. The compounds, and pharmaceutical compositions,
of the present invention are useful for the treatment
of diabetes, preferably Type 2 diabetes. The
compounds, and pharmaceutical compositions, of the
present invention are also useful for the treatment of
dipeptidyl peptidase-IV related conditions which
include, but are not limited to, Type 2 diabetes; Type
1 diabetes, impaired glucose tolerance, hyperglycemia,
metabolic syndrome (syndrome X and/or insulin
resistance syndrome), glucosuria, metabolic acidosis,
arthritis, cataracts, diabetic neuropathy, diabetic
nephropathy, diabetic retinopathy, diabetic
cardiomyopathy, obesity, conditions exacerbated by
obesity, hypertension, hyperlipidemia,
atherosclerosis, osteoporosis, osteopenia, frailty,
bone loss, bone fracture, acute coronary syndrome,
short stature due to growth hormone deficiency,
infertility due to polycystic ovary syndrome, anxiety,
depression, insomnia, chronic fatigue, epilepsy,
eating disorders, chronic pain, alcohol addiction,
diseases associated with intestinal motility, ulcers,
irritable bowel syndrome, inflammatory bowel syndrome;
short bowel syndrome; and the prevention of disease
progression in Type 2 diabetes. DETAILED DESCRIPTION
The terms used to describe the present invention have
the following meanings herein. The phrase
"pharmaceutically acceptable" indicates that the
designated carrier, vehicle, diluent, excipient(s),
and/or salt is generally chemically and/or physically
compatible with the other ingredients comprising the
formulation, and physiologically compatible with the
recipient thereof. The carbon atom content of the
various hydrocarbon-containing moieties herein may be
indicated by a prefix designating the minimum and
maximum number of carbon atoms in the moiety, for
example, the prefixes (Ca-Cb)alkyl, and Ca-balkyl,
indicate an alkyl moiety of the integer "a" to "b"
carbon atoms, inclusive. Thus, for example, (CrC
Jalkyl and d .6alkyl refer to an alkyl group of one to
six carbon atoms inclusive. The term "alkyl" denotes a
straight or branched chain of carbon atoms, wherein
the alkyl group optionally incorporates one or more
double or triple bonds, or a combination of double
bonds and triple bonds. Examples of alkyl groups
include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, vinyl, allyl, 2- methylpropenyl, 2-butenyl,
1,3-butadienyl, ethynyl, propargyl, and the like. The
term "alkoxy" refers to straight or branched,
monovalent, saturated aliphatic chains of carbon atoms
bonded to an oxygen atom that is attached to a core
structure. Examples of alkoxy groups include methoxy,
ethoxy, propoxy, butoxy, /so-butoxy, terf-butoxy, and
the like. The term "cycloalkyl" denotes a saturated
monocyclic or bicyclic cycloalkyl group. Cycloalkyl
groups may be optionally fused to aromatic
hydrocarbons such as benzene to form fused cycloalkyl
groups, such as indanyl and the like. Examples of
cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and the like.The
term "halogen" or "halo" represents chloro, bromo,
fluoro, and iodo atoms and substituents. The term
"aryl" denotes a monocyclic or polycyclic aromatic
hydrocarbon group, for example, anthracenyl,
fluorenyl, naphthyl, phenanthrenyl, phenyl, and the
like. The term "arylalkyl" means an alkyl group, as
defined hereinabove, wherein at least one of the
hydrogen atoms thereof has been substituted with an
aryl group, also as defined hereinabove. Examples of
arylalkyl groups include, inter alia, benzyl groups.
The term "heterocycloalkyl", as employed with
reference to HET hereinabove, refers to a saturated
four- to eight-membered heterocyclic ring system,
optionally fused to a five- or six-membered aromatic
or heteroaromatic ring system. Examples of
heterocycloalkyl groups comprise homopiperazinyl,
piperazinyl, piperidyl, pyrrolidinyl, azetidinyl,
2-aza-bicyclo[2.2.1]heptanyl,
3-aza-bicyclo[3.1.0]hexanyl, 2,5-diazabicyclo[
2.2.1]heptanyl, 5,6,7,8-tetrahydro-2H-imidazo[1
,2-a]pyrazinyl, 5,6,7,8- tetrahydro[1
,2,4]triazolo[4,3-a]pyrazinyl,
4,5,6,7-tetrahydropyrazolo[1 ,5-a]pyrazinyl, 5,6,7,8-
tetrahydropyrido[3,4-d]pyrimidyl,
5,6,7,8-tetrahydropyrido[4,3-d]pyrimidyl,
octahydropyrrolo[3,4-b]pyrrolyl,
octahydropyrrolo[3,4-c]pyrrolyl,
6-azabicyclo[3.2.1]octanyl,
3,8-diazabicyc!o[3.2.1]octanyl, 2,3-
dihydrospiro[indene-1 ,4'-piperidyl], spiro[indene-1
,4'-piperidyl], 1-oxa-8-azaspiro[4.5]decanyl, 8-
azabicyclo[3.2.1]octanyl, 2,3,4,5-tetrahydrobenzo[f][1
,4]oxazepinyl, hexahydro-2H-pyrrolo[3,4-
d]isothiazolyl-1 , 1-dioxide,
2,7-diazaspiro[4.4]nonanyl, 6,7,8,9-tetrahydro-5H-[1
,2,4]triazolo[4,3- g][1 ,4]diazepinyl,
5,6-dihydro-8H-imidazo[1 ,2-a]pyrazinyl,
5,6-dihydro-8H-[1 ,2,4]triazolo[4,3-a]pyrazinyl,
7,8-dihydro-5H-pyrido[4,3-a]pyrimidyl,
7,8-dihydro-5H-pyrido[4,3-d]pyrimidyl,
pyrazolo[1,5-a]pyrimidyl, and the like. The term
"heteroaryl" denotes a monocyclic or polycyclic
aromatic heterocyclic ring system. Examples of
heteroaryl groups comprise benzoisothiazolyl,
benzisoxazolyl, benzooxazolyl, benzothiazolyl,
benzofuranyl, benzothienyl, benzimidazolyl,
cinnolinyl, furanyl, furopyridyl, imidazolopyrimidyl,
imidazolyl, indazolyl, indolyl, isoquinolyl,
isothiazolyl, isoxadiazolyl, isoxazolyl,
oxazolopyridyl, oxadiazolyl, oxazolyl, phthalazinyl,
pteridinyl, pyrazinyl, pyridazinyl, pyrrolopyrimidyl,
pyrrolopyridyl, pyrazolopyrimidyl, pyrazolyl, pyridyl,
pyrimidyl, pyrrolyl, quinazolyl, quinolyl,
quinoxalinyl, tetrazolyl, thiazolyl, thiadiazolyl,
thiazolopyridyl, thienopyridyl, thienyl, triazinyl,
triazolyl, 1,1-dioxo-1H- 1,2-benzoisothiazolyl,
oxazolopyridyl, and the like. The term "oxo", means a
carbonyl group formed by the combination of a carbon
atom and an oxygen atom. The term "substituted" means
that a hydrogen atom on a molecule has been replaced
with a different atom or molecule. The atom or
molecule replacing the hydrogen atom is denoted as a
"substituent." The symbol "-" represents a covalent
bond. The phrase "inert solvent" refers to a solvent,
or mixture of solvents, that does not interact with
starting materials, reagents, intermediates, or
products in a manner that adversely affects their
desired properties. The terms "treating", "treated",
or "treatment" as employed herein includes
preventative (e.g., prophylactic), palliative, and
curative uses or results. The phrase "therapeutically
effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the
particular disease, condition, or disorder, (ii)
attenuates,ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder 



described herein. The term "mammal" is an individual
animal that is a member of the taxonomic class
Mammalia. The class Mammalia includes, for example,
humans, monkeys, chimpanzees, gorillas, cattle, swine,
horses, sheep, dogs, cats, mice and rats. In the
present invention.-the preferred mammal is a human.
Preferably, the compounds of the present invention
have the structure of Formula (I) wherein: R1 is aryl
or heteroaryl, optionally substituted independently
with one to three cyano, halogen, nitro,
trifluoromethyl, -(d-C bJalkyl, -(d-C Jalkoxy,
-(C3-C6)cycloalkyl, or phenyl; R2 is -H or -(Ci-C
6)alkyl; R3 is -H -(Ci-C b)alkyl; and HET is
azetidinyl, piperazinyl, piperidinyl, pyrrolidinyl,
5,6-dihydro-8H-imidazo[1,2-a]pyrazin-7-yl,
5,6-dihydro-8H-[1 ,2,4]triazolo[4,3-a]pyrazin-7-yl, or
7,8-dihydro-5H-pyrido[4,3-a]pyrimidin-6-yl. More
preferably, the compounds of the present invention
have the structure of Formula (IA) (IA) wherein R1 is
benzoisothiazolyl, benzisoxazolyl, isothiazolyl,
isoxazolyl, oxazolopyridyl, pyrazinyl, pyridinyl,
pyrimidinyl, quinolinyl, quinoxalinyl, thiadiazolyl,
triazinyl, or 1,1-dioxo-1H-1,2-benzoisothiazolyl. In
the present invention, it is preferred, for the
compounds of Formula (IA), that R1 is pyridinyl or
pyrimidinyl and more preferred that R1 is pyridinyl or
pyrimidinyl, n is 1, X is -CF2- and Y is -CH2- . In
the present invention, the compound
(3,3-difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(pyrimidin
-2- yl)piperazin-1-yl)pyrrolidin-2-yl)methanone, or a
prodrug thereof, or a pharmaceutically acceptable salt
of said compound or said prodrug, is most preferred.
In an alternate embodiment, a compound selected from
the group consisting of:
((2S,4S)-4-(3-(trifluoromethyl)-5,6-dihydro-[1,2,4]tri
azolo[4,3-a]pyrazin-7(8H)-yl)pyrrolidin-2-yl)-(3,3-
difluoropyrrolidin-1-yl)-methanone,
(3,3-difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(oxazolo[5
,4-b]pyridin-2-yl)piperazin-1-yl)pyrrolidin-2-yl)-
methanone,
(3,3-difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(4-methylp
yrimidin-2-yl)piperazin-1-yl)pyrrolidin-2-yl)-
methanone,
((2S,4S)-4-(2-(trifluoromethyl)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl)pyrrolidin-2-yl)-(3,3-
difluoropyrro!idin-1-yl)-methanone,
((S)-3-fluoro-pyrrolidin-1-yl)-{(2S,4S)-4-[4-(3-triflu
oromethyl-pyridin-2-yl)-piperazin-1-yl]-pyrrolidin-2-
yl}-methanone,((S)-3-fluoro-pyrrolidin-1-yl)-[(2S,4S)-
4-(2-trifluoromethyl-7,8-dihydro-5/-/-pyrido[4,3-d|pyr
imidin-6-yl)- pyrrolidin-2-yl]-methanone,
(3,3-difluoro-pyrrolidin-1-yl)-[(2S,4S)-4-(4-oxazolo[4
,5-c]pyridin-2-yl-piperazin-1-yl)-pyrroiidin-2-yl]-
methanone,
[(2S,4S)-4-(2-cyclopropyl-7,8-dihydro-5/-/-pyrido[4,3-
c/|pyrimidin-6-yl)-pyrrolidin-2-yl]-(3-fluoroazetidin-
1 -yl)-methanone,
(3,3-difluoro-pyrrolidin-1-yl)-[(2S,4S)-4-(2-ethoxy-7
I8-dihydro-5H-pyrido[4,3-d|pyrimidin-6-yl)-
pyrrolidin-2-yl]-methanone,
2-{4-[(3S,5S)-5-(3-fluoro-azetidine-1-carbonyl)-pyrrol
idin-3-yl]-piperazin-1-yl}-nicotinonitrile, ((S)-3-f
luoro-pyrrolidin-1
-yl)-[(2S,4S)-4-(4-oxazolo[5,4-b]pyridin-2-yl-piperazi
n-1 -yl)-pyrrolidin-2-yl]- methanone,
(3-fluoro-azetidin-1-yl)-[(2S,4S)-4-(2-trifluoromethyl
-7,8-dihydro-5H-pyrido[4,3-d|pyrimidin-6-yl)-
pyrrolidin-2-yl]-methanone,
2-{4-[(3S,5S)-5-((S)-3-fluoro-pyrrolidine-1-carbonyl)-
pyrrolidin-3-yl]-piperazin-1-yl}-nicotinonitrile,
(3-fluoro-azetidin-1 -yl)-{(2S,4S)-4-[4-(2-trif
luoromethyl-quinolin-4-yl)-piperazin-1
-yl]-pyrrolidin-2-yl}- methanone, ((3/T,4S
*)-3,4-difluoro-pyrrolidin-1-yl)-[(2S
I4S)-4-(2-trifluoromethyl-7,8-dihydro-5H-pyrido[4,3-
af|pyrimidin-6-yl)-pyrrolidin-2-yl]-methanone, and
((3/?*,4S*)-3,4-difluoro-pyrrolidin-1-yl)-[(2S,4S)-4-(
4-oxazolo[5,4-b]pyridin-2-yl-piperazin-1-yl)-
pyrrolidin-2-yl]-methanone, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
said prodrug, is preferred. The compounds of the
present invention contain all contain at least two
stereogenic centers, specifically the (2S, 4S)
pyrrolidin-2-yl, stereogenic centers shown below in
Formula (I). The compounds of the present invention
may be resolved into the pure enantiomers by methods
known to those skilled in the art, for example by
formation of diastereoisomeric salts which may be
separated, for example, by crystallization; formation
of diastereoisomeric derivatives or complexes which
may be separated, for example, by crystallization,
gas-liquid or liquid chromatography; selective
reaction of one enantiomer with an enantiomer-specific
reagent, for example enzymatic esterification; or
gasliquid or liquid chromatography in a chiral
environment, for example on a chiral support for
example silica with a bound chiral ligand or in the
presence of a chiral solvent. It will be appreciated
that where the desired stereoisomer is converted into
another chemical entity by one of the separation
procedures described above, a further step is required
to liberate the desired enantiomeric form.
Alternatively, the specific stereoisomers may be
synthesized by using an optically active starting
material, by asymmetric synthesis using optically
active reagents, substrates, catalysts or solvents, or
by converting one stereoisomer into the other by
asymmetric transformation.Wherein said compounds
contain one or more additional stereogenic centers,
those skilled in the art will appreciate that all
diastereoisomers and diastereoisomeric mixtures of the
compounds illustrated and discussed herein are within
the scope of the present invention. These
diastereoisomers may be isolated by methods known to
those skilled in the art, for example, by
crystallization, gas-liquid or liquid chromatography.
Altenatively, intermediates in the course of the
synthesis may exist as racemic mixtures and be
subjected to resolution by methods known to those
skilled in the art, for example by formation of
diastereoisomeric salts which may be separated, for
example, by crystallization; formation of
diastereoisomeric derivatives or complexes which may
be separated, for example, by crystallization,
gasliquid or liquid chromatography; selective reaction
of one enantiomer with an enantiomer-specific reagent,
for example enzymatic esterification; or gas-liquid or
liquid chromatography in a chiral environment, for
example on a chiral support for example silica with a
bound chiral ligand or in the presence of a chiral
solvent. It will be appreciated that where the desired
stereoisomer is converted into another chemical entity
by one of the separation procedures described above, a
further step is required to liberate the desired
enantiomeric form. Alternatively, specific
stereoisomers may be synthesized by asymmetric
synthesis using optically active reagents, substrates,
catalysts or solvents, or by converting 



one stereoisomer into the other by asymmetric
transformation. Certain compounds of Formula (I) may
exist in different stable conformational forms which
may be separable. Torsional asymmetry due to
restricted rotation about an asymmetric single bond,
for example because of steric hindrance or ring
strain, may permit separation of different conformers.
The present invention includes each conformational
isomer of compounds of Formula (I) and mixtures
thereof. Practitioners will appreciate that certain
compounds of Formula (I) may exist in tautomeric form,
i.e., that an equilibrium exists between two isomers
which are in rapid equilibrium with each other. A
common example of tautomerism is keto-enol
tautomerism, i.e., Examples of such compounds of the
present invention include, inter alia,
hydroxypyridines (pyridones) and hydroxypyrmidines
(pyrimidones). In particular, a person skilled in the
art will recognize that a hydroxypyridine of the
instant invention can exist as two separate tautomers,
e.g., The degree to which one tautomer is present over
the other depends upon various factors, including
substitution pattern and solvent type. Other examples
in accordance with the present invention will be
recognized by those skilled in the art. All tautomeric
forms of Formula (I) are included within the scope of
the claimed invention.The compounds of the present
invention may exist in unsolvated as well as solvated
forms with pharmaceutically acceptable solvents such
as water, ethanol, and the like, and it is intended
that the invention embrace unsolvated forms, solvated
forms and mixtures of solvated forms. Certain
compounds of Formula (I) and their salts and solvates
may exist in more than one crystal form. Polymorphs of
compounds represented by Formula (I) form part of this
invention and may be prepared by crystallization of a
compound of Formula (I) under different conditions.
For example, using different solvents or different
solvent mixtures for recrystallization;
crystallization at different temperatures; various
modes of cooling, ranging from very fast to very slow
cooling during crystallization. Polymorphs may also be
obtained by heating or melting a compound of Formula
(I) followed by gradual or fast cooling. The presence
of polymorphs may be determined by solid probe nmr
spectroscopy, ir spectroscopy, differential scanning
calorimetry, powder X-ray diffraction or such other
techniques. This invention also includes
isotopically-labeled compounds, which are identical to
those described by Formula (I), but for the fact that
one or more atoms are replaced by an atom having an
atomic mass or mass number different from the atomic
mass or mass number usually found in nature. Examples
of isotopes that can be incorporated into compounds of
the invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, sulfur and fluorine, such as 2H, 3H,
13C, 14C, 15N, 180 , 17O, 35S, 36CI, 125 1, 129 I, and
18F respectively. Compounds of the present invention,
prodrugs thereof, and pharmaceutically acceptable
salts of the compounds or of the prodrugs which
contain the aforementioned isotopes and/or other
isotopes of other atoms are within the scope of this
invention. Certain isotopically-labeled compounds of
the present invention, for example those into which
radioactive isotopes such as 3H and 14C are
incorporated, are useful in drug and/or substrate
tissue distribution assays. Tritiated (i.e., 3H), and
carbon- 14 (i.e., 14C), isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution with heavier
isotopes such as deuterium (i.e., 2H), can afford
certain therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances, lsotopically
labeled compounds of Formula (I) of this invention and
prodrugs thereof can generally be prepared by carrying
out the procedures disclosed in the schemes and/or in
the Examples below, by substituting a readily
available isotopically labeled reagent for a
non-isotopically labeled reagent. Pharmaceutically
acceptable salts, as used herein in relation to
compounds of the present invention, include
pharmaceutically acceptable inorganic and organic
salts of said compound. These salts can be prepared in
situ during the final isolation and purification of a
compound, or by separately reacting the compound or
prodrug with a suitable organic or inorganic acid and
isolating the salt thus formed. Representative salts
include, but are not limited to, the hydrobromide,
hydrochloride, hydroiodide, sulfate, bisulfate,
nitrate, acetate, trifluoroacetate, oxalate, besylate,
palmitate, pamoate, malonate, stearate, laurate,
malate, borate, benzoate, lactate, phosphate,
hexafluorophosphate, benzene sulfonate, tosylate,
formate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate,
lactobionate and laurylsulphonate salts, and the like.
These may also include cations based on the alkali and
alkaline earth metals, such as sodium, lithium,
potassium, calcium, magnesium, and the like, as well
as non-toxic ammonium, quaternary ammonium, and amine
cations including, but not limited to, ammonium,
tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine,triethylamine,
ethylamine, and the like. For additional examples see,
for example, Berge, et al., J. Pharm. ScL, 66, 1-19
(1977). The compounds of the present invention may be
isolated and used perse or in the form of their
pharmaceutically acceptable salts or solvates. In
accordance with the present invention, compounds with
multiple basic nitrogen atoms can form salts with
varying number of equivalents of acid. It will be
understood by practitioners that all such salts are
within the scope of the present invention. A prodrug
of a compound of Formula (I) may be one formed in a
conventional manner with a functional group of the
compound, such as with an amino, hydroxy or carboxy
group. The term "prodrug" means a compound that is
transformed in vivo to yield a compound of Formula (I)
or a pharmaceutically acceptable salt or solvate of
the compound. The transformation may occur by various
mechanisms, such as through hydrolysis in blood. A
discussion of the use of prodrugs is provided by T.
Higuchi and W. Stella, "Pro-drugs as Novel Delivery
Systems," Vol. 14 of the A.C.S. Symposium Series, and
in Bioreversible Carriers in Drug Design, ed. Edward
B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987. For example, if a compound of
the present invention incorporates an amine functional
group, a prodrug can be formed by the replacement of a
hydrogen atom in the amine group with a group such as
R-carbonyl, RO-carbonyl, NRR'-carbonyl where R and R'
are each independently (Ci-C 10)alkyl, (C3-
C7)cycloalkyl, benzyl, or R-carbonyl is a natural
a-aminoacyl or natural a-aminoacyl-natural
a-aminoacyl, -C(OH)C(O)OY' wherein Y' is H, (Ci-C
6)alkyl or benzyl, -C(OY0)Y1 wherein Y0 is (C1-C4)
alkyl and Y1 is (Ci-C 6)alkyl, carboxy (C1-C6)alkyI,
amino(d-C 4)alkyl or mono-N- or di-N,N-(Ci-C
6)alkylaminoalkyl, - C(Y2)Y3 wherein Y2 is H or methyl
and Y3 is mono-N- or di-N.N^d-CeJalkylamino,
morpholino, piperidin- 1-yl or pyrrolidin-1-yl.
Similarly, if a compound of the present invention
contains an alcohol functional group, a prodrug can be
formed by the replacement of the hydrogen atom of the
alcohol group with a group such as (C1-
C6)alkanoyloxymethyl, 1-((C1-C6)alkanoyloxy)ethyl,
1-methyl-1-((Ci-C 6)alkanoyloxy)ethyl, (C1-
C6)alkoxycarbonyloxymethyl,
N-(C1-C6)alkoxycarbonylaminomethyl, succinoyl, (d-C
6)alkanoyl, a- amino(CrC 4)alkanoyl, arylacyl and
a-aminoacyl, or a-aminoacyl- a-aminoacyl, where each
a-aminoacyl 



group is independently selected from the naturally
occurring L-amino acids, P(O)(OH)2, -P(O)(O(C 1-
C6)alkyl)2 or glycosyl (the radical resulting from the
removal of a hydroxyl group of the hemiacetal form of
a carbohydrate). If a compound of the present
invention contains a carboxylic acid functional group,
a prodrug can comprise an ester formed by the
replacement of the hydrogen atom of the acid group
with a group such as (Ci-C 8)alkyl, (C2-Ci
2)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from
4 to 9 carbon atoms, 1- methyl-1-(alkanoyloxy)-ethyl
having from 5 to 10 carbon atoms, alkoxycarbonyloxy
methyl having from 3 to 6 carbon atoms,
1-(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon
atoms, 1-methyl-1- (alkoxycarbonyloxy)ethyl having
from 5 to 8 carbon atoms,
N-(alkoxycarbonyl)aminomethyl having from 3 to 9
carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl having
from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C
1-C2)alkylamino(C 2-C3)alkyl (such as b-
dimethylaminoethyl), carbamoyl-(d-C 2)alkyl,
N.N-dKd-Cyalkylcarbamoyl^d-C^alkyl and piperidino-,
pyrrolidino- or morpholino(C 2-C3)alkyl.In general,
the compounds of Formula (I) of this invention may be
prepared by methods that include processes known in
the chemical arts, particularly in light of the
description contained herein. Certain processes for
the manufacture of the compounds of Formula (I) of
this invention are illustrated by the following
reaction schemes. Other processes are described in the
experimental section. The methods disclosed in the
instant Schemes and Examples are are intended for
purposes of exemplifying the instant invention, and
are not to be construed in any manner as limitations
thereon. Some of the starting compounds for the
reactions described in the schemes and Examples are
prepared as illustrated herein. All other starting
compounds may be obtained from general commercial
sources, such as Sigma-Aldrich Corporation, St. Louis,
MO. In the discussions below, the following
abbreviations are used: BOC (fert-butoxycarbonyl), Cbz
(benzyloxycarbonyl), DMF (N,N-dimethylformamide), NMP
(N-methyl-2-pyrrolidinone), DMAC
(N1Ndimethylacetamide), DME (dimethoxyethane), DMSO
(dimethylsulfoxide), EtOAC (ethyl acetate), EtOH
(ethanol), MeOH (methanol), TFA (trifluoroacetic
acid), TFAA (trifluoroacetic anhydride), TEA
(triethylamine), THF (tetrahydrofuran), DIPEA
(diisopropylethylamine), EDC
(1-(3-dimethylaminopropyl)- 3-carbodiimide)), DCC
(dicyclohexylcarbodiimide), CDI ( 1
,1'-carbonyldiimidazole), HATU (0-(7-
azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate), HOAT (1-hydroxy-7-
azabenzotriazole), HOBT (N-hydroxybenzotriazole), and
EEDQ (2-ethoxy-1 -ethoxycarbonyl-1 ,2-
dihydroquinoline). A generalized method for preparing
the compounds of formula (I) is depicted in Scheme 1
hereinbelow. Scheme 1 In Scheme 1, a compound of
formula (II), prepared as described in Scheme 2,
wherein P represents a nitrogen-protecting group, is
deprotected according to known methods. If P
represents BOC, deprotection is typically effected by
first treating (II), dissolved in a solvent such as
EtOAc, ether dioxane or water, with optional cooling
at a suitable temperature, such as about OC, with acid
(e.g., hydrogen chloride) for a suitable time, such as
about 5 minutes to about an hour. The solution is
allowed to warm to room temperature (RT), followed by
stirring for an additional amount of time, typically
an additional 30 minutes to about 16 hours.
Preferably, the reaction mixture is stirred about 15
minutes, allowed to reach room temperature, then
stirred an additional 30 minutes. Alternatively, (II)
is dissolved in TFA and, after a suitable time (e.g.,
about 30 min to about 24 hours), excess TFA is removed
in vacuo, and the residual product is triturated with
a solvent such as ether. If P represents Cbz,
deprotection may be performed by hydrogenolysis in the
presence of catalyst, such as 10% palladium or
palladium hydroxide, in a suitable solvent such as
EtOH or EtOAC at a pressure of about 30 psi to about
60 psi, for a sufficient period oftime, usually
overnight, at a temperature of between about 20 C and
about 80 C. Preferably, hydrogenolysis is effected at
a pressure of about 45 psi at room temperature. The
compounds of formula (II) may be prepared by coupling
an appropriately-substituted carboxylic acid
derivative (III) with an appropriately-substituted
amine derivative (IV) as depicted hereinbelow in
Scheme 2. Scheme 2 The coupling is typically
accomplished by combining (III) and (IV) in a
reaction-inert solvent, preferably an aprotic solvent
such as acetonitrile, dichloromethane, DMF, THF, or
chloroform. A coupling agent, such as EDC, HATU, DCC,
EEDQ, CDI, pivaloyl chloride or
diethylphosphorylcyanide is then added, optionally in
the presence of a base, such as TEA or pyridine, and
an optional adjuvant, such as HOBT or HOAT. The
coupling is typically effected at a temperature of
between about O0C and about 50 C, for a suitable time,
such as from about one hour and about 24 hours, for
example about 16 hours. For a discussion of other
conditions useful for coupling carboxylic acids see
Houben-Weyl, Vol. XV, Part II, E. Wunsch, Ed., G.
Theime Verlag, (1974), Stuttgart; M. Bodansky,
"Principles of Peptide Synthesis", Springer- Verlag
Berlin (1984); and "The Peptides: Analysis, Synthesis
and Biology" (ed. E. Gross and J. Meienhofer), VoIs.
1-5 (Academic Press NY 1979-1983). The compounds of
formulae (III) and (IV) may be prepared by known
methods or, alternatively, according to the exemplary
preparative procedures described hereinbelow. For
exemplary preparations of formula (IV) amines, see PCT
International Application Publication No. WO
2003/101958 and U.S. Pat. No. 6,710,040, the
disclosure of which is incorporated herein by
reference. Alternatively, the compounds of formula
(II) may be prepared as described below in Scheme 3.
Scheme 3 In Scheme 3, the compounds of formula (II)
are prepared by reductive amination of a protected
ketone (V), prepared as described hereinbelow in
Scheme 4, with an appropriately-substituted
heterocycloalkylamine (Vl). Such amination reactions
are well-known to one skilled in the art. See, for
example, A.F. Abdel-Magid, et al., J. Org. Chem., 61.
3849 (1996); R.F. Borch, et al., J. Am. Chem. Soc, 93,
2897 (1971); and S. Bhattacharyya, et al.rSynlett,
1079 (1995). The formula (Vl) amines are well-known in
the relevant art and may be obtained commercially or
prepared by known methods. See,for example, D.A.
Horton, et al., Chem. Rev., 103, 893-930 (2003), H.
Fukui, et al, Heterocycles, 56, 257- 264 (2002), M.Y.
Chu-Moyer, et al., J. Org. Chem., 60, 5721-5725
(1995), and JP. Yevich, et al., J. Med. Chem., 29,
359-369 (1986). Typically, (V) and (Vl) are condensed
in the presence of a reducing agent such as sodium
borohydride, sodium cyanoborohydride, sodium
triacetoxyborohydride, tetramethylammonium
triacetoxyborohydride, or hydrogen in the presence of
a catalyst (10% Pd/C, platinum oxide, etc.),
optionally in the presence of an acid (e.g. acetic
acid (AcOH), hydrochloric acid, etc.). The coupling is
normally effected in a reaction-inert solvent, such as
1,2-dichloroethane, THF, DMF, EtOH, or MeOH. The
reaction is performed at a suitable temperature, such
as 0 to 5O0C, for a suitable period of time, such 



as between about one to about 24 hours, for example,
about 16 hours. The compounds of formula (V) may be
prepared as described hereinbelow in Scheme 4,
beginning with, as appropriate, commercially available
carboxylic acid (VII), ketocarboxylic acid (IX), or
ketoester (X). Scheme 4 In Scheme 4, Step 1, protected
acid (VII) is coupled with amine (IV) as described
hereinabove in Scheme 2 to afford alcohol (VIII). In
Scheme 4, Step 2, alcohol (VIII) is oxidized to ketone
(Va) by treating (VIII) with an oxidizing agent in a
reaction-inert solvent. Examples of appropriate
oxidizing agents comprise pyridine/sulfur trioxide in
DMSO; aqueous sodium hypochlorite in the presence of
sodium bromide and TEMPO (2,2,6,6-
tetramethyl-1-piperidinyloxy) free radical catalyst;
chromium based reagents, such as chromium trioxide,
pyridinium dichromate, or pyridinium chlorochromate;
and oxalyl chloride in DMSO in the presence of a
tertiary amine. Examples of reaction-inert solvents
comprise dichloromethane, EtOAc, toluene, or pyridine.
The oxidation is typically conducted at a temperature
of between about -780C and about 5O0C,for between
about one and about 24 hours, for example, about 16
hours. Such oxidations are well-known to one skilled
in the art. See, for example, M. Tamaki, et al., J.
Org. Chem., 66, 3593 (2001) and X-I. Qiu, et al., J.
Org. Chem., 67, 7162 (2002). In Scheme 4, Step 3,
protected ketocarboxylic acid (IX) is first coupled
with amine (IV), as described hereinabove in Scheme 2,
to afford (Va), which is then alkylated to afford
ketone (V). The alkylation is typically effected by
first forming an enamine by reacting ketone (Va) with
a secondary amine, for example, pyrrolidine,
piperidine or morpholine, followed by treatment with
an alkylating agent, optionally in the presence of a
base, such as potassium carbonate. Typically, the
reaction is effected in a solvent such as benzene,
toluene, acetonitrile, or dioxane. Such conversions
are well-known to one skilled in the art. See, for
example, G. Stork, et al., J. Am. Chem. Soc, 85, 207
(1963); M.W. Holladay, et al., J. Med. Chem., 34, 455
(1991); and P. Barraclough, et al., Tetrahedron, 51,
4195 (1995). In Scheme 4, Step 5, protected ketoester
(X), wherein R represents an alkyl or arylalkyl
moiety, is alkylated under the conditions previously
described in Step 4 to afford ketoester (Xl). In
Scheme 4, Step 6, ketoester (Xl) is saponified to
yield the corresponding carboxylic acid which, in Step
7, is coupled with an appropriately-substituted amine
(IV), as previously described hereinabove in Scheme 2.
The saponification step is typically accomplished by
dissolving (Xl) in a water-miscible solvent, such as
MeOH or EtOH, and water in the presence of a base,
such as lithium hydroxide or sodium hydroxide. The
saponification is effected at suitable temperature,
such as between about 0 0C and about 100 0C,
preferably room temperature, for a suitable time, such
as between about one and about 24 hours, for example,
about 16 hours. Preferably, a pharmaceutical
composition of the present invention comprises a
therapeutically effective amount of a compound of
Formula (IA), or a prodrug thereof, or a
pharmaceutically acceptable salt of the compound or
prodrug, or a solvate of the compound, prodrug or
salt, and a pharmaceutically acceptable carrier,
vehicle, diluent or excipient. More preferably, a
pharmaceutical composition of the present invention
comprises a therapeutically effective amount of the
compound
(3,3-difluoropyrrolidin-1-yl)-((2S,4S)-4-(4-(pyrimidin
-2-yl)piperazin-1- yl)pyrrolidin-2-yl)methanone, or a
prodrug thereof, or a pharmaceutically acceptable salt
of said compound or prodrug, or a solvate of said
compound, prodrug or salt; and a pharmaceutically
acceptable carrier, vehicle, diluent or excipient. The
pharmaceutical compositions formed by combining the
compounds of this invention and the pharmaceutically
acceptable carriers, vehicles or diluents are then
readily administered in a variety of dosage forms such
as tablets, powders, lozenges, syrups, injectable
solutions and the like. These pharmaceutical
compositions can, if desired, contain additional
ingredients such as flavorings, binders, excipients
and the like. Thus, for purposes of oral
administration, tablets containing various excipients
such as sodium citrate, calcium carbonate and/or
calcium phosphate, may be employed along with various
disintegrants such as starch, alginic acid and/or
certain complex silicates, together with binding
agents such as polyvinylpyrrolidone, sucrose, gelatin
and/or acacia. Additionally, lubricating agents such
as magnesium stearate, sodium lauryl sulfate and talc
are often useful for tabletting purposes. Solid
compositions of a similar type may also be employed as
fillers in soft and hard filled gelatin capsules.
Preferred materials for this include lactose or milk
sugar and high molecular weight polyethylene glycols.
When aqueoussuspensions or elixirs are desired for
oral administration, the active pharmaceutical agent
therein may be combined with various sweetening or
flavoring agents, coloring matter or dyes and, if
desired, emulsifying or suspending agents, together
with diluents such as water, ethanol, propylene
glycol, glycerin and/or combinations thereof. For
parenteral administration, solutions of the compounds
or compositions of this invention in sesame or peanut
oil, aqueous propylene glycol, or in sterile aqueous
solutions may be employed. Such aqueous solutions
should be suitably buffered if necessary and the
liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions
are especially suitable for intravenous,
intramuscular, subcutaneous and intraperitoneal
administration. In this connection, the sterile
aqueous media employed are all readily available by
standard techniques known to those skilled in the art.
For intranasal administration or administration by
inhalation, the compounds or compositions of the
invention are conveniently delivered in the form of a
solution or suspension from a pump spray container
that is squeezed or pumped by the patient or as an
aerosol spray presentation from a pressurized
container or a nebulizer, with the use of a suitable
propellant, e.g., dichlorodif luoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. In the case of a
pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amount. The
pressurized container or nebulizer may contain a
solution or suspension of a compound of this
invention. Capsules and cartridges (made, for example,
from gelatin) for use in an inhaler or insufflator may
be formulated containing a powder mix of a compound or
compounds of the invention and a suitable powder base
such as lactose or starch. Methods of preparing
various pharmaceutical compositions with a certain
amount of active ingredient are known, or will be
apparent in light of this disclosure, to those skilled
in this art. For examples of methods of preparing
pharmaceutical compositions, see Remington's
Pharmaceutical Sciences, Mack Publishing Company,
Easton, Pa., 19th Edition (1995). In another aspect,
the invention is directed to a pharmaceutical
composition, which comprises a therapeutically
effective amount of a first compound of Formula (I), a
prodrug thereof or a 



pharmaceutically acceptable salt of the compound or
the prodrug; a second compound that is an antidiabetic
agent selected from insulin and insulin analogs;
insulinotropin; biguanides; a2-antagonists and
imidazolines; glitazones; aldose reductase inhibitors;
glycogen phosphorylase inhibitors; sorbitol
dehydrogenase inhibitors; fatty acid oxidation
inhibitors; a-glucosidase inhibitors; b-agonists;
phosphodiesterase inhibitors; lipid-lowering agents;
antiobesity agents; vanadate and vanadium complexes
and peroxovanadium complexes; amylin antagonists;
glucagon antagonists; growth hormone secretagogues;
gluconeogenesis inhibitors; somatostatin analogs;
antilipolytic agents; a prodrug of the antidiabetic
agents, or a pharmaceutically acceptable salt of the
antidiabetic agents and the prodrugs. In another
aspect, the invention is directed to a kit comprising:
a first dosage form comprising a compound of Formula
(I), or a prodrug thereof, or a pharmaceutically
acceptable salt of the compound or prodrug, or a
solvate of the compound, prodrug or salt; and a second
dosage form comprising an antidiabetic agent selected
from insulin and insulin analogs; insulinotropin;
biguanides; a2-antagonists and imidazolines;
glitazones; aldose reductase inhibitors; glycogen
phosphorylase inhibitors; sorbitol dehydrogenase
inhibitors; fatty acid oxidation inhibitors;
a-glucosidase inhibitors; b-agonists;phosphodiesterase
inhibitors; lipid-lowering agents; antiobesity agents;
vanadate and vanadium complexes and peroxovanadium
complexes; amylin antagonists; glucagon antagonists;
growth hormone secretagogues; gluconeogenesis
inhibitors; somatostatin analogs; antilipolytic
agents; prodrugs of the antidiabetic agents, or a
pharmaceutically acceptable salts of the antidiabetic
agents and the prodrug; and a container for containing
said first dosage (a) and said second dosage (b). In a
preferred embodiment of the kit, both the first and
the second dosage forms independently comprise a
pharmaceutically acceptable carrier or diluent. In
another aspect, the invention is directed to a
therapeutic method of inhibiting dipeptidyl peptidase-
IV comprising administering to a mammal in need of
such treatment a therapeutically effective amount of a
compound of Formula (I), or a prodrug thereof, or a
pharmaceutically acceptable salt of the compound or of
the prodrug, or a solvate of the compound, prodrug or
salt; either alone or in combination with an
antidiabetic agent as described above. In another
aspect, the invention is directed to a method of
treating a condition mediated by dipeptidyl
peptidase-IV inhibition comprising administering to a
mammal in need of such treatment a therapeutically
effective amount of a compound of Formula (I), or a
prodrug thereof, or a pharmaceutically acceptable salt
of the compound or of the prodrug, or a solvate of the
compound, prodrug or salt; either alone or in
combination with an antidiabetic agent as described
above. In one embodiment, the condition treated is
Type 2 diabetes, Type 1 diabetes, impaired glucose
tolerance, hyperglycemia, metabolic syndrome (syndrome
X and/or insulin resistance syndrome), glucosuria,
metabolic acidosis, arthritis, cataracts, diabetic
neuropathy, diabetic nephropathy, diabetic
retinopathy, diabetic cardiomyopathy, obesity,
conditions exacerbated by obesity, hypertension,
hyperlipidemia, atherosclerosis, osteoporosis,
osteopenia, frailty, bone loss, bone fracture, acute
coronary syndrome, short stature due to growth hormone
deficiency, infertility due to polycystic ovary
syndrome, anxiety, depression, insomnia, chronic
fatigue, epilepsy, eating disorders, chronic pain,
alcohol addiction, diseases associated with intestinal
motility, ulcers, irritable bowel syndrome,
inflammatory bowel syndrome; short bowel syndrome; and
the prevention of disease progression in Type 2
diabetes. In a preferred embodiment, the condition
treated is Type 2 diabetes. In another aspect, the
invention is directed to a method of identifying an
insulin secretagogue agent for diabetes, comprising:
administering an agent of Formula (I) to a fasted,
diabetic KK/H1 J symptomatic mouse; and assessing a
response in the mouse to a subsequent oral glucose
challenge, wherein, if said mouse demonstrates an
improvement in the symptoms, said agent is identified
as a treatment for Type 2 diabetes, Type 1 diabetes,
impaired glucose tolerance, hyperglycemia, metabolic
syndrome (syndrome X and/or insulin resistance
syndrome), glucosuria, metabolic acidosis, arthritis,
cataracts, diabetic neuropathy, diabetic nephropathy,
diabetic retinopathy, diabetic cardiomyopathy,
obesity, conditions exacerbated by obesity,
hypertension, hyperlipidemia, atherosclerosis,
osteoporosis, osteopenia, frailty, bone loss, bone
fracture, acute coronary syndrome, short stature due
to growth hormone deficiency, infertility due to
polycystic ovary syndrome, anxiety, depression,
insomnia, chronic fatigue, epilepsy, eating disorders,
chronic pain, alcohol addiction, diseases associated
with intestinal motility, ulcers, irritable bowel
syndrome, inflammatory bowel syndrome; short bowel
syndrome, and to prevent disease progression in Type 2
diabetes.The present invention also relates to
therapeutic methods for treating or preventing the
above described conditions in a mammal, including a
human, wherein a compound of Formula (I) of this
invention is administered as part of an appropriate
dosage regimen designed to obtain the benefits of the
therapy. The appropriate dosage regimen, the amount of
each dose administered and the intervals between doses
of the compound will depend upon the compound of
Formula (I) of this invention being used, the type of
pharmaceutical compositions being used, the
characteristics of the subject being treated and the
severity of the conditions. In general, an effective
dosage for the compounds of the present invention is
in the range of 0.01 mg/kg/day to 30 mg/kg/day,
preferably 0.01 mg/kg/day to 5 mg/kg/day of active
compound in single or divided doses. Some variation in
dosage will necessarily occur, however, depending on
the condition of the subject being treated. The
individual responsible for dosing will, in any event,
determine the appropriate dose for the individual
subject. Practitioners will appreciate that "kg"
refers to the weight of the patient measured in
kilograms. The compounds or compositions of this
invention may be administered in single (e.g., once
daily) or multiple doses or via constant infusion. The
compounds of this invention may also be administered
alone or in combination with pharmaceutically
acceptable carriers, vehicles or diluents, in either
single or multiple doses. Suitable pharmaceutical
carriers, vehicles and diluents include inert solid
diluents or fillers, sterile aqueous solutions and
various organic solvents. The compounds or
compositions of the present invention may be
administered to a subject in need of treatment by a
variety of conventional routes of administration,
including orally and parenterally, (e.g.,
intravenously, subcutaneously or intramedullary).
Further, the pharmaceutical compositions of this
invention may be administered intranasally, as a
suppository, or using a "flash" formulation, i.e.,
allowing the medication to dissolve in the mouth
without the need to use water. EXEMPLIFICATION Unless
noted otherwise, all reactants were obtained
commercially. Flash chromatography was performed
according to the method described by W.C. Still et al.
in J. Org. Chem. 1978, 43, 2923. 



PREPARATIVE EXPERIMENTAL The compounds and
intermediates of the present invention were generally
named according to the IUPAC (International Union for
Pure and Applied Chemistry) recommendations on
Nomenclature of Organic Chemistry and the CAS Index
rules. Preparation 1
fert-butyl-(2S)-2-[(3.3-Difluoropyrrolidin-1-yl)carbon
vn-4-oxopyrrolidine-1-carboxylate Stepi -
ferf-butyl-(2S.4fl)-2-f(3.3-Dif luoropyrrolidin-1
-yl)carbonv p-4-hvdroxypyrrolidine-1 -carboxylate TEA
(0.77 mL, 5.5 mmol) was added to a suspension of
3,3-difluoropyrrolidine hydrochloride (0.79 g, 5.5
mmol; Synlett, 55 (1995)), in 10 mL of
dichloromethane. After five min,
(4R)-1-(tert-butoxycarbonyl)- 4-hydroxy-L-proline ( 1
.16 g, 5 mmol), HOBt (0.74 g, 5.5 mmol), and EDC (1.05
g, 5.5 mmol) were added. After stirring the reaction
overnight, the mixture was washed sequentially with
saturated sodium bicarbonate and brine, dried over
magnesium sulfate, filtered, and concentrated. The
residue was purified by chromatography (Biotage(r)
Flash 4OS (A Dynax Corp.; Charlottesville, VA), 9:1
dichloromethane:methanol) to afford 1.07 g of a light
pink foam. Additional product (0.26 g) was obtainedby
repeated dichloromethane extractions of the aqueous
layer to provide an overall yield of 1.33 g (83%). MS
m/z 321 (MH+) . Step 2 DMSO (0.57 ml_, 8 mmol) in 3 mL
dichloromethane was added dropwise to a solution of
oxalyl chloride (0.38 mL, 4.4 mmol) in 10 mL
dichloromethane at - 65 0C. After five min, a solution
of the product of Step 1 ( 1 .28 g, 4 mmol) in 20 mL
dichloromethane was added. After 15 min, TEA (2.79 mL,
20 mmol) was added. The reaction mixture was allowed
to warm to RT. After 2 hr, the mixture was poured onto
ice. The organic layer was separated, washed
sequentially with 10% NaHCO3 solution and brine, dried
(MgSO4), and concentrated. The residue was purified by
chromatography (Biotage(r) Flash 4OS, 95:5
dichloromethane:MeOH) to afford 765 mg (60%) of the
title compound. MS m/z 3 19 (MH+). Alternatively,
fert-butyl-(2S)-2-[(3,3-difluoropyrrolidin-1-yl)carbon
yl]-4-oxopyrrolidine-1-carboxylate may be prepared
according to the following procedure.
1-(fert-Butoxycarbonyl)-4-oxo-L-proline (6.88 g, 30
mmol), HOBt (4.46 g, 33 mmol), EDC (6.326 g, 33 mmol),
and 3,3-difluoropyrrolidine hydrochloride (4.52 g,
31.5 mmol) were dissolved in 100 mL of dichloromethane
and the reaction mixture was cooled to 0 C in an ice
bath before adding TEA (8.4 mL, 60 mmol). The reaction
mixture was then allowed to warm to RT. After stirring
overnight, saturated sodium bicarbonate (100 mL) was
added and the aqueous layer was extracted with
dichloromethane. The combined organic layers were
washed with brine, dried over magnesium sulfate,
filtered, and concentrated. The residue was purified
by chromatography (Biotage(r) Flash 40M, eluting with
1:10 dichloromethane:hexanes) to afford the title
compound 7.85 g (82% yield). MS (El) m/z 319.3 (MH+) .
Preparation 2 tert-Butyl (2S)-2-(F(3/:?*.4S'
)-3.4-difluoropyrrolidin-1-yl1carbonyl)-4-oxopyrrolidi
ne-1-carboxylate Step 1 - fert-Butyl (2S.4fl)-2-(r(3/
:?'
.4S1-3.4difluoropyrrolidin-1-yllcarbonyl)-4-hvdroxypyr
rolidine-1- carboxylate
(4R)-1-(tert-butoxycarbonyl)-4-hydroxy-L-proline (2.31
g, 10 mmol), was coupled with (3R,LS)-rel-
3,4-difluoropyrrolidine hydrochloride (1.44 g, 10
mmol, Preparation 4), in a manner analogous to that
described in Preparation 1, Step 1, to afford 2.1 5 g
(67%) of the title product as an off-white foam. MS
m/z 321 (MH+). Step 2 The product of Step 1 ( 1 .97 g,
6.1 5 mmol) was oxidized in a manner analogous to that
described in Preparation 1, Step 2, to afford 0.74 g
(38%) of the title compound as a light yellow solid.
MS m/z 319 (MH+). Preparation 3
(4S)-1-(tert-Butoxycarbonyl)-4-(4-pyrimidin-2-ylpipera
zin-1-yl)-L-proline
1-(terf-Butoxycarbonyl)-4-oxo-L-proline (1.0 g, 4.4
mmol), 2-piperazin-1-ylpyrimidine (0.73 g, 4.4 mmol),
and acetic acid (275 mL, 4.6 mmol) were dissolved in
20 mL of anhydrous 1,2-dichloroethane and sodium
triacetoxyborohydride ( 1 .85 g, 8.7 mmol) was added.
After agitating at RT for 24 hr, the reaction mixture
was quenched with saturated NaHCO3. The pH was
adjusted to pH 7 by addition of solid NaHCO3 and
concentrated HCI, the mixture was extracted with
dichloromethane, dried over MgSO4, filtered, and
concentrated to afford 1.0 (61%) of crude material
that was sufficiently pure for further use. MS m/z 378
(MH+) .Preparation 4
(3R4S)-reA3.4-Difluoro-pyrrolidine hydrochloride Step
1 - 2.5-Dihvdro-pyrrole-1-carboxylic acid benzyl ester
3-Pyrroline (10 g, 0.145 mol) was added to a slurry of
sodium bicarbonate (14 g, 0.17 mol) in toluene (100
ml_). The mixture was cooled to O0C and benzyl
chloroformate (23 ml_, 0.16 mol) was added dropwise.
After stirring overnight the solution was diluted with
dichloromethane, washed with cold water and brine,
dried over magnesium sulfate, and concentrated to a
pale yellow oil that was distilled in vacuo. Bp
119-126 0C (0.32 mm). Step 2 -
6-Oxa-3-aza-bicvclo[3.1.01hexane-3-carboxylic acid
benzyl ester The title compound of Step 1 (3.0 g, 15
mmol) was dissolved in a mixture of acetonitrile (100
mL) and water (70 mL) containing ethylenediamine
tetraacetate, disodium salt dihydrate (11 mg, 0.03
mmol). The solution was cooled to O0C and
1,1,1-trifluoroacetone (14.5 mL, 160 mmol) was added
over 10 min. Potassium peroxymonosulfate (45 g, 74
mmol) was added portionwise over 40 min while
maintaining the pH at 7 by adding sodium bicarbonate.
The mixture was stirred at O0C for 1.5 hr then poured
into water and extracted with dichloromethane. The
combined extracts were dried over magnesium sulfate
and concentrated to a colorless oil (3.45 g, 100%).
Step 3 -
(3flS.4flS)-3-Fluoro-4-rivdroxy-pyrrolidine-1-carboxyl
ic acid benzyl ester A mixture of TEA trihydrofluoride
(1.95 mL, 12 mmol) and the title compound of Step 2
(2.62 g, 12 mmol) was heated to 155 0C for three hr,
cooled, and partitioned between water and
dichloromethane. The aqueous phase was extracted again
with dichloromethane and the combined organic extracts
were washed with brine, dried over magnesium sulfate
and concentrated. The residue was purified by
flashchromatography (1% methanol in dichloromethane)
to give the title compound as a pale oil ( 1 .14 g,
Step 4 -
(3f?.4S)-re/-3.4-Difluoro-pyrrolidine-1-carboxylic
acid benzyl ester A solution of the title compound of
Step 3 in dichloromethane ( 15 mL) was cooled to -50
0C and [>/s(2-methoxyethyl)amino]sulfur trifluoride
(1.3 mL, 6.9 mmol) was added. The solution was warmed
to room temperature over 18 hr then partitioned
between water and EtOAc. The aqueous phase was
extracted again with EtOAc and the combined organic
extracts were washed with brine, dried over 



magnesium sulfate, and concentrated. The residue was
purified by flash-chromatography (dichloromethane) to
give the product as a brown oil ( 1 .14 g, 40%). Step
5 A solution of the title compound of Step 4 (675 mg,
2.8 mmol) in EtOH (10 mL) containing 10% Pd/C (200 mg)
was hydrogenated at 40 psi in a Parr apparatus for 18
hr. The solution was filtered over diatomaceous earth
and the filtrate was concentrated to dryness, leaving
a yellow solid (400 mg, 100%). Preparation 5
(S^-O-Fluoro-azetidine-i-carbonylM-oxo-pyrrolidine-i-c
arboxylic acid terf-butyl ester Step 1 -
Benzhvdryl-3-fluoro-azetidine hydrochloride
1-Benzyhydryl-azetidin-3-ol (5.0 g, 20.9 mmol) was
dissolved in 50 mL of benzene, the solution cooled to
15 0C, and (diethylamino)sulfur trifluoride (10.1 g,
62.7 mmol) was added dropwise. After stirring
overnight at room temperature, saturated sodium
bicarbonate was added. The mixture was extracted with
EtOAc, dried over magnesium sulfate, filtered, and
concentrated. The residue was purifiedby
chromatography (Biotage(r) 4OS, 10% EtOAc/hexanes).
The product was dissolved in EtOAc, treated with HCI
(15 mL, 2N in ether), heated briefly, and
concentrated. The solid was triturated with ether,
filtered, and dried to provide 2.58 g of the title
compound. MS m/z 242.3 (MH+). Step 2 -
3-Fluoro-azetidine hydrochloride A solution of the
product of Step 1 (2.58 g, 9.3 mmol) in 30 mL of
methanol containing 10% Pd/C (0.38 g) was hydrogenated
at 30-50 psi in a Parr apparatus for 60 hr. The
solution was filtered over diatomaceous earth and the
filtrate concentrated to dryness. The solid was
recrystallized from MeOH/EtOAc to furnish 0.62 g (60%)
of the title compound. Step 3
N-terf-Boc-4-oxo-L-proline (917 mg, 4 mmol), the title
compound of Step 2 (446 mg, 4 mmol), and HATU (1.673
g, 4.4 mmol) were mixed under nitrogen in anhydrous
methylene chloride. The solution was cooled in an ice
bath before the addition of DIEA (1 .4 mL, 8 mmol).
The reaction mixture was allowed to warm to RT and
stirred overnight. Saturated sodium bicarbonate was
added, the phases were separated and the aqueous phase
was extracted with methylene chloride. The combined
organic portions were washed with brine and dried over
magnesium sulfate. The crude product (2.1 1 g) was
purified by chromatography (Biotage(r) Flash 4OS, 95:5
EtOAc:MeOH) to give the title product as light pink
foam (1.06 g, 92%). MS m/z 287.3 (MH+) . Preparation 6
(S)-2-((S)-3-Fluoro-pyrrolidine-1-carbonyl)-4-oxo-pyrr
olidine-1-carboxylic acid fb/f-butyl ester
N-fert-Boc-4-oxo-L-proline (2.29 g, 10 mmol),
(S)-3-fluoropyrrolidine hydrochloride ( 1 .38 g, 11
mmol) and TEA (2.09 mL, 15 mmol) were mixed in
anhydrous methylene chloride (30 mL) under nitrogen.
HOBT (2.03 g, 15 mmol) was added and the mixture
cooled to O0C in an ice bath before addition of EDC
(2.10, 1 1 mmol). The reaction mixture was allowed to
warm to RT and stirred overnight. The mixture was
washed with saturated sodium bicarbonate and brine and
dried over magnesium sulfate. The crude material (3.15
g) was recrystallized from hexane:EtOAc (2:1) to give
the title compound as light yellow needles (2.18 g,
73%). MS m/z 301.3 (MH+). Preparation 7
(2S.45)-2-(3.3-Difluoro-pyrrolidine-1
-carbonvO-4-piperazin-1 -yl-pyrrolidine-1 -carboxylic
acid tert-butyl ester Step 1 - 4-F(3S.5S)-1
-tert-Butoxycarbonyl-5-(3.3-dif luoro-pyrrolidine-1
-carbonyl)-pyrrolidin-3-yllpiperazine- 1 -carboxylic
acid benzyl ester To a solution of the title compound
of Preparation 1 ( 1.59 g, 5 mmol) and 1-
(benzyloxycarbonyl)piperazine ( 1 .21 g, 5.5 mmol) in
1,2-dichloroethane (2OmL) was added AcOH (0.3 mL, 1.05
equiv.), followed by sodium triacetoxyborohydride (2.1
19 g, 10 mmol). The reaction mixture was stirred at RT
for 4 hr. Saturated sodium bicarbonate was added and
the product extracted with methylene chloride. The
organic phase was washed with brine and dried over
magnesium sulfate. After evaporation, the crude
product (2.28 g yellow foam) was purified by flash
chromatography eluting with EtOAc to give title
compound as white foam ( 1.28 g, 49%). MS m/z 523.3
(MH+) . Step 2 The product of Step 1 (1g, 1.91 mmol)
was dissolved in EtOH (50 mL) and 10% Pd/C (1g, 1
equiv. w/w) was carefully added, followed by
1,4-cyclohexadiene (1.81 mL, 10 equiv.). The mixture
was stirredgently in a tightly-capped flask at RT
overnight. The reaction mixture was filtered through
diatomaceous earth and concentrated to give the
product as yellow semisolid (758 mg, 100%). MS m/z
389.4 (MH+). Preparation 8
(S^-P.S-Difluoro-azetidine-i-carbonylM-oxo-pyrrolidine
-i-carboxylic acid ferf-butyl ester
N-fert-BOC-4-oxo-L-proline (458 mg, 2 mmol),
3,3-difluoroazetidine hydrochloride (258 mg, 2
mmol)(prepared as described in WO 2000/47582), and
DIPEA (0.35 ml_, 2 mmol) were mixed in anhydrous
methylene chloride (10 ml.) and cooled to 00C. HOBT
(405 mg, 3 mmol) was then added in one portion
followed by EDC hydrochloride (422 mg, 2.2 mmol). The
resulting mixture was allowed to warm to RT and
stirred overnight. Saturated sodium bicarbonate was
added, the organic layer was separated, and the
aqueous phase extracted with methylene chloride. The
combined organic extracts were washed twice with
brine, dried over magnesium sulfate, filtered, and
concentrated. The crude product (570 mg) was
triturated with hexanes:methylene chloride (10:1),
filtered, and dried in a vacuum oven to afford 510 mg
(84% yield) of the title product as a light orange
powder. MS (m/z): 305.1 (MH+). Preparation 9
(2S.4S)-4-Fluoro-pyrrolidine-2-carbonitrile
hydrochloride Step 1 -
(2S.4S)-4-Fluoro-pyrrolidine-1.2-dicarboxylic acid
2-fert-butyl ester 1-(2.5-dioxo-Pyrrolidin-1-yl) ester
To a solution of N-tert-BOC-c/s-4-fluoro-L-proline
(700 mg, 3 mmol) in anhydrous DMF (8 mL) was at 00C
added N-hydroxysuccinimide (380 mg, 3.3 mmol) in one
portion, followed by 1,3- diisopropylcarbodiimide (391
mg, 3.1 mmol) in small portions. The reaction was
allowed to warm to RT and stirred overnight. The
mixture was diluted with 100 mL of water, the
precipitate was collected, washed with cold water, and
dried in a vacuum oven overnight. The product ( 1 .093
g) was used without further purification. MS m/z 331.3
(MH+) . Step 2 -
(2S.4S)-2-Carbamoyl-4-fluoro-pyrrolidine-1-carboxylic
acid fert-butyl ester The title compound of Step 1 ( 1
.03 g, 3.12 mmol) was dissolved in dioxane (12 mL) at
RT and the solution was treated with concentrated
aqueous ammonium hydroxide (10 mmol) dropwise. The
resulting thick solution was stirred at RT for three
hr, then acidified with 6N HCI to pH 4-5, and
extracted with methylene chloride (2x). The combined
extracts were washed with saturated sodium bicarbonate
and 



brine, dried over magnesium sulfate, filtered, and
concentrated to afford 562 mg (78% yield) of a clear
oil. MS m/z 233.3 (MH+) . Step 3 -
(2S.4S)-2-Cvano-4-fluoro-pyrrolidine-1-carboxylic acid
tert-butyl ester To a solution of the title compound
of Step 2 (550 mg, 2.37 mmol) and dry pyridine (0.4
mL, 2 equiv.) in anhydrous methylene chloride (15 mL)
at 0C was added a solution of TFAA in 2 mL of
methylene chloride under nitrogen. The solution was
stirred at 0C for two hr and then at RT for one hr.
The reaction mixture was washed with saturated aqueous
sodium bicarbonate and brine, dried over magnesium
sulfate, filtered, and concentrated. The residue was
purified by flash chromatography on silica gel to give
458 mg (90% yield) of an oil that solidified on
standing. MS m/z 215.3 (MH+) . Step 4 The title
compound of Step 3 (400 mg) was dissolved in dry
acetonitrile (8 mL) and 0.5 mL of 4N HCI in dioxane
was added under nitrogen. The resulting solution was
stirred at RT overnight and the whiteprecipitate that
formed was filtered and dried in a vacuum oven to
yield 128 mg (46% yield) of the title compound. MS m/z
115.1 (MH+). Additional product could be obtained from
the filtrate. Preparation 10
(2S)-4.4-Difluoro-pyrrolidine-2-carbonitrile
hydrochloride Step 1 -
N-tert-BOCM^-Difluoropyrrolidine^-carbonitrile To a
solution of
N-tert-BOC-4,4-difluoropyrrolidine-L-proline amide
(250 mg, 1 mmol) and dry pyridine (97 ml_, 1.2 equiv.)
in anhydrous methylene chloride at 00C was added a
solution of TFAA (252 mg, 1.2 equiv.) in 1 ml_ of
anhydrous methylene chloride. The solution was allowed
to warm to RT and stirred for 36 hr. The reaction was
quenched with saturated ammonium chloride, the organic
phase was washed successively with 1N HCI, saturated
sodium bicarbonate and brine, dried over magnesium
sulfate, filtered, and concentrated to afford 252 mg
of a white semisolid. MS m/z 233.1 (MH+). Step 2 The
title compound of Step 1 (245 mg) was dissolved in dry
acetonitrile (10 ml_) and 0.5 ml_ of 4N HCI was added.
The resulting solution was stirred at RT for five hr
and the solvents were removed. The residue was
triturated with EtOAc, the solid was filtered, and
then dried under high-vacuum to afford 105 (59% yield)
of the title compound as a white solid. MS m/z 133.2
(MH+) . The compounds of formula (I), the
stereoisomers thereof, and the pharmaceutically
acceptable salts of the compounds and stereoisomers,
may be prepared as described in the following
Examples. The free base compounds of the present
invention may be obtained from their salt forms by
conventional means such as disclosed in Example 113,
herein. Example 1
((2S.4S)-4-(4-(3-(Trifluoromethv0phenyl)piperazin-1-yl
)pyrrolidin-2-yl)-(3.3-difluoropyrrolidin-1-yl)-
methanone dihvdrochloride Step 1 - ferf-Butyl
(2S.4S)-2-f(3.3-difluoropyrrolidin-1-v
pcarbonyl1-4-(4-f3-(trifluoromethyl)
phenyllpiperazin-1 -yl)pyrrolidine-1 -carboxylate The
title compound of Preparation 1 (96 mg, 0.3 mmol),
1-[3-(trifluoromethyl)phenyl]piperazine (70 mg, 0.3
mmol) and AcOH (18 ml_, 0.3 mmol) were dissolved in 8
mL anhydrous 1,2-dichloroethane. Sodium
triacetoxyborohydride (127 mg, 0.6 mmol) was added.
After stirring the reaction at RT for 3 hr, the
reaction was quenched with saturated sodium
bicarbonate, extracted with EtOAc, washed with brine,
dried over magnesium sulfate, filtered, and
concentrated. The crude material was purified by
chromatography (Biotage (r) Flash 4OS, 95:5
dichloromethane:MeOH) to afford 126 mg (79%) of the
title compound as a white foam. MS m/z 533 (MH+). Step
2 The product of Step 1 (120 mg, 0.225 mmol) was
treated with 4N HCI in dioxane (5 mL). After two hr at
RT, the mixture was concentrated to dryness,
triturated with ether, filtered, and dried in vacuo to
provide 92 mg of the title compound as a white solid.
MS m/z 433 (MH+) . Using appropriate starting
materials, the hydrochloride salts of the compounds of
Examples 2 to 112, disclosed in Table 1 hereinbelow,
were prepared in a manner analogous to that described
in Example 1.SYSTEM, DEVICE, METHOD, AND COMPUTER CODE
PRODUCT FOR PARTIALLY SHARING DIGITAL MEDIA FIELD OF
THE INVENTION [0001] The present invention relates to
systems and methods for distributing software
applications. More particularly, the present invention
relates to a system and a method for distributing
software applications while maintaining control of the
distributed software. More specifically, the present
invention relates to the distribution and the control
of software applications across mobile terminals.
BACKGROUND OF THE INVENTION [0002] Shareware
distribution gives users a chance to try software
before buying it. When a user accesses and continues
to use a Shareware program, the user is expected to
register the program after a reasonable evaluation
period. Individual programs differ on details -- some
request registration while others require it, while
still others specify a maximum trial period after
which the program no longer executes. By registering
the program, a user may obtain anything from the right
to continue using the software to an updated program
with a printed user's manual. Copyright laws apply to
both Shareware and commercial software, and the
copyright holder retains all rights. Shareware is a
distribution method, not a type of software. With the
growth of the Internet, many large commercial software
publishers release "trial" versions of their products
for download and personal use. These "trial" versions
are usually limited in some fashion, for example, the
trial software may only execute for a specified length
of time or have a limited set of features relative to
the commercially purchased version.[0003] Digital
Rights Management ("DRM") is a term used to describe a
range of techniques that use information about rights
and rights holders t o manage copyrighted material and
the terms and conditions on which the material is made
available to users. More specifically, DRM involves
the description, layering, analysis, valuation,
trading, and monitoring of an owner's property rights
t o an asset. DRM covers the management of the digital
rights to the physical manifestation of a work (e.g.,
a textbook) or the digital 



manifestation of a work (e.g., a Web page). DRM also
covers the management of an asset whether the asset
has a tangible or an intangible value. Current DRM
technologies include languages for describing the
terms and conditions for an asset, tracking asset
usage by enforcing controlled environments or encoded
asset manifestations, and ciosed architectures for the
overall management of the digital rights. [0004] In
general, DRM protection is based on the principle that
every end-entity able to consume DRM protected content
is equipped with a cryptographic key that is usually
unique for every end-entity. DRM protected content is
distributed, possibly together with a set of
consumption rights, in encrypted form. Thus, only
authorized parties, usually those that have paid for
the content, are able to consume the content. This is
done, for example, by encrypting the content with the
public key matching the recipient's private DRM key
(asymmetric key encryption). For practical reasons,
usually a hybrid scheme is chosen, wherein DRM
protected content is encrypted under a content
encryption key (CEK) using symmetric encryption. The
CEK in turn is then encrypted with the public DRM key
matching the recipient's private DRM key. The CEK may
be accompanied by consumption rights (which may also
be encrypted) expressing the usage rules for the DRM
protected content. In both approaches only authorized
parties are able t o consume the DRM protected content
assuming secure and correct implementation. The two
approaches, however, also share a drawback originating
from the fact that every end-entity is equipped with a
unique DRM key: content (or the CEK) has t o be
personalized for every device prior to
consumption.[0005] Usually, DRM content is protected,
i.e., encrypted, (and therefore personalized) by the
network side for various reasons, e.g., t o guarantee
payment for the content. Typically, the network
infrastructure has a server for personalizing content
transported in the wireless network. The network
centric nature of current approaches, however, is not
very suitable for certain types of content, e.g., free
content. The most prominent example being content
intended for preview or "trial" purposes. Accordingly,
it is usually the case that the transfer of purchased,
DRM-protected content from one terminal t o another
cannot be performed by the end user of a terminal.
[0006] Typically, the rights holders for content want
to enforce .certain usage rights over content
management, and this includes, in most cases. control
over how content can be copied and which technical and
security requirements have t o be met. DRM version 1.0
from the Open Mobile Alliance (OMA)is an industry-wide
standard that allows developers and publishers t o
protect the intellectual property value of
applications and content provided t o mobile devices.
The OMA DRM version 1.0 standards provide three DRM
methods to enable secure mobile content delivery:
forward lock, combined delivery, and separate delivery
. "Forward lock" restricts a user from forwarding
content that the user has received t o other mobile
terminals. Using "forward lock," the plaintext content
is packaged inside a DRM message that is delivered t o
the terminal. The device is allowed to play, display,
or execute the content, but it cannot forward the
object. "Combined delivery" includes content usage
rules that restrict user access to the digital media
wherein the usage rules are embedded in the digital
media. "Combined delivery" prevents peer-to-peer
distribution and also controls the content usage. In
the combined delivery method, the DRM message contains
two objects, the content and a rights object. The
rights object defines permissions and constraints for
the use of content. These can, for example provide
permission to use the content only for 10 days or t o
play a music file only once. Neither the content nor
the rights object can be forwarded from the target
device. This differs from Sharewarewhich also embeds
the rights within the content because Shareware can be
forwarded to another target device. [0007] The purpose
of "Separate Delivery" is t o protect higher value
content. It enables super-distribution which allows
the device to forward the content, but not the usage
rights. This is achieved by delivering the content and
usage rights using separate channels.
"Super-distribution" allows for content t o be wrapped
and rights to be ascribed t o the use of that content
as it travels over the IWeb. The content is encrypted
into DRM Content Format (DCF) using symmetric
encryption; the DCF provides plaintext headers
describing content type, encryption algorithm, and
other useful information. The rights object holds the
symmetric CEK that is used by the DRM User Agent In he
device for decryption. The rights object is created by
using the OMA Rights Expression Language. Recipients
of super-distribution enabled content must contact the
content retailer to obtain rights to either preview or
purchase the media. Thus, the separate delivery method
enables viral distribution of media maximizing the
number of potential customers while retaining control
for the content provider through centralized rights
acquisition. [0008] The patent application publication
Serial No. 2002/01 841 56 provides a method and
apparatus for facilitating the transfer of usage
rights for digital content. The system comprises
digital content, a usage rights module containing
usage rights information associated with the content
for a user, a transfer permission module containing
transfer permission information for the content, a
current user identification module containing identity
information indicating the identity of the user, and
means for manipulating the current user identification
module t o change the identity information. Payment
for the work is passed from user or t o distributor by
way of a clearinghouse that collects requests from the
user and distributor and from other users who wish to
use particular content. The clearinghouse collects 



payment information, such as debit transactions,
credit card transactions, or other known electronic
payment schemes.[0009] International Publication
Number WO 03/034653, assigned t o the assignee of the
present invention, provides a method and apparatus for
the super-distribution of content on a network having
a plurality of terminals. The network includes various
terminals including desktop computers, mobile
communication devices, and intelligent home appliances
all of which have connectivity to a common network. A
super-distribution federation model that integrates
DRM technology with the Short Messaging Service (SMS)
facilities of a cellular network is provided. The user
of a terminal can forward content t o another terminal
so that the other user can inspect and purchase the
content if desired. [0010] Games are an exciting way t
o communicate and to connect with a large community of
like minded people. Rich mobile games, combined with
connected local area multiplayer gaming over Bluetooth
and wide area multiplayer gaming using cellular
networks, open the door for completely new gaming
concepts. Developers are providing mobile terminals
that support mobile game decks combined with mobile
communication devices that use short range, local
wireless networks supported by the Bluetooth wireless
technology as well as the long range, wide area
wireless networks provided by cellular networks. Thus,
in addition to providing communications, mobile
terminals also feature applications for providing
gaming, digital music players, e-mail, and other Java
based applications. Currently, these applications are
provided separately to each mobile terminal generally
on memory cards using the Multi-Media Card (MMC)
standard. This method utilizes the traditional
distribution method for digital media wherein to
access the application, each user must separately
purchase the application. [001 1] Multiplayer games
and some other applications, however, require more
than inspection of the content. To encourage purchase
of a multiplayer game, users should be able t o play
the game for at least some period of time or on some
number of occasions before purchase of the game is
required. Thus, there is a need for systems and
methods that permit users t o utilize applications
while flexibly restricting the further distribution of
theapplication. Further, there is a need for systems
and methods that provide protected content while
making it easier to start multi-player gaming
sessions. SUMMARY OF THE INVENTION [001 2] The present
invention is directed t o a system, device, and method
of partially sharing digital media between mobile
terminals. Briefly, one exemplary embodiment relates
to a method of providing shared applications for
mobile terminals, the method comprising configuring a
first version of an application for execution on a
first mobile terminal, connecting the first mobile
terminal t o a second mobile terminal, transferring a
second version of the application to a second mobile
terminal using the connection, and limiting an
execution of the second version of the application.
[0013] Another exemplary embodiment relates t o a
method of providing shared applications for mobile
terminals, the method comprising configuring an
application for execution on a first mobile terminal,
initiating execution of the application at the first
mobile terminal, connecting the first mobile terminal
with a second mobile terminal, sending a view of the
executing application from the first mobile terminal
to the second mobile terminal, and receiving the view
of the executing application from the first mobile
terminal at the second mobile terminal. [0014] Yet
another exemplary embodiment relates to a computer
program product computer code configured t o connect a
first mobile terminal t o a second mobile terminal, t
o transfer a second version of the computer code to
the second mobile terminal using the connection, and t
o limit an execution of the second version of the
computer code. [001 5] Yet another exemplary
embodiment relates t o a computer program product
computer code configured t o connect a first mobile
terminal t o a second mobile terminal, to create a
view at the first mobile terminal, to send the view
created from the first mobile terminal to the second
mobile terminal, t oreceive control information from
the second mobile terminal, and to respond to the
control information received from the second mobile
terminal. [0016] Yet another exemplary embodiment
relates to a system for providing shared applications
for mobile terminals, the system comprising a first
mobile terminal executing an application, and a second
mobile terminal wherein the first mobile terminal
connects to the second mobile terminal, transfers a
second version of the application to the second mobile
terminal, and limits an execution of the second
version of the application. [001 7] Yet another
exemplary embodiment relates to a system for providing
shared applications for mobile terminals, the system
comprising a first mobile terminal executing an
application that creates a view, and a second mobile
terminal wherein the first mobile terminal connects to
the second mobile terminal and sends the view of the
application to the second mobile terminal, and further
wherein the second mobile terminal receives the view
of the application and sends control information for
the application to the first mobile terminal. [0018]
Yet another exemplary embodiment relates to a device
configured to provide shared applications for mobile
terminals operating in a communication network, the
device comprising a communication interface that
connects the device to a second device, and a
processor coupled to the communication interface that
executes an application, wherein the communication
interface transfers a second version of the
application to the 



second device, and the processor limits an execution
of the second version of the application. [0019] Yet
another exemplary embodiment relates to a device
configured to provide shared applications for mobile
terminals operating in a communication network, the
device comprising a communication interface that
connects the device to a second device, and a
processor coupled to the communication interface that
transfers a view of the application to the
seconddevice, receives control information for the
application from the second device, and responds t o
the control information received from the second
device. [0020] Other principle features and advantages
of the invention will become apparent t o those
skilled in the art upon review of the following
drawings, the detailed description, and the appended
claims. BRIEF DESCRIPTION OF THE DRAWINGS [00121]
Exemplary embodiments will hereafter be described with
reference t o the accompanying drawings. [0022] FIG. 1
is a diagrammatic representation of a communication
system in accordance with an exemplary embodiment.
[0023] FIG. 2 is a diagrammatic representation of a
mobile communication device in the system of FIG. 1 in
accordance with an exemplary embodiment. [0024] FIG. 3
is a flow diagram depicting operations in a
communication system with partial sharing of an
application in accordance with an exemplary
embodiment. [0025] FIG. 4 is a flow diagram depicting
operations in a communication system with sharing of
an application based on allowing a threshold number of
executions of the application at a second terminal in
accordance with an exemplary embodiment. [0026] FIG. 5
is a flow diagram depicting operations in a
communication system with sharing of an application
based on allowing a threshold usage time for the
application at a second terminal in accordance with an
exemplary embodiment. [0027] FIG. 6 is a flow diagram
depicting operations in a communication system with
sharing of an application based on allowing a
threshold number of executions of the application at a
second terminal whereinthe counter is maintained at a
network server in accordance with an exemplary
embodiment. [0028] FIG. 7 is a flow diagram depicting
operations in a communication system with sharing of
an application based on allowing a threshold usage
time for the application at a second terminal wherein
the time duration of execution is maintained at a
network server in accordance with an exemplary
embodiment. [0029] FIG. 8 is a flow diagram depicting
operations in a communication system with partial
sharing of an application in accordance with an
alternative exemplary embodiment. [0030] FIG. 9 is a
flow diagram depicting operations in a communication
system with partial sharing of an application based on
allowing a threshold number of executions of the
application at a second terminal wherein the counter
is maintained at a first terminal in accordance with
an alternative exemplary embodiment. [0031] FIG. 10 is
a flow diagram depicting operations in a communication
system with partial sharing of an application based on
allowing a threshold usage time for the application at
a second terminal wherein the time duration of
execution is maintained at a first terminal in
accordance with an alternative exemplary embodiment.
[0032] FIG. 11 is a flow diagram depicting operations
in a communication system with partial sharing of an
application in accordance with another alternative
exemplary embodiment. DETAILED DESCRIPTION OF
EXEMPLARY EMBODIMENTS [0033] The term "mobile
terminal" should be understood t o include cellular
telephones; PDAs with telephonic or wireless
communication capabilities such as those manufactured
by PALM, Inc.; Instant Messaging Devices, such as
those manufactured by Blackberry, Inc.; notebook
computerswith telephonic or wireless communication
capabilities; and other mobile devices that can
communicate using various transmission technologies
(including CDMA, GSM, TDMA, Bluetooth, and others) or
media (radio, infrared, laser, and the like). In
addition t o providing communications, mobile
terminals also feature applications for providing
gaming, digital music players, e-mail, and other Java
based applications [0034] The term "execution" is the
process of running a program or the carrying omt of
the operation called for by an instruction. A computer
processor executes an instruction, meaning that it
performs the operations called for by that
instruction. [0035] Connecting a mobile terminal to
another mobile terminal may be through one or more of
the following connection methods without limitation: a
link established according t o the Bluetooth Standards
and Protocols, an infrared communications link, a
wireless communications link, a cellular network link,
a physical serial connection, a physical parallel
connection, a link established according to the
Transmission Control Protocol/Internet Protocol and
Standards, etc. Other connection methods may be used.
Thus, these connection methods are for illustration
and not for purposes of limitation. Transferring
content from one mobile terminal t o another mobile
terminal may be using one or more of these connection
types. Transferring may use messaging services
provided for mobile communication devices including,
but not limited 



to, the SMS, the Multi-Media Messaging Service (MMS),
e-mail, and Instant Messaging (IM). E-mail and/or IM
may themselves be based on the SMS and the MMS. SMS
for transferring content may be used in exemplary
embodiments due t o the low overhead of such messages.
Other transfer methods, however, may be used. [0036]
FIG. 1 illustrates a communication system 2 that may
include a personal area network 4 and/or a cellular
network 5. In an exemplary embodiment, the
communication system 2 may include only a personal
area network 4 without the need for the cellular
network 5. Either or both of thepersonal area network
4 and the cellular network 5 may include a mobile
terminal 6 and other mobile terminals 8. The mobile
terminal 6 has an application that may be a game or
any other application implementable on the mobile
terminal 6. The mobile terminal 6 "shares" the
application with other mobile terminals 8 either
through the personal area network 4 and/or the
cellular network 5. Still other mobile terminals 8 may
be connected with the mobile terminal 6 using the
Internet (not shown). The mobile terminals 6, 8 may be
connected in the personal area network through a
wireless router 10 or directly t o each other as shown
in FIG. 1. In the cellular network 5, the mobile
terminals 6 (not shown) and/or 8 are connected t o
other mobile terminals 8 through a base station 12
that may connect t o other base stations 12 through a
network server 14. The personal area network 4 and the
cellular network 5 are connected through various
methods well-known to those skilled in the art. The
base station 12 may be a station located proximate the
mobile terminal device 6, 8 that provides
communication of messages t o and from entities
comprising the communication system 2. [0037] In an
exemplary embodiment, the mobile terminal 6, as shown
in FIG. 2, has a display 20, a processor 22, a
communication interface 24, an application module 26,
and a MMC interface 28. The display 20 presents
messages for display and for editing and displays a
user interface created by executing applications. In
an exemplary embodiment, a view of the user interface
at an instant in time is captured. The display 20 can
be a thin film transistor (TFT) display, a light
emitting diode (LED) display, or any of a variety of
different displays. The application module 26 can be a
computer chip or an arrangement of programmed
instructions directing the execution of the
application. The programmed instructions may be
located on a MMC. The MMC interface 28 provides access
t o the MMC by the processor 22 for execution of the
programmed instruction set stored on the MMC. The
processor 22 executes instructions from the
application module 26 and instructions contained
within the processor 22. The communication interface
24 providesan interface for receiving and transmitting
information between the mobile terminals 6, 8 and
other network devices including the base station 12.
[0038] A first user purchases an application for
execution on a mobile terminal. The purchase may have
been at a traditional store and involve a MMC that
plugs into the mobile terminal through the MMC
interface 28. Alternatively, the application may have
been purchased from a network server 14 or a Web
server (not shown) and downloaded t o the mobile
terminal 6 using a network connection. As shown in
FIG. 3 at an operation 30, the application is
configured for execution on the mobile terminal 6
(first terminal). Configuration may include
installation of the application downloaded from the
network. At an operation 32, the user at the first
terminal b connects t o a user at a second terminal 8.
After connecting with the second terminal 8, a second
version of the application is transferred from the
first terminal 6 to the second terminal 8 at an
operation 34. In an exemplary embodiment, the transfer
of the second version of the application may only
occur on the first connection between the first
terminal 6 and the second terminal 8. The user at the
first terminal 6, at operation 36, initiates execution
of the application. The user at the second terminal 8,
at operation 38, initiates execution of the second
version of the application. Multiple terminals 8 may
be connected with first terminal 6 that transfers the
second version of the application t o each mobile
terminal 8. The second version of the application
transferred to each mobile terminal 8 also initiates
execution of the application at the respective mobile
terminal. [0039] Continued processing depends on the
operational configuration of the second version of the
application. The second version of the application may
have the same functionality as the application
executing on the first terminal 6. The functionality
of an application includes the complete set of
capabilities provided by the application separate from
the usage rights for that application. The shared
application, however, may have reduced functionality.
An example of reduced functionality might include an
inability t o initiate a new game session. Thus, the
second version of the application havinga reduced
functionality may only allow a user to join an already
executing multiplayer game. [0040] Functionality is
distinct from usage rights for the application. The
second version of the application may provide the same
functionality as the application executing on the
first terminal 6, but, for example, only allow
execution of the application a predetermined number of
times. Usage rights, thus, limit the execution of the
second version of the application. In an exemplary
embodiment as shown in FIG. 4 at operation 40, a
counter value is updated at the second terminal 8 each
time the second version of the application is executed
at the second terminal 8. A test at operation 4 2
compares the updated value o the counter to a
pre-determined threshold value set in the usage rights
associated with the second version of the application
t o determine whether to continue execution of the
second version of the application on the second
terminal. For example, in one embodiment, if the 



counter value is below the threshold, execution of the
second version of the application continues at
operation 46. If the counter value is above or equal t
o the threshold, execution of the second version of
the application stops at operation 44. The user may no
longer execute the second version of the application.
[0041] In an alternative embodiment, as shown in FIG.
5, a timer may be used t o limit the usage rights of
the second user t o the second version of the
application. At operation 50, a timer is started at
the second terminal. When execution of the second
version of the application stops at operation 52, the
timer also stops. The time duration of the execution
of the second version of the application is then
determined at operation 54. This time duration is
added t o the previous value of the time counter at
operation 56. A test at operation 58 compares the
current value of the time counter t o a pre-determined
threshold value set in the usage rights associated
with the second version of the application to
determine whether t o continue execution of the second
version of the application on the second terminal. For
example, in one embodiment of the invention, if the
time counter is below the threshold, execution of the
secondversion of the application continues at
operation 57. If the time counter is above or equal t
o the threshold, execution of the second version of
the application stops at operation 59. The user may no
longer execute the second version of the application.
[0042] !n an alternative embodiment, as shown at
operation 60 in FIG. 6, the second terminal 8 may
connect t o a network server 14 that may be part of
the cellular network 5 or connected t o the second
terminal 8 through the Internet. The second terminal 8
may connect with the first terminal 6 using either of
the personal area network 4 or the cellular network 5.
Configuration of the usage rights associated with the
second version of the application requires a
connection to the network server 14 t o allow
continued execution of the second version of the
application at the mobile terminal 8. A test at
operation 62 is conducted t o determine if the second
terminal is connected t o the network server. If the
second terminal is not connected to the network
server, execution of the second version of of the
application is stopped at operation 67. If second
terminal is connected to the network server, a counter
value is updated at operation 64 at the network server
14 each time the second version of the application is
executed at the second terminal 8. This may require
that the network server maintain a database or text
file to track the specific second terminal 8, the
application executed (for example, the game executed),
and the counter of the executions of that application
by the specific second terminal 8. Other methods for
maintaining the counter may also be used as is well
known to those skilled in the art. For example, the
counter may be maintained in a registry and indexed by
a mobile terminal identifier and possibly an
application identifier. A test at operation 66
compares the current value of the counter maintained
at the network server 14 t o a pre-determined
threshold value set in the usage rights associated
with the second version of the application to
determine whether t o continue execution of the second
version of the application. For example, in one
embodiment of the invention, if the counter is below
the threshold, execution of the second version of the
application continues at operation 68. If the counter
is above or equal t o the threshold,execution of the
second version of the application stops at operation
67. The user may no longer execute the second version
of the application. The second version of the
application may be disabled by the network server 14
using a number of methods including, for example, by
sending a stop execution message or by not sending a
continue execution message t o the second terminal 8 .
The second version of the application responds to the
message by terminating execution. [0043] In an
alternative embodiment, as shown at operation 70 in
FIG. 7, the second terminal 8 may connect to a network
server 14 that may be part of the cellular network 5
or connected to the second terminal 8 through the
Internet. The second terminal 8 may connect with the
first terminal 6 using either of the personal area
network 4 or the cellular network 5. Configuration of
the usage rights associated with the second version of
the application requires a connection to the network
server 14 to allow continued execution of the second
version of the application at the mobile terminal 8. A
test at operation 72 is performed to determine if the
second terminal is connected to the network server. If
the second terminal is not connected to the second
terminal, execution of the second version of the
application is stopped at operation 75. If the second
terminal is connected to the network server, a timer
is started at operation 73 at the network server 14 .
When execution of the second version of the
application stops at operation 74, the timer also
stops. The time duration of the execution of the
second version of the application is then determined
at operation 76 at the network server 14 . This time
duration is added to the previous value of the time
counter maintained at the network server 14 at
operation 77. The previous value of the time counter
can be saved at the network server 14 . This may
require that the network server maintain a database or
text file t o track the specific second terminal 8,
the application executed (for example, the game
executed), and the time counter for execution of that
application by the specific second terminal 8. Other
methods for maintaining the counter may also be used
as well known t o those skilled in the art. For
example, the counter may be maintained in a registry
and indexed by amobile terminal identifier and
possibly an application identifier. A test performed
at the network server 14 at operation 78 compares the
current value of the time counter t o a pre-determined
threshold value set in the usage rights associated
with the second version of the application to
determine whether to continue 



execution of the second version of the application.
For example, in one embodiment of the invention, if
the time counter is below the threshold, execution of
the second version of the application continues at
operation 79. If the time counter is above or equal t
o the threshold, execution of the second version of
the application stops at operation 75. The user may no
longer execute the second version of the application.
The second version of the application may be disabled
by the network server 14 using a number of methods
including, for example, by sending a stop execution
message or by not sending a continue execution message
to the second terminal 8. [0044] In an alternative
embodiment, as shown at operation 80 in FIG. 8, the
second terminal 8, after connecting to the first
terminal 6, sends a first communication t o the first
terminal 6 notifying the first terminal of the
presence of the second terminal 8. Where the
application is a game, for example, the first
communication may be a request to join the game. The
first terminal 6 receives the first communication at
operation 82. The first terminal 6 responds t o the
first communication by sending a second communication
to the second terminal 8 at operation 84. The second
communication can be used to determine whether to
continue operation of the second version of the
application. For example, according t o one embodiment
of the invention, at the second terminal 8, a test at
operation 86 waits to receive the second communication
from the first terminal 6. Until the second
communication is received at the second terminal 8,
execution of the second version is stopped at
operation 88. [0045] As shown in FIG. 9, after the
second communication is received, the operational flow
may take one of at least three paths. As already
discussed relative t o FIGs. 4 , 5, 6, and 7, a
counter or a time counter may be used to limit the
execution of the second version of the application at
thesecond terminal. The counter or time counter may be
maintained at the second terminal (FIGs. 4 and 5) or
at the network server (FIGs. 6 and 7). Alternatively,
as shown in FIGs. 9 and 10, the counter and time
counter may be maintained at the first terminal. At
operation 90, a counter is updated at the first
terminal 6 each time the second version of the
application is executed at the second terminal 8. This
may require that the first terminal 6 maintain a
database or text file to track the specific second
terminal 8, the application executed (for example, the
game executed), and the counter of the executions of
that I application by the specific second terminal 8.
Other methods for maintaining the counter may also be
used as well known t o those skilled in the art. For
example, the counter may be maintained in a registry
and indexed by a mobile terminal identifier and poss
biy an application identifier. As another alternative,
the application may maintain a table of identifiers
with a corresponding counter or time counter. A test
at operation 92 compares the current value of the
counter maintained at the first terminal 6 to a
pre-determined threshold value set in the usage rights
associated with the second version of the application
to determine whether t o continue operation of the
second version of the application. For example,
according t o one embodiment of the invention, if the
counter is below the threshold, execution of the
second version of the application continues at
operation 96. If the counter is above or equal t o the
threshold, execution of the second version of the
application stops at operation 94. The user may no
longer execute the second version of the application.
The second version of the application may be disabled
by the first terminal 6 using a number of methods
including, for example, by sending a stop execution
message or by not sending a continue execution message
t o the second terminal 8. [0046] In FIG. 10 , at
operation 100, a timer is started at the first
terminal 6. When execution of the second version of
the application stops at operation 102, the timer also
stops. The time duration of the execution of the
second version of the application is then determined
at operation 104 at the first terminal 6. This time
duration is added to the previous value of the time
counterat operation 106. The previous value of the
time counter can be saved at the first terminal 6.
This may require that the first terminal 6 maintain a
database or text file to track the specific second
terminal 8, the application executed (for example, the
game executed), and the time counter for execution of
that application by the specific second terminal 8.
Other methods for maintaining the counter may also be
used as well known t o those skilled in the art. For
example, the counter may be maintained in a registry
and indexed by a mobile terminal identifier and
possibly an application identifier. A test performed
at the first terminal 6 at operation 108 compares the
current value of the time counter t o a pre-determined
threshold value set in the usage rights associated
with the second version of the application t o
determine whether to continue execution of the second
version of the application. For example, in one
embodiment of the invention, if the time counter is
below the threshold, execution of the second version
of the application continues at operation 109. If the
time counter is above or equal to the threshold,
execution of the second version of the application
stops at operation 107. The user may no longer execute
the second version of the application. The second
version of the application may be disabled by the
first terminal 6 using a number of methods including,
for example, by sending a stop execution message or by
not sending a continue execution message t o the
second terminal 8. [0047] In an alternative
embodiment, a computer program product is provided and
executed by the processor 22. The computer program
product provides an application and supports sharing
of the application between 



mobile terminals. The computer program product may
include a user interface that is displayed on display
20 of the terminal 6. The computer program product
comprises computer code configured to connect a first
mobile terminal to a second mobile terminal, transfer
a second version of the computer code t o the second
mobile terminal using the connection, and limit an
execution of the second version of the computer code.
The execution of the second version of the computer
code transferred t o the second mobile terminal 8 may
be, for example, through any of the methods discussed
relative to FIGs. 3-1 0.[0048] In an alternative
exemplary embodiment as shown in FIG. 11 at operation
110, an application is configured for execution on the
mobile terminal 6 (first terminal). A first user
purchases the application for execution on a mobile
terminal. The purchase may have been at a traditional
store and involve an MMC that plugs into the mobile
terminal through the MMC interface 28. Alternatively,
the application may have been purchased from a network
server 14 or a Web server (not shown) and downloaded
to the mobile terminal 6 using a network connection.
Configuration may include installation of the
application downloaded from the network. At operation
112, the first terminal 6 connects to the second
terminal 8. Execution of the application is initiated
at operation 114 on the first terminal 6. At operation
116, execution of a controlled application that
includes a public interface is initiated at the second
terminal 8 . The ability t o initiate an execution of
the controlled application at the second terminal 8
may be a capability implemented in the terminal 6, 8,
for example, through installation of a general
application when the terminal 6, 8 is purchased.
Without a connection t o the application executing on
a first terminal 6, the controlled application has no
apparent functionality. At operation 118, the first
terminal 6 sends a view of the executing application
to the second terminal 8. The second terminal 8
receives the view of the executing application at
operation 120. The received view is displayed by the
controlled application at the second terminal 8 at
operation 122. The received view depicts the current
status of the executing application at the first
terminal 6. [0049] At operation 124, the user of the
second terminal 8 responds to the received view by
creating control information pertinent t o the
application executing at the first terminal 6 through
the controlled application. Multiple second terminals
8 also may receive the view from the first terminal 6
and create control information in response t o
receiving the view from the first terminal 6. Control
information may include information, for example,
indicating movement of a character in a game that is
being "played" by the user of the second terminal 8.
The control information created at the second terminal
8 is sent t o the first terminal 6 at operation 126.
The first terminal 6 receives thecontrol information
at operation 128. The application executing at the
first terminal 6 interprets the control information
received from the second terminals 8 at operation 130.
The application view, at operation 132, is updated to
reflect the control information received from the
second terminal 8. At operation 134, a test is
performed t o determine if the application continues
to execute at the first terminal 6. If the application
stops executing at the first terminal 6, the
controlled application execution at the second
terminal 8 stops at operation 136. If the application
continues t o execute at the first terminal 6, the
updated view reflecting the received control
information from the second terminals 8 is sent to the
second terminals 8 at operation 118. As a result, the
exemplary embodiment depicted in FIG. 11 provides a
method for sharing an application between terminals
that does not require distribution of the application.
Each terminal 8 has installed a controlled application
that include a public interface with the capability t
o receive views, to display the views, t o create
control information pertinent to the views, and t o
send the control information to the terminal 6
executing the application. [0050] In an alternative
exemplary embodiment, a computer program product is
provided and executed by the processor 22. The
computer program product provides an application and
supports sharing of the application controls between
mobile terminals. The computer program product may
include a user interface that is displayed on display
20 of the terminal 6. The computer program product
comprises computer code configured t o connect a first
mobile terminal to a second mobile terminal, to create
a view of the application executing at the first
mobile terminal, to send the view created from the
first mobile terminal t o the second mobile terminal,
t o receive control information from the second mobile
terminal, and to respond to the control information
received from the second mobile terminal. The computer
code may be further configured t o interpret the
control information received from the second mobile
terminal, to update the view of the application
executing at the first mobile terminal with the
interpreted control information, and t o send the
updated view from the first mobile terminal to the
second mobile terminal.[0051] In an alternative
exemplary embodiment, a computer program product is
provided and executed by the processor 22. The
computer program product provides a controlled
application that displays a view of an application
executing at a first terminal 6. The computer program
product comprises computer code configured to connect
a first mobile terminal to a second mobile terminal,
to receive a view of an application executing at the
first mobile terminal, to display the view of the
executing application received from the first mobile
terminal, to create control information for the
executing application at the first mobile terminal,
and to send the control information to the first
mobile terminal. - [0052] This detailed description
outlines exemplary embodiments of a method, a device,
a system, and a computer code product for providing
shared applications between mobile terminals. These
embodiments control 



distribution of digital media including applications
while allowing sharing of the digital media under
controlled circumstances to encourage future purchase
of the digital media. In the foregoing description,
for purposes of explanation, numerous specific details
are set forth in order to provide a thorough
understanding of the present invention. It is evident,
however, to one skilled in the art that the exemplary
embodiments may be practiced without these specific
details. In other instances, structures and devices
are shown in block diagram form in order to facilitate
description of the exemplary embodiments. [0053] While
the exemplary embodiments illustrated in the Figures
and described above are presently preferred, it should
be understood that these embodiments are offered by
way of example only. Other embodiments may include,
for example, different techniques for performing the
same operations. The invention is not limited to a
particular embodiment, but extends to various
modifications, combinations, and permutations that
nevertheless fall within the scope and spirit of the
appended claims.WHAT IS CLAIMED IS: 1. A method of
providing shared applications for mobile terminals,
the method comprising: configuring a first version of
an application for execution on a first mobile
terminal; connecting the first mobile terminal to a
second mobile terminal; transferring a second version
of the application to a second mobile terminal using
the connection; and limiting an execution of the
second version of the application. 2. The method of
claim 1, wherein limiting the execution of the second
version comprises: initiating execution of the second
version at the second mobile terminal; updating a
counter value at the second mobile terminal when the
second version initiates execution; comparing the
updated counter value to a predetermined threshold at
the second mobile terminal; and determining whether to
continue execution of the second version at the second
mobile terminal based on the comparison between the
updated counter value and the predetermined threshold.
3 . The method of claim 1, wherein limiting the
execution of the second version comprises: initiating
execution of the second version at the second mobile
terminal; starting a timer at the second mobile
terminal when execution of the second version
initiates; stopping the timer at the second mobile
terminal when execution of the second version ends;
determining a duration time that the second version
executed from the timer; adding the duration time to a
time counter at the second mobile terminal; comparing
the time counter to a predetermined threshold at the
second mobile terminal; and determining whether t o
continue execution of the second version at the second
mobile terminal based on the comparison between the
time counter j and the predetermined threshold. 4 .
The method of claim 1, wherein limiting the execution
of the second version comprises: connecting the second
mobile terminal to a network server; initiating
execution of the second version at the second mobile
terminal; updating a counter value at the network
server when the second version initiates execution at
the second mobile terminal; comparing the updated
counter value to a predetermined threshold at the
network server; and determining whether t o continue
execution of the second version at the second mobile
terminal based on the comparison between the updated
counter value and the predetermined threshold. 5. The
method of claim 1, wherein limiting the execution of
the second version comprises: connecting the second
mobile terminal t o a network server; initiating
execution of the second version at the second mobile
terminal; starting a timer at the network server when
execution of the second version initiates; stopping
the timer at the network server when execution of the
second version ends;determining a duration time that
the second version executed from the timer; adding the
duration time to a time counter at the network server;
comparing the time counter to a predetermined
threshold at the network server; and determining
whether to continue execution of the second version at
the second mobile terminal based on the comparison
between the time counter and the predetermined
threshold. 6. The method of claim 1, wherein limiting
the execution of the 



second version comprises: initiating execution of the
second version at the second mobile terminal; sending
a first communication to the first mobile terminal
from the second mobile terminal when execution of the
second version initiates; sending a second
communication to the second mobile terminal from the
first mobile terminal in response to receiving the
first communication at the first mobile terminal; and
determining whether to continue execution of the
second version at the second mobile terminal based on
the second communication. 7. The method of claim 6,
wherein limiting the execution of the second version
further comprises: updating a counter value when the
second version initiates execution; comparing the
updated counter value to a predetermined threshold;
and determining whether to continue execution of the
second version of the application at the second mobile
terminal based on the comparison between the updated
counter value and the predetermined threshold.8. The
method of claim 7, wherein the counter is located at
the second mobile terminal. 9. The method of claim 7,
wherein the counter is located at a network server in
communication with the second mobile terminal. 10. The
method of claim 7, wherein the counter is located at
the first mobile terminal. 11. The' method of claim 6,
wherein limiting the execution of the second version
comprises: starting a timer when execution of the
second version initiates; stopping the timer when
execution of the second version ends; determining a
duration time that the second version executed from
the timer; adding the duration time t o a time
counter; comparing the time counter t o a
predetermined threshold; and determining whether to
continue execution of the second version at the second
mobile terminal based on the comparison between the
time counter and the predetermined threshold. 12. The
method of claim 11, wherein the timer and the time
counter are located at the second mobile terminal. 13.
The method of claim 11, wherein the timer and the time
counter are located at a network server in
communication with the second mobile terminal. 14 .
The method of claim 11, wherein the timer and the time
counter are located at the first mobile terminal. 15.
The method of claim 1, wherein connecting the first
mobile terminal with the second mobile terminal
comprises using a network protocol.16. The method of
claim 15, wherein the network protocol is a wireless
network protocol. 17. A method of providing shared
applications for mobile terminals, the method
comprising: configuring an application for execution
on a first mobile terminal; initiating execution of
the application at the first mobile terminal;
connecting the first mobile terminal with a second
mobile terminal; sending a view of the executing
application from the first mobile terminal to the
second mobile terminal; and receiving the view of the
executing application from the first mobile terminal
at the second mobile terminal. 18. The method of claim
17, further comprising: initiating execution of a
controlled application at the second mobile terminal;
displaying the view of the executing application
received from the first mobile terminal at the second
mobile terminal; creating control information from the
executing controlled application at the second mobile
terminal; sending control information for the
executing controlled application from the second
mobile terminal to the first mobile terminal;
receiving control information for the executing
controlled application from the second mobile terminal
at the first mobile terminal; and responding to the
control information at the first mobile terminal. 19.
The method of claim 18, wherein responding t o the
control information comprises: interpreting the
control information at the first mobile terminal;
updating the view of the executing application at the
first mobile terminal with the interpreted control
information;sending the updated view of the executing
application from the first mobile terminal to the
second mobile terminal; and receiving the updated view
of the executing application from the first mobile
terminal at the second mobile terminal. 20. The method
of claim 17, wherein connecting the first mobile
terminal with the second mobile terminal comprises
using a network protocol. 2 1. The method of claim 20,
wherein the network protocol is a wireless network
protocol. 22. A computer program product for providing
shared applications for mobile terminals comprising: 



computer code configured to: connect a first mobile
terminal to a second mobile terminal; transfer a
second version of the computer code to the second
mobile terminal using the connection; and limit an
execution of the second version of the computer code.
23. A computer program product for providing shared
applications for mobile terminals comprising: computer
code configured to: connect a first mobile terminal to
a second mobile terminal; create a view of the
application executing at the first mobile terminal;
send the view created from the first mobile terminal
to the second mobile terminal; receive control
information from the second mobile terminal; and
respond to the control information received from the
second mobile terminal. 24. The computer program
product of claim 23, wherein the computer code is
further configured to:interpret the control
information received from the second mobile terminal;
update the view of the application executing at the
first mobile terminal with the interpreted control
information; and send the updated view from the first
mobile terminal to the second mobile terminal. 25. A
computer program product for providing shared
applications for mobile terminals comprising: computer
code configured to: connect a first mobile terminal to
a second mobile terminal; receive a view of an
application executing at the first mobile terminal;
display the view of the executing application received
from the first mobile terminal; create control
information for the executing application at the first
mobile terminal; and send the control information to
the first mobile terminal. 26. A system for providing
shared applications for mobile terminals, the system
comprising: a first mobile terminal executing an
application; and a second mobile terminal wherein the
first mobile terminal connects to the second mobile
terminal, transfers a second version of the
application t o the second mobile terminal, and limits
an execution of the second version of the application.
27. A system for providing shared applications for
mobile terminals, the system comprising: a first
mobile terminal executing an application that creates
a view; anda second mobile terminal wherein the first
mobile terminal connects to the second mobile terminal
and sends the view of the application to the second
mobile terminal, and further wherein the second mobile
terminal receives the view of the application and
sends control information for the application to the
first mobile terminal. 28. A system according to claim
27 further comprising a server wherein the first
mobile terminal connects to the second mobile terminal
through the server. j 29. A device configured to
provide shared applications for mobile terminals
operating in a communication network, the device
comprising: a communication interface that connects
the device to a second device; and a processor coupled
t o the communication interface that executes an
application, wherein the communication interface
transfers a second version of the application to the
second device, and the processor limits an execution
of the second version of the application. 30. A device
configured t o provide shared applications for mobile
terminals operating in a communication network, the
device comprising: a communication interface that
connects the device to a second device; and a
processor coupled to the communication interface that
executes an application, wherein the communication
interface transfers a view of the application to the
second device and receives control information for the
application from the second device, and the processor
responds to the control information received from the
second device. 


