
AZETIDINE DERIVATIVES AND THEIR USE AS PROSTAGLANDIN
E2 ANTAGONISTS This present invention relates to a
certain class of azetidine compounds, and their
pharmaceutically acceptable salts, solvates and
prodrugs thereof, to their use in medicine, to
compositions containing them, to processes for their
preparation and to intermediates used in such
processes. The compounds are preferably antagonists at
the prostaglandin E2 (PGE2) receptor-2 (also known as
the EP2 receptor). More preferably the compounds are
EP2 antagonists with selectivity over DP1
(prostaglandin D 1 receptor) and/or EP4 (prostaglandin
E (PGE4) receptor-4). Most preferably the compounds
are EP2 antagonists with selectivity over DP1 and EP4.
In particular the present invention relates to a class
of azetidine compounds which should be useful for the
treatment of EP2-mediated conditions, such as
endometriosis, uterine fibroids (leiomyomata),
menorrhagia, adenomyosis, primary and secondary
dysmenorrhoea (including symptoms of dyspareunia,
dyschexia and chronic pelvic pain), chronic pelvic
pain syndrome. Endometriosis is a common
gynaecological disease that affects 10-20% women of
reproductive age and manifests itself in the presence
of functional ectopic endometrial glands and stroma at
locations outside the uterine cavity (reviewed in
(Prentice 2001)). Patients with endometriosis may
present with many different symptoms and severity.
Most commonly this is dysmenorrhoea, but chronic
pelvic pain, dyspareunia, dyschezia, menorrhagia,
lower abdominal or back pain, infertility, bloating
and pain on micturition are also part of the
constellation of symptoms of endometriosis. Originally
described by Von Rokitansky in 1860 (Von .Rokitansky
1860), the exact pathogenesis of endometriosis is
unclear (Witz 1999; Witz 2002), but the most widely
accepted theory is the implantation, or Sampson,
theory (Sampson 1927). The Sampson theory postulates
that the development of endometriosis is a consequence
of retrograde dissemination and implantation of
endometrial tissue into the peritoneal cavity during
menstruation. Following attachment, the fragments of
endometrium recruit a vascular supply and undergo
cycles of proliferation and shedding under local and
systemic hormonal controls. In women with patent
fallopian tubes, retrograde menstruation appears to be
a universal phenomenon (Liu & Hitchcock 1986).
Thedisease often manifests itself as rectovaginal
endometriosis or adenomyosis, ovarian cystic
endometriomas and, most commonly, peritoneal
endometriosis. The major sites of attachment and
lesion growth within the pelvis are the ovaries, broad
and round ligaments, fallopian tubes, cervix, vagina,
peritoneum and the pouch of Douglas. At its most
severe, endometriosis can cause profound structural
modification to peritoneal cavity, including
multiorgan adhesions and fibrosis. Symptomatic
endometriosis can be managed medically and surgically,
where the intention is to remove the ectopic lesion
tissue. Surgical intervention can be either
conservative, aiming to preserve the reproductive
potential of the patient, or comparatively radical for
severe disease, involving dissection of the urinary
tract, bowel, and rectovaginal septum, or total
abdominal hysterectomy and bilateral
salpingo-oopherectomy. Medical pharmacological
treatments such as the androgenic therapies, danazol
and gestrinone, the constellation of GnRH agonists,
buserelin, goserelin, leuprolide, nafarelin and
triptorelin, GnRH antagonists, cetrorelix and
abarelix, as well as the progestogens, including
medroxyprogesterone acetate, induce lesion atrophy by
suppressing the production of estrogen. These
approaches are not without unwanted side effects;
danazol and gestrinone include weight gain,
hirsuitism, acne, mood changes and metabolic effects
on the cardiovascular system. The group of GnRH
agonists and antagonists are found to cause a profound
suppression of estrogen leading to vasomotor effects
(hot flashes) and depletion of bone mineral density,
which restricts their use to only six months of
therapy. Uterine leiomyomas (Walker 2002; Flake, et
a/. 2003), or fibroids, are the most common benign
tumours found in women and occur in the majority of
women by the time they reach the menopause. Although
uterine fibroids are the most frequent indication for
hysterectomy in the United States, as with
endometriosis, remarkably little is known about the
underlying pathophysiology of the disease. As with
endometriotic lesions, the presence of enlarged
uterine fibroids is associated with abnormal uterine
bleeding, dysmenorrhoea, pelvic pain and infertility.
Outside of surgical management, medical treatments
commonly used for endometriosis, such as GnRH
analogues or danazol, have been shown to suppress
fibroid growth by inducing a reversible hypoestrogenic
state (Chrisp & Goa 1990; Chrisp & Goa 1991; De Leo,
et a/. 2002; lshihara, et a/. 2003).However, the
future disease management of both uterine fibroids and
endometriosis will rely on the development of more
effective, well-tolerated and safer agents than those
that are currently available. There are long term
deleterious effects (principally altered sexual
function, decreases in bone mineral density as well as
increased risk of cardiovascular and thrombotic
complications) of existing agents that completely
suppress ovarian function and lead to decreases in
bone mineral density, there is a motivation for
developing non-hormonal mechanisms or approaches which
modify the disease specifically at the level of the
ectopic disease. One of these includes approaches
includes agents which modify the cyclooxygenase-2
(COX-2) dependent PGE2 signalling pathway (Boice &
Rohrer 2005). PGE2 mediates its effects through G
protein-coupled receptors EP1, EP2, EP3 and EP4. Both
the differential expression of EP receptors as well as
their intracellular coupling pathways mediates the
diverse biological functions of PGE2 in different cell
types (Narumiya, ef al. 1999; Tilley, ef al. 2001).
The EP2 and EP4 receptors specifically couple to G
proteins which activate adenylate cyclase and lead to
the production of cAMP. In the uterine endometrium,
COX-2 expression increases on glandular epithelium in
the proliferative phase and is accompanied by an
increase in EP2 and EP4 receptor expression (reviewed
by (Sales & Jabbour 2003; Jabbour, et al. 2006)). In
pathological conditions of the endometrium, such as
endometrial adenocarcinoma, adenomyosis and
endometriosis, this pathway appears to be up regulated
(Jabbour, ef al. 2001; Ota, ef al. 2001; Chishima, ef
al. 2002; Jabbour 2003; Matsuzaki, ef al. 2004b;
Buchweitz, ef a/. 2006). COX-2 plays an important role
in ovulation, implantation, decidualisation and
parturition (Sales & Jabbour 2003). Mice in which the
EP2 receptor is deleted by homologous recombination
have defects in embryo implantation and fertility
(Hizaki, ef al. 1999; Kennedy, ef al. 1999; Tilley, ef
al. 1999), supporting the notion that COX-2 derived
PGE2 mediates effects on the uterine endometrium in
part through the EP2 receptor. The expression of COX-2
is known to be greatly up regulated at ectopic sites
of disease, in contrast to that on normal eutopic
endometrium (Ota, ef al. 2001 ; Chishima, ef al. 2002;
Matsuzaki, ef al. 2004b; Buchweitz, ef al. 2006) and
PGE2 induces the proliferation of endometrial
epithelial cells in culture (Jabbour & Boddy 2003). In
pre-clinical disease models of endometriosis,
treatment with COX-2 selective agents, leads to the
decrease in disease burden (Dogan, ef al. 2004;
Matsuzaki, ef al. 2004a; Ozawa, ef al. 2006; Laschke,
ef al. 2007). There is also one published clinical
study (Cobellis, ef al. 2004) which indicates that
treatment of patientswith endometriosis with rofecoxib
for 6 months leads to improvements in pain symptoms
and outcomes compared with placebo. The aberrant
expression of COX-2 in patients with endometriosis
appears to have a number of consequences (Sales &
Jabbour 2003). Firstly, PGE2 appears to augment the
expression and activity of aromatase on ectopic
endometrial stromal cells (Noble, et al. 1997; Zeitoun
& Bulun 1999). It could be speculated that ectopic
generation of aromatase by the lesion would lead to
increased local estrogen production, driving lesion
growth independently of ovarian control and the normal
estrous cycle. That the effects of PGE2 on aromatase
expression in vitro can be mimicked by the selective
EP2 receptor agonist, butaprost (Zeitoun & Bulun
1999), supports the notion that compounds of the
present invention would have utility in the treatment
of growth disorders which are driven ectopic aromatase
expression, such as endometriosis, adenomyomas,
uterine fibroids as well as uterine and breast
carcinoma. There are other possible mechanisms by
which a selective EP2 antagonist might inhibit cell
growth. The observed effects of COX-2 inhibitors, such
as celecoxib, in 



preventing intestinal polyp formation (Arber, et al.
2006) and the protection from adenoma formation in a
mouse model ( 716APC mouse) of familial adenomatous
polyposis complex by deletion of COX-2 (Oshima, et al.
1996; Oshima, et al. 2001), implies that the PGE2
pathway also has a key role in promoting carcinoma
growth. That polyp and adenoma formation in the 716APC
mouse model can also be inhibited by crossing these by
additional germline deletion of the EP2 receptor, is
consistent with the view that PGE2 mediates effects on
cell differentiation and growth through the EP2
receptor (Sonoshita, et al. 2001 ; Seno, et al. 2002).
Furthermore, the emerging knowledge of the downstream
signalling pathway from the EP2 receptor is consistent
with EP2 playing a key role in early G1 events in cell
cycle control, such as the regulation of b-catenin
(Castellone, ef al. 2005; Castellone, et al. 2006) and
MAP kinase pathways (Jabbour & Boddy 2003).
Angiogenesis, the sprouting of capillaries from
pre-existing vasculature, occurs during embryo
development, wound repair and tumour growth. The
increased COX-2 expression and vascular densities
which accompany the development of adenomas inthe
D7l6APC mouse, are also consistently observed in
clinical specimens and pre clinical models of
endometriosis and malignant conditions of, including
but not limited to, ovarian, dermal, prostate,
gastric, colorectal and breast cancer (Subbaramaiah,
ef a/. 2002; Hull, ef al. 2003; Kamiyama, ef a/.
2006). The involvement of the COX-2 5 pathway in this
process has been supported by a number of observations
(Liu, ef a/. 2001 ; Leahy, ef a/. 2002; Chang, ef a/.
2004; Ozawa, ef a/. 2006). The peritoneal fluid of
women with endometriosis appears to display greater
angiogenic activity than women without endometriosis
(Gazvani & Templeton 2002; Bourlev, ef a/. 2006) and
PGE2 has been shown to promote the transcription of
angiogenic factors such as 10 VEGF and angiopoietins
(reviewed in (Gately & Li 2004)). Recent data that
indicate the specific contribution of EP2 receptors in
the stimulation of endothelial cell growth and
migration (Kamiyama, ef a/. 2006) as well as response
to hypoxia (Critchley, ef a/. 2006), is consistent
with and supports the notion that compounds of the
present invention would have utility in the treatment
of angiogenic disorders including, but not 15 limited
to, endometriosis, adenomyosis, leiomyoma,
menorrhagia, macular degeneration, rheumatoid
arthritis and cancer. Both uterine nerve ablation and
pre-sacral neurectomy surgical techniques are used to
manage the painful symptoms of primary and secondary
dysmenorrhoea (Proctor, ef a/. 20 2005). As PGE2 is
generated from PGH2 by the action of COX-1 and COX-2
on arachadonic acid, elevated PGE2 would have direct,
pain-sensitizing effects on sensory afferent fibres
that innervate the peritoneum and ectopic lesions
(Tulandi, ef \ al. 2001; Al-Fozan, ef a/. 2004;
Berkley, ef a/. 2004;, Quinn & Armstrong 2004;
Tokushige, ef al. 2006a; Tokushige, ef a/. 2006b).
That elevated COX-2 expression 25 correlates with
non-menstrual chronic pelvic pain (Buchweitz, ef al.
2006) is consistent with this notion. A number of
lines of evidence from studies in mouse models suggest
that one of the modes of action of PGE2 on pain and
nociception is mediated by the EP2 receptor (Ahmadi,
ef al. 2002; Reinold, ef al. 2005; Hosl, ef al. 2006).
As such compounds of the present invention would have
utility in the treatment of pain 30 disorders
including, but not limited to, dysmenorrhoea,
dyschezia, dyspareunia, irritable bowel syndrome,
endometriosis, adenomyosis, leiomyomata, CPP,
interstitial cystitis, inflammatory and neuropathic
pain conditions.During the development of
endometriosis activated inflammatory cells appear to
be recruited into the peritoneal cavity. Peritoneal
macrophages from women with endometriosis release more
PGE2 than those without endometriosis (Karck, et al.
1996; Wu, et al. 2005). One of the effects of elevated
levels PGE2 on peritoneal macrophages is to inhibit
MMP-9 expression and thereby attenuate macrophage
phagocytic function (Wu, ef al. 2005), leading to the
prolonged accumulation of endometrial tissue in the
peritoneum. As such by restoring macrophage function,
these findings give further support to the use of
compounds of the present invention in the treatment of
endometriosis and cancer. Known EP2 antagonists
include AH6809, (Pelletier, et al. 2001), but both its
potency and selectivity fall short of being suitable
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compounds of the present invention have been found to
have potentially useful pharmaceutical properties.
Their potential use includes, but is not limited to,
EP2 antagonist properties, which should be useful in
the treatment of endometriosis, uterine fibroids
(leiomyomata) and menorrhagia, adenomyosis, primary
and secondary dysmenorrhoea (including symptoms of
dyspareunia, dyschexia and chronic pelvic pain),
chronic pelvic pain syndrome, precocious puberty,
cervical ripening, breast carcinoma, colon carcinoma,
familial adenomatous polyposis, colorectal adenomas,
endometrial carcinoma, prostate carcinoma, pulmonary
carcinoma, testicular carcinoma, gastric carcinoma,
macular degeneration, inflammatory and neuropathic
pain conditions, cancer pain. Particularly of interest
are the following diseases or disorders:
endometriosis, uterine fibroids (leiomyomata),
menorrhagia, adenomyosis, primary and secondary
dysmenorrhoea (including symptoms of dyspareunia,
dyschexia and chronic pelvic pain), chronic pelvic
pain syndrome.In particular, the compounds and
derivatives of the present invention exhibit activity
as prostaglandin E2 (PGE2) receptor-2 (EP2)
antagonists and may be useful for treatment where EP2
receptor antagonism is indicated. More particularly,
the compounds and derivatives of the present invention
may be useful for treating endometriosis and/or
uterine fibroids (leiomyomata). The terms "treating",
"treat", or "treatment" as used herein are intended to
embrace both prevention and control i.e.,
prophylactic, and palliative treatment of the
indicated conditions. The present invention provides
for compounds of formula (I): (I) wherein R1 is a
phenyl group (optionally substituted by one or two
substituents independently selected from F, Cl, Br,
CN, C1.4 alky!, C1.4 alkylthio and Ci - alkoxy,
per-fluoro-Ci-6 alkyl and perfluoro-C-i-6 alkoxy), or
a tetrahydropyranyl group; . X represents a direct
link or NH; Z is selected from R2 and R3 are H or C -6
alkyl (optionally substituted by 1 to 3 fluorine
atoms); Ar is an aromatic group consisting of 1, 2 or
3 aromatic rings, which aromatic rings are
independently selected from phenyl and a 5- or 6-
membered heteroaromatic ring containing 1, 2 or 3
heteroatoms independently selected from N, O and S;
and which aromatic rings, if there are 2 or more, can
be fused or linked by one or more covalent bond, and
which aromatic rings are optionally substituted by 1,
2 or 3 substituents independently selected from F, Cl,
CN, OH, Ci -6 alkyl, Ci -6 alkylthio, perfluoro- Ci-6
alkyl, perfluoro-Ci -6 alkylthio, perfluoro-Ci -6
alkoxy, Ci-6 alkoxy, SO2R4, NR5R6, NHSO2R7, SO2NR8R9,
CONR10R11 and NHCOR12;R4, R5, R6, R7, R8, R9, R10, R11
and R12 are each independently H or C1-6 alkyl
(optionally substituted by 1 to 3 fluorine atoms); and
the pharmaceutically acceptable salts, solvates
(including hydrates), and prodrugs thereof. Preferably
R1 is a phenyl group (optionally substituted by one or
two substituents independently selected from F, Cl, Ci
- alkyl, Ci - alkylthio and Ci -4 alkoxy) or a
tetrahydropyranyl group. More preferably R1 is a
phenyl group (optionally substituted by F, Cl, methoxy
or ethoxy) or a tetrahydropyranyl group. Yet more
preferably R1 is 4-chlorophenyl, 4-fluorophenyl,
phenyl, 3-chlorophenyl, 2-ethoxyphenyl, 2-
methoxyphenyl, 3-methoxyphenyl, 3-ethoxyphenyl,
4-methoxyphenyl or 4- ethoxyphenyl. Yet more
preferably R1 is 4-chlorophenyl or 4-fluorophenyl.
Most preferably R1 is 4-fluorophenyl. In an
alternative embodiment R1 is selected from the values
associated with the Examples below. Preferably X
represents a direct link. Preferably Z is O -  More
preferably Z is CO2H. Preferably Ar is a biphenyl,
pyridinylphenyl, or naphthyl group, optionally
substituted by 1, 2 or 3 substituents independently
selected from F, Cl, CN, OH, Ci- alkyl, Ci -6
alkylthio, per-fluoro-Ci- 6 alkyl, perfluoro-Ci-6
alkylthio, perfluoro-Ci- 6 alkoxy, Ci -6 alkoxy,
SO2R4, NR5R6, NHSO2R7, SO2NR8R9, CONR10R1 1 andNHCOR
12. More preferably Ar is a biphenyl, pyridinylphenyl,
or naphthyl group, optionally substituted by 1, 2 or 3
substituents independently selected from F, Cl, CN, Ci
-6 alkyl and Ci -6 alkoxy. Yet more preferably Ar is a
biphenyl, pyridinylphenyl, or naphthyl group,
substituted by F, Cl, CN, methoxy or ethoxy.Further
more preferably Ar is selected from Further yet more
preferably Ar is selected from Further yet more
preferably Ar is selected from Most preferably Ar is
represented by In an alternative embodiment Ar is
selected from the values associated with the Examples
below. A preferred group of compounds, salts, solvates
and prodrugs are those wherein R1, Z and Ar have the
values associated with the compounds of the Examples
below. A more preferred group of compounds, salts,
solvates and prodrugs are the compounds of the
Examples below (especially Examples 2, 5, 6 , 10, 14
and 16; more especially Examples 2 and 14); and their
salts, solvates and prodrugs. Pharmaceutically
acceptable derivatives of the compounds of formula (I)
according to the invention include salts, solvates,
complexes, polymorphs, prodrugs,
stereoisomers,geometric isomers, tautomeric forms, and
isotopic variations of compounds of formula (I).
Preferably, pharmaceutically acceptable derivatives of
compounds of formula (I) comprise salts, solvates,
esters and amides of the compounds of formula (I).
More preferably, pharmaceutically acceptable
derivatives of compounds of formula (I) are salts,
solvates and prodrugs. More preferably,
pharmaceutically acceptable derivatives of compounds
of formula (I) are salts and solvates. 



The pharmaceutically acceptable salts of the compounds
of formula (I) include the acid addition and base
salts thereof. Suitable acid addition salts are formed
from acids which form non-toxic salts. Examples
include the acetate, adipate, aspartate, benzoate,
besylate, bicarbonate/carbonate, bisulphate/sulphate,
borate, camsylate, citrate, cyclamate, edisylate,
esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexaftuorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate,
tannate, tartrate, tosylate, trifluoroacetate and
xinofoate salts. Suitable base salts are formed from
bases that form non-toxic salts. Examples include the
aluminium, arginine, benzathine, calcium, choline,
diethylamine, diolamine, glycine, lysine, magnesium,
meglumine, olamine, potassium, sodium, tromethamine
and zinc salts. Hemi-salts of acids and bases may also
be formed, for example, hemi-sulphate and hemicalcium
salts. For a review on suitable salts, see "Handbook
of Pharmaceutical Salts: Properties, Selection, and
Use" by Stahl and Wermuth (Wiley-VCH, 2002).
Pharmaceutically acceptable salts of compounds of
formula (I) may be prepared by one or more of three
methods:(i) by reacting the compound of formula (I)
with the desired acid or base; (ii) by removing an
acid- or base-labile protecting group from a suitable
precursor of the compound of formula (I) or by
ring-opening a suitable cyclic precursor, for example,
a lactone or lactam, using the desired acid or base;
or (iii) by converting one salt of the compound of
formula (1) to another by reaction with an appropriate
acid or base or by means of a suitable ion exchange
column. All three reactions are typically carried out
in solution. The resulting salt may precipitate out
and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionisation
in the resulting salt may vary from completely ionised
to almost non-ionised. The routes below, including
those mentioned in the Examples and Preparations,
illustrate methods of synthesising the compounds of
formula (I). The skilled person will appreciate that
the compounds of the invention, and intermediates
thereof, could be made by methods other than those
specifically described herein, for example by
adaptation of the described methods or by methods
known in the art. Examples of suitable guides to
synthesis, functional group interconversions, use of
protecting groups, etc., are: "Comprehensive Organic
Transformations" by RC Larock, VCH Publishers Inc.
(1989); Advanced Organic Chemistry" by J. March, Wiley
lnterscience (1985); "Designing Organic Synthesis" by
S Warren, Wiley lnterscience (1978); Organic Synthesis
- The Disconnection Approach" by S Warren, Wiley
lnterscience (1982); "Guidebook to Organic Synthesis"
by RK Mackie and DM Smith, Longman (1982); "Protective
Groups in Organic Synthesis" by TW Greene and PGM
Wuts, John Wiley and Sons, Inc. (1999); and
"Protecting Groups" by PJ, Kocienski, Georg Thieme
Verlag (1994); and any updated versions of said
standard works. In the general synthetic methods
below, unless otherwise specified, the substituents
R1, X, Z and Ar are as defined with reference to the
compounds of formula (I) above. The routes below
illustrate methods of synthesising the compounds of
formula (I). The skilled person will appreciate that
other methods may be equally as viable..Scheme 1
illustrates the preparation of the compounds of
formula (I) via ether formation from intermediates
(II) and (III), where LG in (II) is a suitable leaving
group. If necessary a suitable base (such as potassium
carbonate) and/or additive (such as sodium iodide),
and a suitable solvent can be added. Suitable leaving
groups include Cl, Br, I, mesylate, tosylate, etc.
Scheme 1. Typical conditions that may be employed
involve stirring the azetidine of formula (II) and the
hydroxy-aryl compound of formula (III) together with
potassium carbonate, cesium carbonate or
1,8-diazobicyclo[5.4.0]undec-7-ene (DBU) in dimethyl
sulphoxide (DMSO), dimethylformamide (DMF) or
acetonitrile, at a temperature of from 60C up to the
reflux temperature of the solvent. A suitable
alternative is to use an additive (such as sodium
iodide or tetrabutyl ammonium iodide) as well as a
base. Any suitable high boiling point solvent may be
used in place of those mentioned above. At least one
equivalent of the intermediate hydroxyaryl compound
(III) and at least one equivalent of the base should
be used. An excess of one or both may be used if
desired. When Z represents C(O)O(Ci 6 alkyl) in
intermediate (II) and it is desirable for Z to
represent CO2H in the compound of formula (I), the
hydrolysis can be done in situ, by adding a suitable
base, or water, to the reaction mixture after the
ether formation has taken place. Suitable bases for
this hydrolysis include lithium hydroxide, or sodium
hydroxide. Scheme 2 illustrates the route used for the
preparation of the azetidine intermediates of formula
(II) from protected intermediates of formula (IV),
wherein PG is a suitable Nprotecting group. Any
suitable nitrogen protecting group may be used (as
described in "Protecting Groups in Organic Synthesis"
3rd edition T.W. Greene and P.G. Wuts,
Wiley-lnterscience, 1999). Common nitrogen protecting
groups (PG) suitable for use include
tert-butoxycarbonyl (t-Boc) (which is readily removed
by treatment with an acid such as trifluoroacetic
acid, or hydrogen chloride in an organic solvent, such
asdichloromethane, or 1,4-dioxane), and benzyl (which
is readily removed by hydrogenation in the presence of
a suitable catalyst, or by treatment with
1-chloroethyl chloroformate). deprotection P (IV) (V)
(II) Scheme 2. Compounds of formula (IV) can be made
by methods well-known to those skilled in the art, for
example with reference to literature precedents and/or
the Preparations described herein, or by routine
adaptation thereof. The compound of formula (V) can be
made by removal of the N-protecting group (PG). For
example if PG is a benzyl group, it can be readily
removed by hydrogenation in the presence of a suitable
catalyst, or by treatment with 1-chloroethyl
chloroformate. When X represents a direct link, the
C(O)R1 group may be introduced by acylation of the
intermediate compounds of formula (V) using standard
acylation chemistry, such as with a suitable
(activated) acid (for example an acid chloride R1COCI
or anhydride (R1CO)2q ) to provide the compounds of
formula (II). The acylation is preferably carried out
using the acid chloride with a suitable base, such as
triethylamine, in a solvent, such as dichloromethane,
1,2 dichloroethane or tetrahydrofuran. Acid chlorides
R1COCI are either commercially available or will be
well-known to those skilled in the art with reference
to literature precedents. When X represents -NH-, the
C(O)NHR1 group may be introduced by reaction of the
intermediates of formula (V) with a suitable
isocyanate R1NCO to provide the compounds of formula
(II). The urea formation is preferably carried out
using the isocyanate with a suitable base, such as
triethylamine, in a solvent, such as dichloromethane,
1,2 dichloroethane or tetrahydrofuran. lsocyanates
R1NCO are either commercially available or will be
well-known to those skilled in the art with reference
to literature precedents. When X represents -O-
standard carbamate chemistry may be used to introduce
the C(O)OR1 group. The carbamate formation is
preferably carried out using the appropriate
chlorocarbonate, R1O(CO)CI, and intermediates of
formula (V) with a suitable base, such as sodium
hydrogen carbonate, in a solvent, such
asdichloromethane or 1,2 dichloroethane.
Chlorocarbonates R1O(CO)CI are either 



commercially available or will be well-known to those
skilled in the art with reference to literature
precedents. The reagents and intermediates of formula
(III) are either commercially available or will be
well-known to those skilled in the art with reference
to literature precedents and/or the Preparations
described herein. Scheme 3 illustrates two alternative
routes for the preparation of compounds of formula
(I), where the azetidine nitrogen is protected, and
C(O)XR1 is introduced in the final step, or by
utilising intermediate alcohol (Vl). PG alcohol
acylation with formation e.g. R1COCI Scheme 3. In
Scheme 3, the intermediates of formula (IV) and (III)
are reacted in an etherification reaction, as
previously described in Scheme 1, to provide a
protected intermediate (VIII), from which the nitrogen
protecting group can be removed using standard
deprotection strategies, to furnish an intermediate of
formula (IX). Any suitable nitrogen protecting group
may be used (as described in "Protecting Groups in
Organic Synthesis" 3rd edition T.W. Greene and P.G.
Wuts, Wiley-lnterscience, 1999). Common nitrogen
protecting groups (PG) suitable for use include
tert-butoxycarbonyl (t-Boc) (which is readily removed
by treatment with an acid, such as trifluoroacetic
acid, or hydrogen chloride, in an organic solvent,
such as dichloromethane, or 1,4- dioxane), and benzyl
(which is readily removed by hydrogenation in the
presence of a suitable catalyst, or by treatment with
1-chloroethyl chloroformate).The C(O)XR1 group may be
introduced by acylation of the deprotected
intermediate (IX), as per Scheme 2. This can be done,
preferably, via an acid chloride with a suitable base,
such as triethylamine, in a solvent, such as
dichloromethane, 1,1 dichloroethane, or
tetrahydrofuran. Alternatively, compounds of formula
(I) may be prepared from an alcohol of formula (Vl),
where the Ar group may be introduced by displacement
of a suitable leaving group, for example, from an
aromatic precursor of formula (X) where LG2 is a
suitable leaving group. Suitable leaving groups
include F, Cl, Br and I . The displacement reaction
involves stirring the alcohol (Vl) and a suitable
base, preferably sodium hydride, in a suitable
solvent, preferably dimethyl sulphoxide, then adding
the intermediate (X) and stirring at room temperature.
The intermediates of formula (X) are either
commercially available or will be well-known to those
skilled in the art with reference to literature
precedents. Intermediates of formula (VII) can be made
from intermediates of formula (V) described in Scheme
2, where the azetidine can be protected with a
suitable nitrogen protecting group (PG) as mentioned
above. The preferred protecting groups are t-Boc or
benzyl. Compounds of formula (Vl) can be prepared from
intermediates of formula (Xl), in a similar manner to
the preparation described for intermediates of formula
(II), where deprotection followed by acylation
provides the product. Scheme 4 illustrates a route for
preparation of the alcohol intermediate (Xl) from the
azetidine intermediate of formula (IV), via acetate
(XII). Scheme 4. Intermediates of formula (VII) can be
converted into acetates of formula (XII) by stirring
compounds of formula (VII) with a suitable metal
acetate in order to displace theleaving group (LG).
The preferred method is to use cesium acetate, with
sodium iodide as an additive, in dimethyl sulphoxide,
with heating. Intermediates (XII) can be converted
into alcohols (Xl) by hydrolysis of the acetates,
using a suitable base in a polar organic solvent,
preferably potassium carbonate in ethanol.
Alternatively, compounds of formula (I), having
particular Af groups, may be converted into other
compounds of formula (I). For example: i) Compounds of
formula (Ia), where Ar contains a suitable leaving
group LG3, such as bromo or chloro, can be converted
into compounds of formula (Ib), as shown in Scheme 5,
e.g. by Suzuki coupling with an appropriate
"Ar2-boronic acid" under standard Suzuki coupling
conditions. Scheme 5. ii) Certain compounds of formula
(I) can be converted into certain other compounds of
formula (I) by functional group transformations, for
example by transformation of the "Z" moiety (Scheme 6)
For example, compounds of formula (I), where Z is CO2H
can be converted into acyl sulphonamides (where Z is
CONHSO2R3) , via amides (XIII). The acid is suitably
activated, then ammonia is added in order to provide
an amide (XIII). Activation with ethyl chloroformate
in a suitable solvent, such as dichloromethane, is
preferred. The amide is then stirred with a suitable
base, at a low temperature, then treated with the
appropriate sulphonyl compound R3SO2LG4 (where LG4 is
a suitable leaving group such as Cl) to obtain the
acyl sulphonamide. Preferred conditions are sodium
bis(trimethylsilyl)amide as the base, in
tetrahydrofuran as the preferred solvent.(I) Z = CO2H,
C(O)O(C1-6 alkyl) (XIII) (I) 2 = CONHSO2R3 (I) Z = CN
Scheme 6. Alternatively compounds of formula (I)1where
Z is CN, can be prepared from the same acid using a
suitable coupling reagent and base with ammonium
chloride. Preferred conditions are 1-propyl phosphonic
acid cyclic anhydride as the coupling reagent with
triethylamine in tetrahydrofuran at reflux. According
to a further embodiment the present invention provides
novel intermediate compounds of general formula (II),
(IV), (V), (Vl), (VIII), (IX), (Xl), (XII) and (XIII).
The compounds of the invention may exist in a
continuum of solid states ranging from fully amorphous
to fully crystalline. The term 'amorphous' refers to a
state in which the material lacks long range order at
the molecular level and, depending upon temperature,
may exhibit the physical properties of a solid or a
liquid. Typically such materials do not give
distinctive X-ray diffraction patterns and, while
exhibiting the properties of a solid, are more
formally described as a liquid. Upon heating, a change
from solid to liquid properties occurs which is
characterised by a change of state, typically second
order ('glass transition'). The term 'crystalline'
refers to a solid phase in which the material has a
regular ordered internal structure at the molecular
level and gives a distinctive X-ray diffraction
pattern with defined peaks. Such materials when heated
sufficiently will also exhibit the properties of a
liquid, but the change from solid to liquid is
characterised by a phase change, typically first order
('melting point').The compounds of the invention may
also exist in unsolvated and solvated forms. The term
'solvate' is used herein to describe a molecular
complex comprising the compound of the invention and
one or more pharmaceutically acceptable solvent
molecules, for example, ethanol. The term 'hydrate' is
employed when said solvent is water. A currently
accepted classification system for organic hydrates is
one that defines isolated site, channel, or metal-ion
coordinated hydrates - see "Polymorphism in
Pharmaceutical Solids" by K. R. Morris (Ed. H. G.
Brittain, Marcel Dekker, 1995). Isolated site hydrates
are ones in which the water molecules are isolated
from direct contact with each other by intervening
organic molecules. In channel hydrates, the water
molecules lie in lattice channels where they are next
to other water molecules. In metal-ion coordinated
hydrates, the water molecules are bonded to the metal
ion. When the solvent or water is tightly bound, the
complex will have a well-defined stoichiometry
independent of humidity. When, however, the solvent or
water is weakly bound, as in channel solvates and
hygroscopic compounds, the water/solvent content will
be dependent on humidity and drying conditions. In
such cases, non-stoichiometry will be the norm. Also
included within the scope of the invention are
multi-component complexes (other than salts and
solvates) wherein the drug and at least one other
component are present in stoichiometric or
non-stoichiometric amounts. Complexes of this type 



include clathrates (drug-host inclusion complexes) and
co-crystals. The latter are typically defined as
crystalline complexes of neutral molecular
constituents which are bound together through
non-covalent interactions, but could also be a complex
of a neutral molecule with a salt. Co-crystals may be
prepared by melt crystallisation, by recrystallisation
from solvents, or by physically grinding the
components together - see Chem Commun, 17, 1889-1896,
by O. Almarsson and M. J. Zaworotko (2004). For a
general review of multi-component complexes, see J
Pharm Sci, 64 (8), 1269-1288, by Haleblian (August
1975). The compounds of the invention may also exist
in a mesomorphic state (mesophase or liquid crystal)
when subjected to suitable conditions. The mesomorphic
state isintermediate between the true crystalline
state and the true liquid state (either melt or
solution). Mesomorphism arising as the result of a
change in temperature is described as 'thermotropic'
and that resulting from the addition of a second
component, such as water or another solvent, is
described as 'lyotropic'. Compounds that have the
potential to form lyotropic mesophases are described
as 'amphiphilic' and -consist of molecules which
possess an ionic (such as -COO Na+, -COO K+, or -Sq
3Na+) or nonionic (such as -N N+(CH3)3) polar head
group. For more information, see Crystals and the
Polarizing Microscope by N. H. Hartshorne and A.
Stuart, 4th Edition (Edward Arnold, 1970). Hereinafter
all references to compounds of formula (I) include
references to salts, solvates, multi-component
complexes and liquid crystals thereof and to solvates,
multicomponent complexes and liquid crystals of salts
thereof. As indicated above, so-called 'prodrugs' of
the compounds of formula (I) are also within the scope
of the invention. Thus certain derivatives of
compounds of formula (I), which may have little or no
pharmacological activity themselves, can be converted
into compounds of formula (I) having the desired
activity, for example by hydrolytic cleavage, when
administered into, or onto, the body. Such derivatives
are referred to as 'prodrugs'. Further information on
the use of prodrugs may be found in "Pro-drugs as
Novel Delivery Systems", Vol. 14, ACS Symposium Series
(T. Higuchi and W. Stella) and "Bioreversible Carriers
in Drug Design", Pergamon Press, 1987 (Ed. E. B.
Roche, American Pharmaceutical Association). Prodrugs
in accordance with the invention can be produced by
replacing appropriate functionalities present in the
compounds of formula (I) with certain moieties known
to those skilled in the art as 'pro-moieties' as
described, for example, in "Design of Prodrugs" by H.
Bundgaard (Elsevier, 1985). Some examples of prodrugs
in accordance with the invention include (i) where the
compound of formula (I) contains an alcohol
functionality (-OH), an ether thereof, for example, a
compound wherein the hydrogen of the
alcoholfunctionality of the compound of formula (I) is
replaced by (Cr C6)alkanoyloxymethyl; and (ii) where
the compound of formula (I) contains a primary or
secondary amino functionality (-NH2 or -NHR where R
H), an amide thereof, for example, a compound wherein,
as the case may be, one or both hydrogens of the amino
functionality of the compound of formula (I) is/are
replaced by (CrC,o)alkanoyl. Further examples of
replacement groups in accordance with the foregoing
examples and examples of other prodrug types may be
found in the aforementioned references. Moreover,
certain compounds of formula (I) may themselves act as
prodrugs of other compounds of formula (I). Also
included within the scope of the invention are
metabolites of compounds of formula (I), that is,
compounds formed in vivo upon administration of the
drug. Thus within the scope of the invention are
envisaged the metabolites of the compounds of formula
(1) when formed in vivo. Compounds of formula (I)
containing one or more asymmetric carbon atoms can
exist as two or more stereoisomers. Where a compound
of formula (I) contains an alkenyl or alkenylene
group, geometric cis/trans (or Z/E) isomers are
possible. Where structural isomers are
interconvertible via a low energy barrier, tautomeric
isomerism ('tautomerism') can occur. This can take the
form of proton tautomerism in compounds of formula (I)
containing, for example, an imino, keto, or oxime
group, or so-called valence tautomerism in compounds
which contain an aromatic moiety. It follows that a
single compound may exhibit more than one type of
isomerism. Included within the scope of the present
invention are all stereoisomers, geometric isomers and
tautomeric forms of the compounds of formula (I),
including compounds exhibiting more than one type of
isomerism, and mixtures of one or more thereof. Also
included are acid addition or base salts wherein the
counter ion is optically active, for example,
c/-lactate or /-lysine, or racemic, for example,
c//-tartrate or d/-arginine.Cisltrans isomers may be
separated by conventional techniques well known to
those skilled in the art, for example, chromatography
and fractional crystallisation. Conventional
techniques for the preparation/isolation of individual
enantiomers include chiral synthesis from a suitable
optically pure precursor or resolution of the racemate
(or the racemate of a salt or derivative) using, for
example, chiral high pressure liquid chromatography
(HPLC). Alternatively, the racemate (or a racemic
precursor) may be reacted with a suitable optically
active compound, for example, an alcohol, or, in the
case where the compound of formula (I) contains an
acidic or basic moiety, a base or acid such as 1-
phenylethylamine or tartaric acid. The resulting
diastereomeric mixture may be separated by
chromatography and/or fractional crystallization, and
one or both of the diastereoisomers converted to the
corresponding pure enantiomer(s) by means well known
to a skilled person. Chiral compounds of the invention
(and chiral precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% by volume of
isopropanol, typically from 2% to 20%, and from 0 to
5% by volume of an alkylamine, typically 0.1%
diethylamine. Concentration of the eluate affords the
enriched mixture. When any racemate crystallises,
crystals of two different types are possible. The
first type is the racemic compound (true racemate)
referred to above wherein one homogeneous form of
crystal is produced containing both enantiomers in
equimolar amounts. The second type is the racemic
mixture or conglomerate wherein two forms of crystal
are produced in equimolar amounts each comprising a
single enantiomer. While both of the crystal forms
present in a racemic mixture have identical physical
properties, they may have different physical
properties compared to the true racemate. Racemic
mixtures may be separated by conventional techniques
known to those skilled in the art - see, for example,
"Stereochemistry of Organic Compounds" by E. L. Eliel
and S. H. Wilen (Wiley, 1994).The present invention
includes all pharmaceutically acceptable
isotopically-labelled compounds of formula (I) wherein
one or more atoms are replaced by atoms having the
same atomic number, but an atomic mass or mass number
different from the atomic mass or mass number which
predominates in nature. Examples of isotopes suitable
for inclusion in the compounds of the invention
include isotopes of hydrogen, such as 2H and 3H,
carbon, such as 11C, 13C and 14C, chlorine, such as 3
CI, fluorine, such as 18F, iodine, such as 123I and
125 I, nitrogen, such as 13N and 15N, oxygen, such as
15O, 17O and 18O, phosphorus, such as 32P, and
sulphur, such as 35S. Certain isotopically-labelled
compounds of formula (I), for example, those
incorporating a radioactive isotope, are useful in
drug and/or substrate tissue distribution studies. The
radioactive isotopes tritium, i.e. 3H, and carbon-14,
i.e. 14C, are particularly useful for this purpose in
view of their ease of incorporation and ready means of
detection. Substitution with heavier isotopes such as
deuterium, i.e. 2H, may 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. 



Substitution with positron emitting isotopes, such as
1 1C, 18F, 15O and 13N, can be useful in Positron
Emission Topography (PET) studies for examining
substrate receptor occupancy. Isotopically-labelled
compounds of formula (I) can generally be prepared by
conventional techniques known to those skilled in the
art or by processes analogous to those described in
the accompanying Examples and Preparations using an
appropriate isotopically-labelled reagent in place of
the non-labelled reagent previously employed.
Pharmaceutically acceptable solvates in accordance
with the invention include those wherein the solvent
of crystallization may be isotopically substituted,
e.g. D2O, d6- acetone, d6-DMSO.The compounds of
formula (I) should be assessed for their
biopharmaceutical properties, such as solubility and
solution stability (across pH), permeability, efc, in
order to select the most appropriate dosage form and
route of administration for treatment of the proposed
indication. Compounds of the invention intended for
pharmaceutical use may be administered as crystalline
or amorphous products. They may be obtained, for
example, as solid plugs, powders, or films by methods
such as precipitation, crystallization, freeze drying,
spray drying, or evaporative drying. Microwave or
radio frequency drying may be used for this purpose.
The compounds of the invention may be administered
alone or in combination with one or more other
compounds of the invention or in combination with one
or more other drugs (or as any combination thereof).
The compounds of the present invention may be
administered in combination with PDE5 inhibitors. Thus
in a further aspect of the invention, there is.
provided a pharmaceutical product containing an EP2
antagonist and one or more PDEV inhibitors as a
combined preparation for simultaneous, separate or
sequential use in the treatment of endometriosis. PDEV
inhibitors useful for combining with compounds of the
present invention include, but are not limited to: (i
) Preferably
5-[2-ethoxy-5-(4-methyl-1-piperazinylsulphonyl)phenyl]
-1-methyl-3-
n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one
(sildenafil, e.g. as sold as Viagra(r)) also known as
1-[[3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-
1H-pyrazolo[4,3-d]pyrimidin-5-yl)-4-ethoxyphenyl]
sulphonyl]-4-methyl piperazine (see EP-A-0463756);
5-(2-ethoxy-5-morpholinoacetylphenyl)-1 -
methyl-3-n-propyl-1
,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (see
EP-A- 0526004);
3-ethyl-5-[5-(4-ethylpiperazin-1-ylsulphonyl)-2-n-prop
oxy phenyl]-2-
(pyridin-2-yl)methyl-2,6-dihydro-7H-pyrazolo[4,3-d]pyr
imidin-7-one (see WO 98/491 66);
3-ethyl-5-[5-(4-ethylpiperazin-1-ylsulphonyl)-2-(2-
methoxyethoxy)pyridin-3-yl]-2-(pyridin-2-yl)methyl-2,6
-dihydro-7H-pyrazolo [4,3-d]pyrimidin-7-one(see
WO99/54333);
(+)-3-ethyl-5-[5-(4-ethylpiperazin-1-ylsulphonyl)-2-(2
-methoxy-1(R)-methylethoxy)
pyridin-3-yl]-2-methyl-2,6-
dihydro-7H-pyrazolo[4,3-d]pyrimidin -7-one, also known
as 3-ethyl-5-{5-[4- ethylpiperazin-1
-ylsulphonyl]-2-([(1 R)-2-methoxy-1
-methylethyl]oxy)pyridin-3-
yl}-2-methyl-2,6-dihydro-7H-pyrazolo[4,3-d]
pyrimidin-7-one (see W099/54333);
5-[2-ethoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-
3-yl]-3- ethyl-2-[2-methoxy
ethyl]-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one,
also known as
1-{6-ethoxy-5-[3-ethyl-6,7-dihydro-2-(2-methoxyethyl)-
7-oxo-2Hpyrazolo[
4,3-d]pyrimidin-5-yl]-3-pyridylsulphonyl}-4-ethylpiper
azine (see WO 01/27113, Example 8);
5-[2-/so-Butoxy-5-(4-ethylpiperazin-1-
ylsulphonyl)pyridin-3-yl]-3-ethyl-2-(1-methylpiperidin
-4-yl)-2,6-dihydro-7Hpyrazolo[ 4,3-d]
pyrimidin-7-one(see WO 01/27113, Example 15);
5-[2-Ethoxy-
5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-3-yl]-3-ethy
l-2-phenyl-2,6-dihydro-
7H-pyrazolo[4,3-d]pyrimidin-7-one (see WO 01/27113,
Example 66);5-(5-
Acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-isopropyl-3
-azetidinyl)-2,6-dihydro-
7H-pyrazolo[4,3-cOpyrimidin-7-one (see WO 01/271 12,
Example 124); 5-(5-
Acetyl-2-butoxy-3-pyridinyl)-3-ethyl-2-(1-ethyl-3-azet
idinyl)-2,6-dihydro-7Hpyrazolo[ 4,3-d]pyrimidin-7-one
(see WO 01/27112, Example 132); (6R, 12aR)-2,3,6,7,
12,1
2a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)
pyrazino[2',1':6,1]pyrido[3,4-b]indole-1,4-dione
(tadalafil, IC-351, Cialis(r)) , i.e. the compound of
examples 78 and 95 of published international
application WO95/1 9978, as well as the compound of
examples 1, 3, 7 and 8; 2-[2-
ethoxy-5-(4-ethyl-piperazin-1-yl-1-sulphonyl)-phenyl]-
5-methyl-7-propyl-3Himidazo[
5,1-f][1,2,4]triazin-4-one (vardenafil, LEVITRA (r))
also known as 1-
[[3-(3,4-dihydro-5-methyl-4-oxo-7-propylimidazo[5,1-f]
-as-triazin-2-yl)-4-
ethoxyphenyl]sulphonyl]-4-ethylpiperazine, i.e. the
compound of examples 20, 19, 337 and 336 of published
international application WO99/24433;the compound of
example 1 1 of published international application
WO93/07124 (EISAI); compounds 3 and 14 from Rotella D
P, J. Med. Chem., 2000, 43, 1257;
4-(4-chlorobenzyl)amino-6,7,8-trimethoxyquinazoline;
N-[[3-(4,7- dihydro-1 -methyl-7-oxo-3-propyl-1
H-pyrazolo[4,3-d]-pyrimidin-5-yl)-4-
propxyphenyl]sulfonyl]-1-methyl-2-pyrrolidine
propanamide ["DA-81 59" (Example 68 of WOOO/27848)];
and 7,8-dihydro-8-oxo-6-[2-propoxyphenyl]-
1H-imidazo[4,5-g']quinazoline and
1-[3-[1-[(4-fluorophenyl) methyl]-7,8-
dihydro-8-oxo-1W-imidazot4,5-g]quinazolin-6-yl]-4-prop
oxyphenyl]carboxamide;
4-[(3-chloro-4-methoxybenzyl)amino]-2-[(2S)-2-
(hydroxymethyl)pyrrolidin-1-yl]-N-(pyrimidin-2-ylmethy
l) pyrimidine-5- carboxamide (TA-1790);
3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1 Hpyrazolo[
4,3-d]pyrimidin-5-yl)-N-[2-(1-methylpyrrolidin-2-yl)et
hyl]-4- propoxybenzene sulfonamide (DA 8159) and
pharmaceutically acceptable salts thereof. (i i )
4-bromo-5-(pyridylmethylamino)-6-[3-(4-chlorophenyl)-p
ropoxy]- 3(2H)pyridazinone;
1-[4-[(1,3-benzodioxol-5-ylmethyl)amiono]-6-chloro-2-
quinozolinyl]-4-piperidine-carboxylic acid,
mono-sodium salt; (+)-cis-
5,6a,7,9,9,9a-hexahydro-2-[4-(trifluoromethyl)-phenylm
ethyl-5-methylcyclopent-
4,5]imidazo[2,1-b]purin-4(3H)one; furazlocillin;
cis-2-hexyl-5- methyl-3,4,5,6a,7,8, 9,9a-
octahydrocyclopent[4,5]-imidazo[2,1-b]purin-4-one;
3-acetyl-1-(2-chlorobenzyl)-2-propyl indole-6-
carboxylate; 3-acetyl-1-(2-
chlorobenzyl)-2-propylindole-6-carboxylate;
4-bromo-5-(3-
pyridylmethylamino)-6-(3-(4-chlorophenyl) propoxy)-3-
(2H)pyridazinone; Imethyl-
5(5-morpholinoacetyl-2-n-propoxyphenyl)-3-n-propyl-1,6
-dihydro- 7Hpyrazolo( 4,3-d)pyrimidin-7-one;
1-[4-[(1,3-benzodioxol-5-ylmethyl)amino]-6- chloro-2-
quinazolinyl]-4-piperidinecarboxylic acid, monosodium
salt; Pharmaprojects No. 4516 (Glaxo Wellcome);
Pharmaprojects No. 5051 (Bayer); Pharmaprojects No.
5064 (Kyowa Hakko; see WO 96/26940); Pharmaprojects
No. 5069 (Schering Plough); GF-1 96960 (Glaxo
Wellcome); E-8010 and E-4010 (Eisai); Bay-38-3045 &
38-9456 (Bayer); FR229934 and FR226807 (Fujisawa); and
Sch-51866. Preferably the PDEV inhibitor is selected
from sildenafil, tadalafil, vardenafil, DA-8159 and
5-[2-ethoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-
3-ylj-3-ethyl-2-[2-methoxy
ethyl]-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one.
Most preferably the PDE5 inhibitor is sildenafil and
pharmaceutically acceptable salts thereof. Sildenafil
citrate is a preferred salt. The compounds of the
present invention may be administered in combination
with a Via antagonist. Thus, in a further aspect of
the invention, there is provided a pharmaceutical
product containing an EP2 receptor antagonist and one
or more Viaantagonists as a combined preparation for
simultaneous, separate or sequential use in the
treatment of endometriosis. A suitable vasopressin Via
receptor antagonist is, for example,
(4-[4-Benzyl-5-(4-
methoxy-piperidin-1-ylmethyl)-4H-[1,2,4]triazol-3-yl]-
3,4,5,6-tetrahydro-2H- [1,2']bipyridinyl), which is
Example 26 in WO 2004/37809. A further example of a
suitable vasopressin Via receptor antagonist is
8-chloro-5-Methyl-1-(3,4,5,6- tetrahydro-2H-[1
,2']bipyridinyl-4-yl)-5,6-dihydro-4H-2,3,5,10b-tetraaz
obenzo[ 



e]azulene, or a pharmaceutically acceptable salt or
solvate thereof, which is Example 5 in WO 04/074291 .
Further examples of vasopressin Via receptor
antagonists for use with the invention are: SR49049
(Relcovaptan), atosiban (Tractocile(r)) , conivap'tan
(YM-087), VPA-985, CL-385004, Vasotocin and OPC21268.
Additionally, the Via receptor antagonists described
in WO 01/58880 are suitable for use in the invention.
The compounds of the present invention may be
administered in combination with an agent which lowers
estrogen levels, or which antagonises the estrogen
receptor. Thus, in a further aspect of the invention,
there is provided a pharmaceutical product containing
a progesterone receptor antagonist and one or more
agents which lower estrogen levels, or antagonise the
estrogen receptor, as a combined preparation for
simultaneous, separate or sequential use in the
treatment of endometriosis. Agents which lower
estrogen levels include gonadotropin releasing hormone
(GnRH) agonists, GnRH antagonists and estrogen
synthesis inhibitors. Agents which antagonise the
estrogen receptor, i.e. estrogen receptor antagonists,
include antiestrogens. GnRH agonists suitable for the
present invention include leuprorelin (Prostap -
Wyeth), buserelin (Suprefact - Shire), goserelin
(Zoladex - Astra Zeneca), triptorelin (Decapeptyl -
Ipsen), nafarelin (Synarel - Searle), deslorelin
(Somagard - Shire), and histrelin/supprelin (Ortho
Pharmaceutical Corp/Shire).GnRH antagonists suitable
for the present invention include teverelix (also
known as antarelix), abarelix (Plenaxis - Praecis
Pharmaceuticals Inc.), cetrorelix (Cetrotide - ASTA
Medica), and ganirelix (Orgalutran - Organon).
Anti-estrogens suitable for the present invention
include tamoxifen, Faslodex (Astra Zeneca), idoxifene
(see Coombes et al. (1995) Cancer Res. 55, 1070-1074),
raloxifene or EM-652 (Labrie, F et al, (2001) J
steroid Biochem MoI Biol, 79, 213). Estrogen synthesis
inhibitors suitable for the present invention include
aromatase inhibitors. Examples of aromatase inhibitors
include Formestane (4-OH androstenedione), Exemestane,
Anastrozole (Arimidex) and Letroxole. The compounds of
the present invention may be administered in
combination with an alpha-2-delta ligand. Thus, in a
further aspect of the invention, there is provided a
pharmaceutical product containing a progesterone
receptor antagonist and one ore more alpha-2-delta
ligands, as a combined preparation for simultaneous,
separate or sequential use in the treatment of
endometriosis. Examples of alpha-2-delta ligands for
use in the present invention are those compounds, or
pharmaceutically acceptable salts thereof, generally
or specifically disclosed in US4024175, particularly
gabapentin, EP641330, particularly pregabalin,
US5563175, WO-A-97/33858, WO-A-97/33859,
WO-A-99/31057, WO-A-99/31 074, WO-A-97/29101,
WO-A-02/085839, particularly [(1R,5R,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid,
WO-A-99/31 075, particularly 3-(1-
aminomethyl-cyclohexylmethyl)-4H-[1,2,4]oxadiazol-5-on
e and C-[1-(1H-tetrazol-5-
ylmethyl)-cycloheptyl]-methylamine, WO-A-99/21824,
particularly (3S,4S)-(1-
aminomethyl-3,4-dimethyl-cyclopentyl)-acetic acid,
WO-A-0 1/90052, WO-A-0 1/28978, particularly (
1a,3a,5a)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acet
ic acid , EP0641330, WO-A-98/17627, WO-A-00/76958,
particularly (3S,5R)-3-aminomethyl- 5-methyl-octanoic
acid, WO-A-03/082807, particularly
(3S,5R)-3-amino-5-methylheptanoic acid,
(3S,5R)-3-amino-5-methyl-nonanoic acid and
(3S,5R)-3-amino- 5-methyl-octanoic acid,
WO-A-2004/039367, particularly
(2S,4S)-4-(3-fluorophenoxymethyl)-
pyrrolidine-2-carboxylic acid,
(2S,4S)-4-(2,3-difluoro-benzyl)-
pyrrolidine-2-carboxylic acid,
(2S,4S)-4-(3-chlorophenoxy)proline and
(2S,4S)-4-(3-fluorobenzyl)proline, EP1 178034,
EP1201240, WO-A-99/31074, WO-A-03/000642,
WO-A-02/22568, WO-A-02/30871 , WO-A-02/30881 WO-A-02/1
00392, WO-A- 02/100347, WO-A-02/42414, WO-A-02/32736
and WO-A-02/28881, all of which are incorporated
herein by reference. Preferred alpha-2-delta ligands
for use in the combination of the present invention
include: gabapentin, pregabalin,
[(1R,5R,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-6-
yl]acetic acid,
3-(1-aminomethyl-cyclohexylmethyl)-4H-[1,2,4]oxadiazol
-5-one, C-[1- (
1H-tetrazol-d-ylmethyO-cycloheptyll-methylamine,
(3S,4S)-(1 -aminomethyl-3,4-
dimethyl-cyclopentyl)-acetic acid,
(1a,3a,5a)(3-arnino-methyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid, (3S,5R)-3-aminomethyl-5-methyl-octanoic
acid, (3S,5R)-3-amino-5-methylheptanoic acid,
(3S,5R)-3-amino-5-methyl-nonanoic acid ,
(3S,5R)-3-amino-5-methyloctanoic acid,
(2S,4S)-4-(3-chlorophenoxy)proline and (2S,4S)-4-(3-
fluorobenzyl)proline or pharmaceutically acceptable
salts thereof. Further preferred alpha-2-delta ligands
for use in the combination of the present invention
are (3S,5R)-3-amino-5-methyloctanoic acid,
(3S,5R)-3-amino-5- methylnonanoic acid,
(3R,4R,5R)-3-aminc-4,5-dimethylheptanoic acid and
(3R,4R,5R)-3-amino-4,5-dimethyloctanoic acid, and the
pharmaceutically acceptable salts thereof.
Particularly preferred alpha-2-delta ligands for use
in the combination of the present invention are
selected from gabapentin, pregabalin,
(3S,5R)-3-amino-5-methyloctanoic acid, (
1a,3a,5a)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acet
ic acid, (2S,4S)-4-(3- chlorophenoxy)proline and
(2S,4S)-4-(3-fluorobenzyl)proline or pharmaceutically
acceptable salts thereof. The compounds of the present
invention may be administered in combination with an
oxytocin receptor antagonist. Thus, in a further
aspect of the invention, there is provided a
pharmaceutical product containing a progesterone
receptor antagonist and one ore more oxytocin
antagonists, as a combined preparation for
simultaneous, separate or sequential use in the
treatment of endometriosis.Examples of oxytocin
receptor antagonists suitable for the present
invention are atosiban (Ferring AB), barusiban
(Ferring AB), TT-235 (Northwestern University), and
AS-602305 (Serono SA). The contents of the published
patent applications mentioned above, and in particular
the general formulae of the therapeutically active
compounds of the claims and exemplified compounds
therein, are incorporated herein in their entirety by
reference thereto. The compounds of the present
invention may also be administered in combination with
any one or more of the following (i) Aromatase
inhibitor; (ii) Nuclear hormone receptor modulator;
(iii) Angiogenesis inhibitor; (iv) VEGF inhibitor; (v)
Kinase inhibitor; (vi) Protein farnesyl transferase
inhibitor; (vii) Prostanoid receptor antagonist;
(viii) Prostaglandin synthetase inhibitor; (ix)
Bioflavanoid; (x) Alkylating agent; (xi) Microtubule
modulator, e.g. Microtobule stabilizer; (xii)
Topoisomerase I inhibitor; (xiii) Protease inhibitor;
(xiv) Chemokine receptor antagonist; or (xv)
Neuroendocrine receptor modulators. Thus, in a further
aspect of the invention, there is provided a
pharmaceutical product containing a progesterone
receptor antagonist and any one or more of the
following (i) Aromatase inhibitor; (ii) Nuclear
hormone receptor modulator; (iii) Angiogenesis
inhibitor; (iv) VEGF inhibitor; (v) Kinase inhibitor;
(vi) Protein farnesyl transferase inhibitor; (vii)
Prostanoid receptor antagonist; (viii) Prostaglandin
synthetase inhibitor; (ix) Bioflavanoid; 



(x) Alkylating agent; (xi) Microtubule modulator, e.g.
Microtobule stabilizer; (xii) Topoisomerase I
inhibitor; (xiii) Protease inhibitor; (xiv) Chemokine
receptor antagonist; or (xv) Neuroendocrine receptor
modulators. as a combined preparation for
simultaneous, separate or sequential use in the
treatment of endometriosis. Generally, compounds of
the invention will be administered as a formulation in
association with one or more pharmaceutically
acceptable excipients. . The term 'excipient' is used
herein to describe any ingredient other than the
compound(s) of the invention. The choice of excipient
will to a large extent depend on factors such as the
particular mode of administration, the effect of the
excipient on solubility and stability, and the nature
of the dosage form. Pharmaceutical compositions
suitable for the delivery of compounds of the present
invention and methods for their preparation will be
readily apparent to those skilled in the art. Such
compositions and methods for their preparation may be
found, for example, in "Remington's Pharmaceutical
Sciences", 19th Edition (Mack Publishing Company,
1995). The compounds of the invention may be
administered orally. Oral administration may involve
swallowing, so that the compound enters the
gastrointestinal tract, and/or buccal, lingual, or
sublingual administration by which the compound enters
the blood stream directly from the mouth. Formulations
suitable for oral administration include solid,
semi-solid and liquid systems such as tablets; soft or
hard capsules containing multi- or nano-particulates,
liquids, or powders; lozenges (including
liquid-filled); chews; gels; fast dispersing dosage
forms; films; ovules; sprays; and buccal/mucoadhesive
patches.Liquid formulations include suspensions,
solutions, syrups and elixirs. Such formulations may
be employed as fillers in soft or hard capsules (made,
for example, from gelatin or
hydroxypropylmethylcellulose) and typically comprise a
carrier, for example, water, ethanol, polyethylene
glycol, propylene glycol, methylcellulose, or a
suitable oil, and one or more emulsifying agents
and/or suspending agents. Liquid formulations may also
be prepared by the reconstitution of a solid, for
example, from a sachet. The compounds of the invention
may also be used in fast-dissolving,
fastdisintegrating dosage forms such as those
described in Expert Opinion in Therapeutic Patents, H
(6), 981-986, by Liang and Chen (2001). For tablet
dosage forms, depending on dose, the drug may make up
from 1 weight % to 80 weight % of the dosage form,
more typically from 5 weight % to 60 weight % of the
dosage form. In addition to the drug, tablets
generally contain a disintegrant. Examples of
disintegrants include sodium starch glycolate, sodium
carboxymethyl cellulose, calcium carboxymethyl
cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinised starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 weight % to 25 weight %, preferably
from 5 weight % to 20 weight % of the dosage form.
Binders are generally used to impart cohesive
qualities to a tablet formulation. Suitable binders
include microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums,
polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyl
methylcellulose. Tablets may also contain diluents,
such as lactose (monohydrate, spray-dried monohydrate,
anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch
and dibasic calcium phosphate dihydrate. Tablets may
also optionally comprise surface active agents, such
as sodium lauryl sulfate and polysorbate 80, and
glidants such as silicon dioxide and talc. When
present, surface active agents may comprise from 0.2
weight % to 5 weight % of the tablet, and glidants may
comprise from 0.2 weight % to 1 weight % of the
tablet.Tablets also generally contain lubricants such
as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of
magnesium stearate with sodium lauryl sulphate.
Lubricants generally comprise from 0.25 weight % to 10
weight %, preferably from 0.5 weight % to 3 weight %
of the tablet. Other possible ingredients include
anti-oxidants, colourants, flavouring agents,
preservatives and taste-masking agents. Exemplary
tablets contain up to about 80% drug, from about 10
weight % to about 90 weight % binder, from about 0
weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from
about 0.25 weight % to about 10 weight % lubricant.
Tablet blends may be compressed directly or by roller
to form tablets. Tablet blends or portions of blends
may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The
final formulation may comprise one or more layers and
may be coated or uncoated; it may even be
encapsulated. The formulation of tablets is discussed
in "Pharmaceutical Dosage Forms: Tablets", Vol. 1, by
H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980). Consumable oral films are typically pliable
water-soluble or water-swellable thin film dosage
forms which may be rapidly dissolving or mucoadhesive
and typically comprise a compound of formula (I), a
film-forming polymer, a binder, a solvent, a
humectant, a plasticiser, a stabiliser or emulsifier,
a viscosity-modifying agent and a solvent. Some
components of the formulation may perform more than
one function. The film-forming polymer may be selected
from natural polysaccharides, proteins, or synthetic
hydrocolloids and is typically present in the range
0.01 to 99 weight %, more typically in the range 30 to
80 weight %. Other possible ingredients include
anti-oxidants, colorants, flavourings and flavour
enhancers, preservatives, salivary stimulating agents,
cooling agents, co-solvents(including oils),
emollients, bulking agents, anti-foaming agents,
surfactants and tastemasking agents. Films in
accordance with the invention are typically prepared
by evaporative drying of thin aqueous films coated
onto a peelable backing support or paper. This may be
done in a drying oven or tunnel, typically a combined
coater dryer, or by freeze-drying or vacuuming. Solid
formulations for oral administration may be formulated
to be immediate and/or modified release. Modified
release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release.
Suitable modified release formulations for the
purposes of the invention are described in US Patent
No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles are to be found in
"Pharmaceutical Technology On-line", 25(2), 1-14, by
Verma et al (2001). The use of chewing gum to achieve
controlled release is described in WO 00/35298. The
compounds of the invention may also be administered
directly into the blood stream, into muscle, or into
an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial,
intramuscular, intrasynovial and subcutaneous.
Suitable devices for parenteral administration include
needle (including microneedle) injectors, needle-free
injectors and infusion techniques. Parenteral
formulations are typically aqueous solutions which may
contain excipients such as salts, carbohydrates and
buffering agents (preferably to a pH of from 3 to 9),
but, for some applications, they may be more suitably
formulated as a sterile non aqueous solution or as a
dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water. The
preparation of parenteral formulations under sterile
conditions, for example, by lyophilisation, may
readily be accomplished using standard pharmaceutical
techniques well known to those skilled in the art.The
solubility of compounds of formula (I) used in the
preparation of parenteral 



solutions may be increased by the use of appropriate
formulation techniques, such as the incorporation of
solubility-enhancing agents. Formulations for
parenteral administration may be formulated to be
immediate and/or modified release. Modified release
formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. Thus
compounds of the invention may be formulated as a
suspension or as a solid, semi-solid, or thixotropic
liquid for administration as an implanted depot
providing modified release of the active compound.
Examples of such formulations include drug-coated
stents and semi solids and suspensions comprising
drug-loaded poly(a7-lactic-coglycolic)acid (PGLA)
microspheres. The compounds of the invention may also
be administered topically, (intra)dermally, or
transdermal^ to the skin or mucosa. Typical
formulations for this purpose include gels, hydrogels,
lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin patches,
wafers, implants, sponges, fibres, bandages and
microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil, liquid
petrolatum, white petrolatum, glycerin, polyethylene
glycol and propylene glycol. Penetration enhancers may
be incorporated - see, for example, J Pharm Sci, 88
(10), 955-958, by Finnin and Morgan (October 1999).
Other means of topical administration include delivery
by electroporation, iontophoresis, phonophoresis,
sonophoresis and microneedle or needle-free (e.g.
Powderject(tm), Bioject(tm), etc.) injection.
Formulations for topical administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. The compounds of the invention can
also be administered intranasally or by inhalation,
typically in the form of a dry powder (either alone,
as a mixture, for example, in a dry blend with
lactose, or as a mixed component particle, for
example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler, as an
aerosolspray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using
electrohydrodynamics to produce a fine mist), or
nebuliser, with or without the use of a suitable
propellant, such as 1,1,1,2-tetrafluoroethane or
1,1,1,2,3,3,3- heptafluoropropane, or as nasal drops.
For intranasal use, the powder may comprise a
bioadhesive agent, for example, chitsan or
cyclodextrin. The pressurised container, pump, spray,
atomizer, or nebuliser contains a solution or
suspension of the compound(s) of the invention
comprising, for example, ethanol, aqueous ethanol, or
a suitable alternative agent for dispersing,
solubilising, or extending release of the active, a
propellant(s) as solvent and an optional surfactant,
such as sorbitan trioleate, oleic acid, or an
oligolactic acid. Prior to use in a dry powder or
suspension formulation, the drug product is micronised
to a size suitable for delivery by inhalation
(typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral
jet milling, fluid bed jet milling, supercritical
fluid processing to form nanoparticles, high pressure
homogenisation, or spray drying. Capsules (made, for
example, from gelatin or
hydroxypropylmethylcellulose), blisters and cartridges
for use in an inhaler or insufflator may be formulated
to contain a powder mix of the compound of the
invention, a suitable powder base such as lactose or
starch and a performance modifier such as /-leucine,
mannitol, or magnesium stearate. The lactose may be
anhydrous or in the form of the monohydrate,
preferably the latter. Other suitable excipients
include dextran, glucose, maltose, sorbitol, xylitol,
fructose, sucrose and trehalose. A suitable solution
formulation for use in an atomiser using
electrohydrodynamics to produce a fine mist may
contain from 1mg to 20mg of the compound of the
invention per actuation and the actuation volume may
vary from 1ml to 10Oml . A typical formulation may
comprise a compound of formula (I), propylene glycol,
sterile water, ethanol and sodium chloride.
Alternative solvents which may be used instead of
propylene glycol include glycerol and polyethylene
glycol.Suitable flavours, such as menthol and
levomenthol, or sweeteners, such as saccharin or
saccharin sodium, may be added to those formulations
of the invention intended for inhaled/intranasal
administration. Formulations for inhaled/intranasal
administration may be formulated to be immediate
and/or modified release using, for example, PGLA.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. The compounds of the invention may
be administered rectally or vaginally, for example, in
the form of a suppository, pessary, or enema. Cocoa
butter is a traditional suppository base, but various
alternatives may be used as appropriate. Formulations
for rectal/vaginal administration may be formulated to
be immediate and/or modified release. Modified release
formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. The
compounds of the invention may be combined with
soluble macromolecular entities, such as cyclodextrin
and suitable derivatives thereof or polyethylene
glycolcontaining polymers, in order to improve their
solubility, dissolution rate, tastemasking,
bioavailability and/or stability for use in any of the
aforementioned modes of administration.
Drug-cyclodextrin complexes, for example, are found to
be generally useful for most dosage forms and
administration routes. Both inclusion and
non-inclusion complexes may be used. As an alternative
to direct complexation with the drug, the cyclodextrin
may be used as an auxiliary additive, i.e. as a
carrier, diluent, or solubiliser. Most commonly used
for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in
International Patent Applications Nos. WO 91/1 1172,
WO 94/02518 and WO 98/55148. Inasmuch as it may
desirable to administer a combination of active
compounds, for example, for the purpose of treating a
particular disease or condition, it is within the
scope of the present invention that two or more
pharmaceutical compositions, at leastone of which
contains a compound in accordance with the invention,
may conveniently be combined in the form of a kit
suitable for coadministration of the compositions.
Thus the kit of the invention comprises two or more
separate pharmaceutical 5 compositions, at least one
of which contains a compound of formula (I) in
accordance with the invention, and means for
separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An
example of such a kit is the familiar blister pack
used for the packaging of tablets, capsules and the
like. 10 The kit of the invention is particularly
suitable for administering different dosage forms, for
example, oral and parenteral, for administering the
separate compositions at different dosage intervals,
or for titrating the separate compositions against one
another. To assist compliance, the kit typically
comprises directions for administration and may be
provided with a so-called memory aid. 15 For
administration to human patients, the total daily dose
of the compounds of the invention is typically in the
range <1mg to 1000 mg depending, of course, on the
mode of administration. For example, oral
administration may require a total daily dose of from
< 1 mg to 1000 mg, while an intravenous dose may only
require from < 1 mg to 20 500 mg. The total daily dose
may be administered in single or divided doses and
may, at the physician's discretion, fall outside of
the typical range given herein. These dosages are
based on an average human subject having a weight of
about 60kg to 70kg. The physician will readily be able
to determine doses for subjects 25 whose weight falls
outside this range, such as infants and the elderly.
As used herein, the terms "treating" and "to treat",
mean to alleviate symptoms, eliminate the causation
either on a temporary or permanent basis, or to
prevent or slow the appearance of symptoms. The term
"treatment" includes alleviation, 30 elimination of
causation (either on a temporary or permanent basis)
of, or prevention of symptoms and disorders associated
with endometriosis and/or uterine leiomyoma. The
treatment may be a pre-treatment as well as a
treatment at the on-set of 



symptoms.The compounds of the present invention should
be useful for the treatment of gynaecological symptoms
of painful ' menstruation (dysmenorrhoea), painful
intercourse (dyspareunia), painful defaecation
(dyzchexia) or micturition (dysuria) provoked by
menstruation, chronic pelvic pain (constant or cyclic
painful symptoms present for more than six months),
excessive menstrual blood loss (menorrhagia), frequent
periods (polymenorrhagia) or infrequent or irregular
periods (oligoamenorrhoea or amenorrhoea) either
occurring in the absence of specific pathology
(dysfunctional uterine bleeding and/or primary
dysmenorrhoea), or in association with endometriosis,
adenomyosis, polycystic ovarian syndrome, or uterine
fibroids (leiomyomata). It is intended that the term
treatment encompasses not only the management of the
pain symptoms associated with the abovementioned
conditions, but also modification of the disease
progression itself, i.e. a clinically meaningful
benefit to the patients is achieved. Modification of
disease progression may result in reduction or
elimination of pain. More preferably, modification of
disease progression may result in reduction or
elimination of pain, and prolonged intervals to
symptom onset. Even more preferably, modification of
disease progression may result in reduction or
elimination of pain, prolonged intervals to symptom
onset, and reduction in the need of surgery. Most
preferably, modification of disease progression may
result in reduction or elimination of pain, prolonged
intervals to symptom onset, a reduction in the need of
surgery, and preserved and/or improved fertility. The
compounds of formula (I) of the present invention have
utility as EP2 antagonists in the treatment of various
disease states. Preferably said EP2 antagonists
exhibit a functional potency at the EP2 receptor
expressed as a Ki, lower than about 100OnM, more
preferably lower than 50OnM, yet more preferably lower
than about 10OnM and more preferably still lower than
about 5OnM wherein said Ki measurement of EP2
functional potency can be carried out using Protocol 1
below.- Using this assay, compounds according to the
present invention exhibit a functional potency at the
EP2 receptor expressed as a Ki lower than 100OnM.
Using this assay, compounds according to the present
invention exhibit a functional potency at the EP2
receptor expressed as a Ki lower than 100OnM.Preferred
compounds herein exhibit functional potency at the EP2
receptor as defined herein before and are selective
for EP2 over DP1 . Preferably said EP2 antagonists
have a selectivity for EP2 over DP1 wherein said EP2
receptor antagonists are at least about 10-times,
preferably at least about 20-times, more preferably at
least about 30- times, even more preferably at least
about 100-times, more preferably still at least about
300-times, even more preferably still at least about
500-times and especially at least about 1000-times
more functionally selective for an EP2 receptor as
compared with the DP1 receptor wherein said relative
selectivity assessments are based on the measurement
of DP1 and EP2 functional potencies which can be
carried out using the assays described herein. DP1
activity is measured using Protocol 2 below.
Preferably said EP2 antagonists have a selectivity for
EP2 over EP4 wherein said EP2 receptor antagonists are
at least about 10-times, preferably at least about
30-times, more preferably at least about 100-times,
more preferably still at least about 300- times, even
more preferably still at least about 500-times and
especially at least about 1000-times more functionally
selective for an EP2 receptor as compared with the EP4
receptor wherein said relative selectivity assessments
are based on the measurement of EP4 and EP2 functional
potencies which can be carried out using the assays as
described herein. EP4 activity is measured using
Protocol 3 below. Most preferred are EP2 antagonists
have a selectivity for EP2 over DP1 and EP4 wherein
said EP2 receptors antagonists are at least about
10-times, preferably at least about 30-times, more
preferably at least about 100-times, more preferably
still at least about 300-times, even more preferably
still at least about 1000-times more functionally
selective for an EP2 receptor as compared with the DP1
and EP4 receptors. The compounds of the present
invention may be tested in the screens set out below.
1.0 Measurement of in vitro antagonist potency (IC50)
of compounds against recombinant human Prostaglandin
E2 receptor in CHO cells The prostaglandin E2 (EP-2)
receptor is Gs coupled and agonism of the receptor by
PGE2 results in activation of intracellular adenylate
cyclase enzymes that synthesise the second messenger
signalling molecule, adenosine 3',5'-cyclic
monophosphate (cAMP). CHO cells expressing the
recombinant human EP-2 receptor are stimulatedwith
PGE2 (5nM) equivalent to approximately EC50 values to
give the maximal cAMP signal. Decreases in cAMP levels
following treatment of stimulated recombinant EP-2
cells with potential antagonist compounds were
measured and potency (IC50) calculated as follows. A
Chinese hamster ovary (CHO) cell line stably
transfected with full length cDNA encoding human
Prostaglandin E2 was established using standard
molecular biology methods. Test compounds were
dissolved in dimethyl sulphoxide (DMSO) at 4mM. 11
point half log unit increment dilution series of test
compound were prepared in DMSO then diluted 1 in 40 in
a buffer comprised of phosphate buffered saline (PBS)
and 0.05% pluronic F-127 surfactant. Freshly cultured
cells at 80-90% confluence were harvested and
re-suspended in 90% growth media/10% DMSO. The cells
were frozen using a planar freezer and stored in
frozen aliquots in cryovials in liquid nitrogen until
the day of the experiment. A vial of cells was
defrosted in a 370C water bath for 2 min, then
transferred to 10ml of Dulbecco's Modified Eagle's
Medium (DMEM). The cells were then centrifuged for 5
min at 100Og and the pellet re-suspended at 1,000,000
cells/ml in DMEM. 5,000 cells (5ul) were added to 5ul
of the compound dilution series in a 384 well assay
plate and pre-incubated for 30 min at 370C. 5ul of
agonist (15nM PGE2 in PBS to give 5nM FAC) was added
and plates further incubated for 90 min at 370C. The
relative cAMP concentration in each well was then
measured using a b- galactosidase enzyme fragment
complementation method purchased in kit form as the
Discoverx cAMP Il kit from GE Healthcare, UK. The
luminescence readings taken from each assay well were
converted into percent effect relative to maximum
control wells corresponding to a 3OuM of S-5751
(Shionogi, see e.g. US Patent 6693203) demonstrated to
give a maximal effect. Sigmoidal curves were fitted to
plots of logi 0 inhibitor concentration vs. percent
effect. IC50 estimates were determined as the
concentration of test compound giving an effect half
way between the bottom and top asymptotes of the
sigmoidal dose response curve. Each experiment
included an IC50 determination for the literature
compound as a standard to track assay consistency and
allow fair comparison between values obtained in
different experiments. The EC50 of PGE2 is used in
combination with the ligand concentration in the assay
to determine Ki values for antagonist dose responses
using the Cheng-Prusoff equation. Consequently an
agonist dose response curve is carried out for each
experiment using the same incubation as the antagonist
plate.2.0 Measurement of in vitro antagonist potency
(IC50) of compounds against recombinant human
Prostaglandin D1 receptor in CHO cells The
prostaglandin D1 (DP-1) receptor is Gs coupled and
agonism of the receptor by PGE2 results in activation
of intracellular adenylate cyclase enzymes that
synthesise the second messenger signalling molecule,
adenosine 3',5'-cyclic monophosphate (cAMP). CHO cells
expressing the recombinant human DP-1 receptor are
stimulated with BW245C (1OnM) equivalent to
approximately EC70 values to give the maximal cAMP
signal. Decreases in cAMP levels following treatment
of stimulated recombinant DP-1 cells with potential
antagonist compounds were measured and potency (IC50)
calculated as follows. A Chinese hamster ovary (CHO)
cell line stably transfected with full length cDNA
encoding human Prostaglandin D1 was established using
standard molecular biology methods. Test compounds
were dissolved in dimethyl sulphoxide (DMSO) at 4mM.
11 point half log unit increment dilution series of
test compound were prepared in DMSO then diluted 1 in
40 in a buffer comprised of phosphate buffered saline
(PBS) and 0.05% pluronic F-127 surfactant. Freshly
cultured cells at 80-90% confluence were harvested and
re-suspended in 90% growth media/10% DMSO. The cells
were frozen 



using a planar freezer and stored in frozen aliquots
in cryovials in liquid nitrogen until the day of the
experiment: A vial of cells was defrosted in a 370C
water bath for 2 min, then transferred to 10ml of
Dulbecco's Modified Eagle's Medium (DMEM). The cells
were then centrifuged for 5 min at 100Og and the
pellet re-suspended at 1,000,000 cells/ml in DMEM.
5,000 cells (5ul) were added to 5ul of the compound
dilution series in a 384 well assay plate and
pre-incubated for 30 min at 370C. 5ul of agonist (3OnM
BW245C in PBS to give 1OnM FAC) was added and plates
further incubated for 90 min at 370C. The relative
cAMP concentration in each well was then measured
using a b- galactosidase enzyme fragment
complementation method purchased in kit form as the
Discoverx cAMP Il kit from GE Healthcare, UK. The
luminescence readings taken from each assay well were
converted into percent effect relative to maximum
control wells corresponding to a 3OuM of S-5751,
demonstrated to give a maximal effect. Sigmoidal
curves were fitted to plots of logi 0 inhibitor
concentration vs. percent effect. IC50 estimates were
determined as the concentration of test compound
giving an effect half way between the bottom and top
asymptotes of the sigmoidal dose response curve. Each
experiment included an IC50 determination for the
literature compound as a standard to track assay
consistency and allow fair comparisonbetween values
obtained in different experiments. The EC70 of BW245C
is used in combination with the ligand concentration
in the assay to determine Ki values for antagonist
dose responses using the Cheng-Prusoff equation.
Consequently an agonist dose response curve is carried
out for each experiment using the same incubation as
the antagonist plate. 3.0 Measurement of in vitro
antagonist potency (IC50) of compounds against
recombinant human Prostaglandin E4 receptor in CHO
cells The prostaglandin E4 (EP-4) receptor is Gs
coupled and agonism of the receptor by PGE2 results in
activation of intracellular adenylate cyclase enzymes
that synthesise the second messenger signalling
molecule, adenosine 3',5'-cyclic monophosphate (cAMP).
CHO cells expressing the recombinant human EP-4
receptor are stimulated with PGE2 (6nM) equivalent to
approximately EC50 values to give the maximal cAMP
signal. Decreases in cAMP levels following treatment
of stimulated recombinant EP-2 cells with potential
antagonist compounds were measured and potency (IC50)
calculated as follows. A Chinese hamster ovary (CHO)
cell line stably transfected with full length cDNA
encoding human Prostaglandin E4 was established using
standard molecular biology methods. Test compounds
were dissolved in dimethyl sulphoxide (DMSO) at 4mM.
11 point half log unit increment dilution series of
test compound were prepared in DMSO then diluted 1 in
40 in a buffer comprised of phosphate buffered saline
(PBS) and 0.05% pluronic F-127 surfactant. Freshly
cultured cells at 80-90% confluence were harvested and
re-suspended in 90% growth media/10% DMSO. The cells
were frozen using a planar freezer and stored in
frozen aliquots in cryovials in liquid nitrogen until
the day of the experiment. A vial of cells was
defrosted in a 370C water bath for 2 min, then
transferred to 10ml of Dulbecco's Modified Eagle's
Medium (DMEM). The cells were then centrifuged for 5
min at 100Og and the pellet re-suspended at 1,000,000
cells/ml in DMEM. 5,000 cells (5ul) were added to 5ul
of the compound dilution series in a 384 well assay
plate and pre-incubated for 30 min at 370C. 5ul of
agonist (6nM PGE2 in PBS to give 2nM FAC) was added
and plates further incubated for 90 min at 370C. The
relative cAMP concentration in each well was then
measured using a b- galactosidase enzyme fragment
complementation method purchased in kit form as the
Discoverx cAMP Il kit from GE Healthcare, UK. The
luminescence, readings taken from each assay well were
converted into percent effect relative to maximum
control wellscorresponding to a 3OuM of
4-{(S)-1-[5-Chloro-2-(4-chloro-benzyloxy)-benzoylamino
]- ethylj-benzoic acid (WO20051 05733), demonstrated
to give a maximal effect. Sigmoidal curves were fitted
to plots of log-io inhibitor concentration vs. percent
effect. IC50 estimates were determined as the
concentration of test compound giving an effect half
way between the bottom and top asymptotes of the
sigmoidal dose response curve. Each experiment
included an IC50 determination for the literature
compound as a standard to track assay consistency and
allow fair comparison between values obtained in
different experiments. The EC50 of PGE2 is used in
combination with the ligand concentration in the assay
to determine Ki values for antagonist dose responses
using the Cheng-Prusoff equation. Consequently an
agonist dose response curve is carried out for each
experiment using the same incubation as the antagonist
plate.In-vitro Biological DataThe invention includes
all polymorphs of the compounds of formula (I) and
crystal habits thereof. The compounds of the invention
may have the advantage that they are more potent, have
a longer duration of action, have a broader range of
activity, are more stable, have fewer side effects or
are more selective, or have other more useful
properties than the compounds of the prior art. Thus
the invention provides: (i) a compound of formula (I)
or a pharmaceutically acceptable derivative thereof;
(ii) a process for the preparation of a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof; (iii) a pharmaceutical composition
including a compound of formula (I) or a
pharmaceutically acceptable derivative thereof,
together with a pharmaceutically acceptable diluent,
carrier or adjuvant; (iv) a compound of formula (I) or
a pharmaceutically acceptable derivative or
composition thereof, for use as a medicament; (v) a
compound of formula (I) for use as a medicament for
the treatment of a disorder which would benefit from
EP2 antagonism. (vi) the use of a compound of formula
(I) or of a pharmaceutically acceptable derivative or
composition thereof, for the manufacture of a
medicament for the treatment of endometriosis, uterine
fibroids (leiomyomata), menorrhagia, adenomyosis,
primary and / or secondary dysmenorrhoea (including
symptoms of dyspareunia, dyschexia and chronic pelvic
pain), or chronic pelvic pain syndrome; (vii) a
compound of formula (I) or of a pharmaceutically
acceptable derivative or composition thereof, for use
in treating of endometriosis, uterine fibroids
(leiomyomata), menorrhagia, adenomyosis, primary and /
or secondary dysmenorrhoea (including symptoms of
dyspareunia, dyschexia and chronic pelvic pain), or
chronic pelvic pain syndrome; (viii) use as in (vi)
where the disease or disorder is endometriosis and/or
uterine fibroids (leiomyomata);(ix) a compound as in
(viii) where the disease or disorder is endometriosis
and/or uterine fibroids (leiomyomata); (x) a method of
treatment of a mammal to treat endometriosis, uterine
fibroids (leiomyomata), menorrhagia, adenomyosis,
primary and secondary dysmenorrhoea (including
symptoms of dyspareunia, dyschexia and chronic pelvic
pain), chronic pelvic pain syndrome including treating
said mammal with an effective amount of a compound of
formula (I) or with a pharmaceutically acceptable
derivative or composition thereof; (xi) a method as in
(x) where the disease or disorder is endometriosis
and/or uterine fibroids (leiomyomata); (xii) novel
intermediates as described herein; (xiii) a
combination as described herein. (xiv) a compound,
salt, solvate, prodrug, process, method of treatment,
combination therapy, intermediate or pharmaceutical
composition, substantially as described herein. Other
aspects of the invention will be apparent from the
claims. The Preparations and Examples that follow
illustrate the invention but do not limit the
invention in any way. All starting materials are
available commercially or described in the literature.
All temperatures are in 0C. Flash column
chromatography was carried 



out using Merck silica gel 60 (9385). Thin layer
chromatography (TLC) was carried out on Merck silica
gel 60 plates (5729). "Rf" represents the distance
travelled by a compound divided by the distance
travelled by the solvent front on a TLC plate. Melting
points were determined using a Gallenkamp MPD350
apparatus and are uncorrected. NMR was carried out
using a Varian-Unity Inova 400MHz NMR spectrometer or
a Varian Mercury 400MHz NMR spectrometer. Mass
spectroscopy was carried out using a Finnigan
Navigator single quadrupole electrospray mass
spectrometer or a Finnigan aQa APCI mass spectrometer.
Where it is stated that compounds were prepared in the
manner described for an earlier Preparation or
Example, the skilled person will appreciate that
reaction times, number of equivalents of reagents and
reaction temperatures may have been modifiedfor each
specific reaction, and that it may nevertheless be
necessary, or desirable, to employ different work-up
or purification conditions. The invention is
illustrated by the following non-limiting Examples in
which the following abbreviations and definitions are
used: APCI atmospheric pressure chemical ionisation
mass spectrum Arbocel filter agent br broad Celite(r)
filter agent d chemical shift d doublet ES
electrospray ionisation HPLC high pressure liquid
chromatography LRMS low resolution mass spectrum m
multiplet m/z mass spectrum peak NMR nuclear magnetic
resonance Prep preparation psi pounds per square inch
q quartet Rt retention time S singlet t triplet tic
thin layer chromatography UV ultraviolet For the
avoidance of doubt, named compounds used herein have
been named using ACD Labs Name Software v7.1 1(tm).
Where compounds are purified by HPLC, there are three
methods used, shown below.Method a Method b Column
Sunfire C18 4.6 x 50 mm id Xterra 4.6 x 50 mm id
Temperature Ambient Ambient Mobile Phase A 0.05%
formic acid in water 0.05% ammonia in water 0.05%
formic acid in 0.05% ammonia in Mobile Phase B
acetonitrile acetonitrile Gradient- Initial 5% B 5% B
Time Omins 5% B 5% B Time 3 mins 98% B 98% B Time 4
mins 98% B 98% B Time 4.1 mins 5% B 5% B Time 5 mins
5% B 5% B Flow rate 1.5 ml / min 1.5 ml / . min
Injection volume 5 ul 5 ul Method c Phenomenex Luna
10u C18(2) 150 x 2 1.2 (mm) 10 Column micron
Temperature Ambient Mobile Phase A water Mobile Phase
B Acetonitrile Mobile Phase C 2% formic acid (aq)
Gradient - Initial A=90% B=5% C=5% Time 0.6 mins A=90%
B=5% C=5% Time 8.50 mins A=5% B=90% C=5% Time 1 1 .50
mins A=5% B=90% C=5% Time 11.60 mins A=90% B=5% C=5%
Time 14 mins A=90% B=5% C=5% Flow rate 25
ml/minExample 1:
1-(4-Chlorobenzoyl)-3-{[(4'-cyanobiphenyl-4-yl)oxy]met
hyl} azetidine-3- carboxylic acid
4'-Hydroxy-4-biphenylcarbonitrile (30.9 mg, 0.15 mmol)
and potassium carbonate (109 mg, 0.79 mmol) were added
to a stirred solution of ethyl 1-(4-chlorobenzoyl)-3-
(chloromethyl)azetidine-3-carboxylate (50 mg, 0.15
mmol) (see Preparation 8) in dimethyl sulfoxide (3
ml). The resulting mixture was stirred at 130 0C for
0.25 hours. Water ( 1 ml_) was then added and the
resulting reaction mixture was heated at 80 0C for 10
mins. It was then allowed to cool before being
partitioned between aqueous hydrochloric acid (2M, 5
ml_) and dichloromethane (5 ml_). The organic layer
was dried over sodium sulphate and concentrated under
reduced pressure. The residual brown oil was purified
by HPLC (method a). LCMS Rt 3.54 mins, ES m/z 446
[M+H]+ Examples 2 to 13 were prepared according to the
method described above for Example 1, starting from
the appropriate halo compounds of formula (II) and the
appropriate alcohols of formula
(III):AMINO-HETEROCYCLIC COMPOUNDS RELATED APPLICATION
This application claims the benefit under 35 U S C  1
19(e) of U S provisional application Ser No
60/917,333, filed June 11, 2007 FIELD OF THE INVENTION
This invention relates to a series of novel compounds
that are selective inhibitors of phosphodiesterase
type 9 ("PDE9") More particularly, the invention
relates to pyrazolo[3,4-d]py pmidinone compounds for
use in the treatment and prevention of
neurodegenerative diseases and other diseases and
disorders influenced by modulation of PDE9 BACKGROUND
QF THE INVENTION Cyclic nucleotides cyclic guanosine
monophosphate (cGMP) and cyclic adenosine
monophosphate (cAMP) are important second messengers
and thus are central to the control and regulation of
a multitude of cellular events, both physiological and
pathophysiological, in a wide variety of organs Cyclic
GMP is formed from GTP by the catalytic reaction of
guanylyl cyclase (GC), which is activated by nitric
oxide (NO) Cyclic GMP in turn activates cGMP-dependent
protein kinases (cGK), which mediate localized and
global signaling A variety of physiological processes
in the cardiovascular, nervous and immune systems are
controlled by the NO/cGMP pathway, including ion
channel conductance, glycogenosis, cellular apoptosis,
and smooth muscle relaxation In blood vessels,
relaxation of vascular smooth muscles leads to
vasodilation and increased blood flow The
phosphodiesterase (PDE) enzyme family hydrolyses cGMP
and cAMP The PDE9 enzyme has been identified as a
novel member of the PDE enzyme family that selectively
hydrolyses cGMP over cAMP See Fisher et a/ , J Biol
Chem , 273(25), 15559-15564 (1998) PDE9 has been found
to be present in a variety of human tissues, namely
the testes, brain, small intestine, skeletal muscle,
heart, lung, thymus and spleen, as well as in 



smooth muscle cells within the human vasculature of a
variety of tissuesRecent studies have directly
implicated dysfunction of NO/cGMP/cGK signaling in
Alzheimer's disease For example, disruption of Long
Term Potentiation (LTP), a physiological correlate of
learning and memory, by amyloid- b peptide was shown
to result from a malfunction of NO/cGMP signaling
Puzzo et al , J Neurosci , 25(29) 6887-6897 (2005)
Moreover, in rats showing deficits in memory tasks due
to depletion in forebrain acetylcholinesterase (which
is associated with Alzheimer's disease),
administration of a nitric oxide mimetic increased GC
activity and reversed the cognitive deficits in memory
tasks Bennett et al , Neuropsychopharmacology, 32
505-513 (2007) It is therefore believed that
therapeutic agents capable of enhancing the
GC/NO/cGMP/cGK signaling cascade may be useful as a
new approach to the treatment of Alzheimer's disease
and other neurodegenerative disorders By reducing or
preventing the hydrolysis of cGMP by PDE9, PDE9
inhibitors elevate the intracellular level of cGMP,
thus enhancing or prolonging its effects It has been
found that an increase in cGMP concentration in rats
leads to improvement in learning and memory in social
and object recognition tests See, e , Boess et al ,
Neuropharmacology, 47 1081-1092 (2004) Inhibition of
PDE9 has been shown to increase LTP Hendpx , BMC
Pharmacol , 5(Supp 1) 55 (2005) Accordingly, there is
a need for PDE9 inhibitors that are effective in
treating conditions that may be regulated or
normalized by inhibition of PDE9 SUMMARY OF THE
INVENTION The present invention is directed to
compounds of Formula (I),and pharmaceutically
acceptable salts thereof, wherein R, R1, R2, and R3
are as defined herein The present invention is also
directed to compositions containing a compound of
Formula (I), or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable vehicle,
carrier or diluent, and optionally further comprising
a second pharmaceutical agent The present invention is
further directed to a method of inhibiting PDE9 in a
mammal in need of such inhibition, comprising the step
of administering to the mammal a PDE9- inhibiting
amount of a) a compound of Formula I , or a
pharmaceutically acceptable salt thereof, or b) a
pharmaceutical composition comprising a compound of
Formula I , or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable vehicle,
carrier or diluent The present invention is further
directed to a method of treating a neurodegenerative
disease in a mammal in need of such treatment,
comprising the step of administering to the mammal a
therapeutically effective amount of a compound of
Formula I or a pharmaceutically acceptable salt
thereof The present invention is further directed to a
method of promoting neurorestoration in a mammal in
need of such neurorestoration, comprising the step of
administering to the mammal a therapeutically
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof The present
invention is still further directed to a method of
improving cognitive deficits and treating cognitive
impairment in a mammal in need of-Asuch improvement or
treatment, comprising the step of administering to the
mammal a therapeutically effective amount of a
compound of Formula I , or a pharmaceutically
acceptable salt thereof With the foregoing and other
advantages and features of the invention that will
become hereinafter apparent, the nature of the
invention may be more clearly understood by reference
to the following detailed description of the invention
and the appended claims DETAILED DESCRIPTION OF THE
INVENTION The present invention comprises novel
selective PDE9 inhibitors of Formula (I), and
pharmaceutically acceptable salts thereof, wherein R
is selected from the group consisting of (C1-Ce)SIkVl,
(C2-C6)alkenyl, (C2-C6)alkynyl, (C3-Cb)cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, each of which
optionally may be substituted with one to three
substituents, the substituents being independently
selected from the group consisting of (C1- C4)alkyl,
(Ci-C 4)alkoxy, halo, and (Ci-C 4)haloalkyl R1 is
selected from the group consisting of hydrogen, (Cr
C4)alkyl, (C2- C4)alkenyl, (C2-C4)alkynyl, (Ci-C
4)haloalkyl, and cyclopropyl, R2 is selected from the
group consisting of (d-CeJalkyl, (C2-Ce)alkenyl,
(C2-C6)alkynyl, (d-CeJhaloalkyl, heteroaryl selected
from the group consisting of pyridinyl, pyridazinyl,
pyrimidinyl and pyrazinyl, and ER5, wherein
theheteroaryl optionally may be substituted with one
to three substituents independently selected from the
group consisting of (Ci-d)alkyl and (C1- C4)haloalkyl,
R3 is selected from the group consisting of hydrogen,
(d-dOalkyl, (C2- C4)alkenyl, (C2-C )alkynyl,
(C3-C6)cycloalkyl, and (Ci-C 4)haloalkyl, E is
selected from the group consisting of -CH 2- , -CH
CH2- , - CH2CH2CH2- , and -C(O)- , R5 is selected from
the group consisting of (C3-Ce)cycloalkyl,
heterocycloalkyl, aryl, aryloxy, and heteroaryl, any
of which optionally may be substituted with one to
three substituents, such substituents being
independently selected from the group consisting of
(d-C 4)alkyl, (C2- C4)alkenyl, (C2-C4)alkynyl,
(Ci-C4)hydroxyalkyl, (d-C 4)haloalkyl, (d- C4)alkoxy,
(Ci-C 4)haloalkoxy, (C3-Cb)cycloalkyl, halo, cyano,
phenyl, morpholinyl, (Ci-C 4)alkylam ino, pyrazolyl,
triazolyl, and imidazolyl Preferably, R is selected
from the group consisting of ethyl, isopropyl,
trifluoroethyl, cyclobutyl, cyclopentyl,
difluorocyclohexyl, methoxyphenyl, and
tetrahydro-2H-pyran-4-yl, R1 is hydrogen or methyl, R2
is methyl, trifluoroethyl, trifluorobutyl,
pyrimidinyl, trifluoromethylpy pmidinyl, Or ER5, R3 is
methyl, ethyl, isopropyl, trifluoromethyl,
trifluoroethyl, or cyclopropyl, E is -CH 2- or -C(O)-
, and R5 is selected from the group consisting of
substituted or unsubstituted cyclopentyl, morpholinyl,
phenyl, naphthyl, benzyloxy, pyrimidinyl, pyndinyl,
quinolinyl, quinoxalinyl, pyrazinyl, pyrazolyl,
benzimidazolyl, cinnolinyl, naphthyd pnyl,
pypdo[2,3-b]pyraz inyl, imidazo[4,5-c]py pdinyl,
benzothiadiazolyl, tetrahydropyrazolo[1 ,5-a]pyr
idinyl, dihydrobenzodioxinyl, imidazolyl,
dihydrobenzofuranyl, triazolyl, oxazolyl, isoxazolyl,
benzodioxinyl, thiazolyl, imidazo[1 ,2-a]pyridinyl,
tetrahydrobenzothiazolyl, dihydrobenzoxazinyl,
tetrahydropyranyl, tetrahydropyrazolo[1 ,5-a]azep
inyl, and dihydropyrrolo[1 ,2-b]pyrazolyl More
preferably, R is selected from the group consisting of
isopropyl, cyclobutyl, cyclopentyl, and
tetrahydro-2H-pyranyl, R1 is hydrogen, R2 is ER5, R3
is methyl or ethyl, E is -CH 2- , and R5 is selected
from the groupconsisting of phenyl, pyrimidin-2-yl
pypdin-2-yl, pyraz in-2-yl, and 5- methyl ryraz
in-2-yl In other preferred embodiments, the compound
is 6-[(3,4-trans)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-(2-rnethoxyphenyl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pynm idin-4-one
6-[(3,4-trans)-1-benzyl-4-methylpyrrol idin-3-yl]-1
-cyclopentyl-1, 5- dihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one, 6-[(3S,4S)1 -benzyl-4-methylpyrrol
idin-3-yl]-1 -cyclopentyl-1 ,5-d ihydro-
4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-pyr
imidin-2-ylpyrrol idin-3-yl]-1 ,5-
dihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[4-(t
pfluoromethyl)py pmidin-2- 



yl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-benzoyl-4-methylpyrrol idin-3-yl]-1
-cyclopentyl-1 ,5- dihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pynm idin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[3-
(trifluoromethyl)benzyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pypmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(qu
inohn-2-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(qu inol
in-4-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
i-cyclopentyl- - -trans -methyl- i - tpfluoromethylJpy
pdin-Syl] methyl}pyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1 -(qu inoxal
in-2- ylmethyl)pyrrol idin-3-yl]-1 5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1 -(qu inoxal
in-6- ylmethyl)pyrrol idin-3-yl]-1 5-d
ihydro-4H-pyrazolo[3 4-d]pyr
imidin-4-one,1-cyc!opentyl-6-[(3,4-trans)-4-methyl-1-(
py pmidin-5-ylmethyl)pyrrol idin- 3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-tra ps)-1 ,4-d imethylpyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(2,2,2-tr
ifluoroethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(2-methylpy
pdin-3- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(qu inol
in-8-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(qu inol
in-3-ylmethyl)pyrrol idin-3- yl]-1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1 -[(6-methylpyr
idin-3- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-benzyl-4- isopropylpyrrol idip
-3-yl]-1-cyclopentyl-1 ,5-
dihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-1-benzyl-4-methylpyrrolidin-3-yl]-1-cyc
lopentyl-3-methyl- I .S-dihydro^H-pyrazolo -d
pypmidin^-one, 1-cyclQpentyl-6-[(3S,4S)-4-methyl-1-(qu
inoxal in-6-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(2-phenylethyl
)pyrrol idin-3-yl]- 1,5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one
1-cyclopentyl-6-{(3,4-trans)-1-[(6-methoxypyr
idin-3-yl)methyl]-4- methylpyrrol idin-3-yl}-1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
i-cyclopentyl-e-^S^-transJ^-methyl-i-Cpy
pdin^-ylmethylJpyrrolidin-Syl]- 1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr ipnidin-4-o pe,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1 -[(3-methylpy
pdin-2- yl)methyl] ryrrol idin-3-y]}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-o pe,
6-[(3,4-trans)-1-benzyl-4-ethylpyrrol
idin-3-yl]-1-cyclopentyl-1 ,5-dihydro-
4H-pyrazolo[3,4-d]py
pmidin-4-one,6-[(3,4-trans)-1-benzyl-4-cyclopropylpyrr
ol idin-3-yl]-1-cyclopentyl-1 ,5-
dihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-1 -benzyl-4-methylpyrrol idin-3-yl]-1
-isopropyl-1 ,5-d ihydro- 4H-pyrazolo[3,4-d]pynm
idin-4-one, 6-[(3S,4S)-1-benzyl-4-methylpyrrol
idin-3-yl]-1- isopropyl-1 ,5-d ihydro-
4H-pyrazolo[3,4-d]pyr imidip -4-one, 1-
isopropyl-6-[(3,4-trans)-4-methyl-1-(qu inol
in-2-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-isopropyl-6-[(3,4-trans)-4-methyl-1-(qu inoxal
in-6-ylmethyl)pyrrol idin- 3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one, 1-
isopropyl-6-[(3,4-trans)-4-methyl-1-(qu
inolin-3-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-1-benzyl-4-(t pfluoromethyl)pyrrol
idin-3-yl]-1-cyclopentyl- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one, 1-
isopropyl-6-[(3S,4S)-4-methyl-1-(qu inoxal
in-6-ylmethyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one, 1-
isopropyl-6-[(3S,4S)-4-methyl-1-(qu inol
in-3-ylmethyl)pyrrol idin-3-yl]- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-ope ,
1-cyclopentyl-6-{(3S,4S)-4-methyl-1 -[(5-methylpyraz
in-2- yl)methyl]pyrrol idip -3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-1-benzyl-4-ethylpyrrol idin-3-yl]-1-
isopropyl-1 ,5-d ihydro- 4H-pyrazolo[3,4-d]pyr imidip
-4-one, 6-[(3S,4S)-1-benzyl-4-ethylpyrrol
idin-3-yl]-1- isopropyl-1 ,5-d ihydro-4Hpyrazolo[
3,4-d]py pmidin-4-one, 1-
isopropyl-6-{(3S,4S)-4-methyl-1-[(2-methylpy pmidin-5-
yl)methyl]pyrrol idin-3-yl}-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one, 6-(1
-benzylpyrrol idin-3-yl)-1 -cyclopentyl-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]py pmidin-4-one, 1-
isopropyl-6-{(3S,4S)-1-[(6-methoxypy
pdin-3-yl)methyl]-4- methylpyrrol idip -3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one,6-[(3,4-trans)-4-ethyl-1-(qu inol
in-3-ylmethyl)pyrrol idin-3-yl]-1- isopropyl- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3,4-trans)-4-ethyl-1-[(6-methoxypyndin-3-yl)methyl
]pyrrolidin-3-yl}- 1- isopropyl-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-4-ethyl-1-(qu inoxalip
-6-ylmethyl)pyrrol idin-3-yl]-1- isopropyl-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3S,4S)-1-[(1 ,3-d
imethyl-1H-pyrazol-5-yl)methyi]-4- methylpyrrol
idin-3-yl}-1 ,5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one;
1-cyclopentyl-6-[(3S,4S)-4-methyl-1-{4,5,6,7-tetrahydr
opyrazolo[1 ,5- a]pypdin-3-ylmethyl)pyrrol
idin-3-yl]-1 5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4- one,
1-cyclopentyl-6-{(3S,4S)-4-methyl-1-[(1-methyl-1H-benz
imidazol-2- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one; 1-
isopropyl-6-{(3S,4S)-4-methyl-1-[(5-methylpyraz in-2-
yl)methyl]pyrrol idip -3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one;
6-[(3S,4S)-1-(c innol in-3-ylmethy!)-4-methylpyrrol
idin-3-yl]-1- cyclopentyl-1
,5-dihydro-4H-pyrazolo[3,4-d]pynmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(qu
inoxalin-6-ylmethyl)-4- (tpfluoromethyl)pyrrol
idin-3-yl]-1 ,5-dihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one,
1-cyclopentyl-6-{(3S,4S)-4-methyl-1-[(2-methylpyr
imidin-4- yl)methyl]pyrrol idin-3-yi}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one;
i-cyclopentyl-e-KSS^SJ-i-i^^dimethylaminoJpy
pmidin^-yllmethylMmethylpyrrol idin-3-yl]-1 ,5-d
ihydro^4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-cyclopropyl-1-[(5-methy
lpyraz in-2- yl)methylJpyrrolidin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one, 1-cyclope
ptyl-6-[(3,4-trans)-4-cyclopropyl-1 -(qu ip oxal in-6-
ylmethyl)pyrrolidin-3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one;
1-cyclopeptyl-6-[(3,4-trans)-4-cyclopropyl-1-methylpyr
rol idin-3-yl]-1 ,5- dihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one, 6-[(3,4-trans)-1 -benzyl-4-methylpyrrol
idin-3-yl]-1-ethyl-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one,6-{(3,4-trans)-4-ethyl-1-[(2-methylpy
pmidin-5-yl)methyl]pyrrol idin-3-yl}- 1-isopropyl-1
,5-d ihydro-4H-pyra2 qlo[3,4-d]pypmidin-4-one,
6-[(3,4-trans)-1-benzyl-4-methylpyrrolid
in-3-yl]-1-(tetrahydro-2H-pyran- 



4-yl)-1 ,5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one, 6-[(3S,4S)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4- yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-1-benzyl-4-(2,2,2-tr
ifluoroethyl)pyrrol idin-3-yl]-1- cyclopentyl-1
,5-dihydro-4H-pyra2olo[3,4-d]pyrimidin-4-one,
6-[(3,4-trans)-1-benzyl-4-methylpyrrol idip
-3-yl]-1-(4,4- difluorocyclohexyl)-1
,5-dihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-(2,2,2-t pfluoroethyl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip-4-one, 1-
isopropyl-6-[(3S,4S)-4-methyl-1-(1 ,5-paphthyr idin-4-
ylmethyl)pyrrol idin-3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pyr imidin-4-ope ,
1-isopropyl-6-[(3S,4S)-4-methyl-1 -(1 ,8-naphthyr
idin-4- 1-isopropyl-6-[3S,4S)-4-methyl-1-(qu
inolin-4-ylmethyl)pyrrol idin-3-yl]- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-isopropyl-6-[(3S,4S)-4-methyl-1-(py pdo[2,3-b]pyraz
in-8- ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazo[o[3,4-d]py pmidin-4-one,
1-isopropyl-6-{(3,4-trans)-1 -[(6-methoxy-1 ,5-naphthy
pdin-4-yl)methyl]- 4-methylpyrrohd in-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one,
6-{(3,4-trans)-1-[(8-fluoroqu
ipolin-2-yl)methyl]-4-methylpyrrol idin-3-yl}- 1-
isopropyl-1 ,5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one, 1-isopropyl-6-{(v)- 1-[(6-methoxyqu inol
ip -4-yl)methyl]-4-methylpyrrol idin- 3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-cyclobutyl-1 ,5-d ihydro-
4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3S,4S)-4-methyl-1-[(2-methylpy
pmidin-5-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyra p-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one,6-{(3,4-trans)-4-ethyl-1-[(2-methylpyr
imidin-5-yl)methyl]pyrrol idin-3-yl}-
1-(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3S,4S)-4-methyl-1-[(5-methylpyraz
in-2-yl)rriethyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3S,4S)-1-[(6-methoxypyr
idin-3-yl)methyl]-4-methylpyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-4-methyl-1-(qu inol in-3-ylmethyl)pyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr irti idin-4-one,
6-{(3S,4S)-4-methyl-1-[(2-methylpy pmidip
-4-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one;
6-{(3S,4S)-4-methyl-1-[(6-methylpy
pdin-3-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-4-methyl-1-{[6-(tr ifIuoromethyl)pyr
idin-3-yl]methyl}pyrrol idin-
3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4- one,
6-{(3S,4S)-4-methyl-1-[(1 -methyl-1 H-imidazo[4,5-c]py
pdin-2- yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one,
6-{(3S,4S)-1-[(1 ,3-d
imethyl-1H-pyrazol-5-yl)methyl]-4-methylpyrrol idin-
3-yl}-1-(tetrahydro-2H-pyran-4-yl)-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4- one,
1-cyclobutyl-6-{(3,4-trans)-4-methyl-1-[(2-methylpyr
imidin-5- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-1-(2,1 ,3-benzoth iad
iazol-5-ylmethyl)-4-methylpyrrol idin-3- yl]-1
-(tetrahydro-2H-pyran-4-yl)-1
5-dihydro-4H-pyrazolo[3,4-d]py pmidin-4- one,
6-[(3S,4S)-4-methyl-1-(qu ip oxal in-2-ylmethyl)pyrrol
idin-3-yl]-1- (tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-4-methyl-1-(qu inol in-4-ylmethyl)pyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazo]o[3,4-d]pyr
imidin-4-one,6-[(3S,4S)-4-methyl-1-(pyr
idip-2-ylmethyl)pyrrol idin-3-yl]-1-(tetrahydro-
2H-pyran-4-yl)-1,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidip -4-one, 6-[(3S,4S)-1-benzyl-4-methylpyrrol
idin-3-yl]-3-methyl-1 -(tetrahydro-2Hpyran- 4-yl)-1
,5-d ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3S,4S)-1-(3-fluorobenzyl)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyra p-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3S,4S)-1-(35-d ifluorobenzyl)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3S,4S)-4-methyl-1-[4-(tr
ifluoromethyl)benzyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-benzyl-4-ethylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4- yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-1-benzyl-4-ethylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
3-methyl-6-[(3S,4S)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-o pe,
3-methyl-6-{(3S,4S)-4-methyl-1-[(2-methylpy pmidin-5-
yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one,
6-{(3S,4S)-1-[(6-methoxypyr
idin-3-yl)methyl]-4-methy]pyrrol idin-3-yl}-3-
methyl-1-(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pynm idin- 4-one,
6-{(3S,4S)-4-methyl-1-[(6-methylpyr
idin-2-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-1
-(4-fluorobenzyl)-4-methylpyrrohdin-3-yl]-1
-(tetrahydro-2Hpyran- 4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3 4-d]py pmidin-4-one,
6-[(3S,4S)-1-(2-fluorobenzyl)-4-methylpyrrol
idin-3-yl]-1 -(tetrahydro-2Hpyran- 4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3S,4S)-4-methyl-1-[2-(t
pfluoromethyl)benzyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d ihydro-4H-pyrazolo[3
4-d]py pmidin-4-one,6-[(3S 4S)- 1-(2,4-d
ifluorobenzyl)-4-methylpyrrol idip -3-yl]-1
-(tetrahydro- 2H-pyran-4-yl)-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one, 6-[(3S
4S)-1-(4-methoxybenzyl)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2H-th iopyran- 4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3S,4S)-1-(2-methoxybenzyl)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidip -4-one,
6-[(3S,4S)-1-(3-methoxybe pzyl)-4-methylpyrrol
idin-3-yl3-1-{tetrahydro- 2H-pyra p-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-{(3S,4S)-4-methyl-1-[3-(tnfluoromethyl)benzyl]pyrrol
idin-3-yl}-1- (tetrahydro-2H-pyra p-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3S,4S)-1-(26-d ifluorobe pzyl)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-{(3S,4S)-4-ethyl-1-[(5-methylpyraz
in-2-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d ihydro-4H-pyrazolo[3
4-d]py pmidin-4-one,
6-{(3S,4S)-4-ethyl-1-[(6-methoxypy
pdin-3-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr irr i idin-4-one,
6-[(3S,4S)-4-ethyl-1-(py pdip -2-ylmethyl)pyrrol
idin-3-yl]-1-(tetrahydro- 2H-pyrap-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3S,4S)-4-ethyl-1-(qu ipoxalin-2-ylcarbonyl)pyrrol
idin-3-yl]-1- (tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3S,4S)-4-methyl-1-(pyr imidin-2-ylmethyl)pyrrol
idip -3-yl]-1- (tetrahydro-2H-pyra p-4-yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
2-({(3S,4S)-3-ethyl-4-[4-oxo-1-(tetrahydro-2H-pyran-4-
yl)-45-dihydro- 



1H-pyrazolo[3,4-d]py pmidin-6-yl]pyrrol
idin-1-yl}methyl)benzon itrile,
3-({(3S,4S)-3-ethyl-4-[4-oxo-1-(tetrahydro-2H-pyran-4-
yl)-45-d ihydro- 1H-pyrazolo[3,4-d]py
pmidin-6-yl]pyrrol idin-1-yl}methyl)benzon itple,
4-({(3S,4S)-3-ethyl-4-[4-oxo-1-(tetrahydro-2H-pyran-4-
yl)-45-d ihydro- 1H-pyrazolo[3 4-d]py pmidip
-6-yl]pyrrol idin-1-yl}methyl)be pzop
itrile,1-cyclopentyl-6-{(3,4-trans)-4-methyl-1 -[3-(1
H-pyrazol-1 - yl)benzyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1 -[(2-methylpy
pdin-4- yl)methyl]pyrrolidin-3-yl}-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one,
6-[(3,4-trans)-1-(2-chloro-6-fluorobenzyl)-4-methylpyr
rol idin-3-yl]-1- cyclopentyl-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopeptyl-6-[(3,4-trans)-1-(2,3-d imethylbe
pzyl)^-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[2-(d
ifluoromethoxy)benzyl]-4- methyl ryrrol idin-3-yl}-1
,5-d ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one
1-cyclopentyl-6-{(3,4-trans)-1-[(2-ethoxypy
pdin-3-yl)methyl]-4- methylpyrrol idin-3-yl}-1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(4,5,6,7-tetra
hydropyrazolo[1 ,5-
a]pyridin-3-ylmethyl)pyrrolidin-3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4- one,
1-cyclopentyl-6-[(3,4-tra ps)-1-(2,3-d ihydro-1
,4-benzod ioxin-6-ylmethyl)- 4-methylpyrrol
idin-3-yl]-1 ,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one, 1-cyclopentyl-6-{(3,4-trans)-1-[4-(1
H-imidazol-1-yl)benzyl]-4- methylpyrrol idin-3-yl}-1
,5-d ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,5-d
ichlorobenzyl)-4-methylpyrrol id[n-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d] rypmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(4-methoxy-3-methylbenz
yl)-4- methylpyrrol idip -3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,3-d
ihydro-1-benzofuran-7-ylmethyl)-4- methylpyrrol
idin-3-yl]-1,5-d ihydro-4H-pyrazolo[3,4-d]pyr imidip
-4-ope, 1-cyclopentyl-6-[(3,4-trans)-1-(2,3-d
ifluorobenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(5-fluoro-2-methoxybenz
yl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3 4-d]pyr imidin-4-ope ,
1-cyclopeptyl-6-[(3,4-trans)-1-(2-fluoro-4-methoxybenz
yl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py
pmidin^-one,1-cyclopentyl-6-[(3,4-trans)-1-(3-fiuoro-4
-methylbenzyl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-ope ,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(2-methyl-1
,3-th iazol-5- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[(4- isopropyl-1 ,3-th
iazol-2-yl)methyl]-4- methylpyrrol idip -3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-ope ,
1-cydopentyl-6-{(3,4-trans)-1-[(1,3-dimethyl-1
H-pyrazol-5-yl)methyl]-4- methylpyrrol idin-3-yl}-1
,5-d ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-ope,
1-cyclopentyl-6-[(3,4-trans)-1-(2,3-d
ifluoro-4-methylbenzyl)-4- methylpyrrol idin-3-yl]-1
,5-d ihydro-4H-pyrazolo[3,4-d]pyr imidin^l-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-{[6-(1
H-pyrazol-1-yl)pyridin-2- yl]methyl}pyrrol]d
in-3-yl]-1,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one, 1-cyclopentyl-6-[(3,4-tra
ps)-4-methyl-1-(4-methylbenzyl)pyrrol idin-3-yl]-
1,5-d ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(2-naphthylmet
hyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[(2-methoxypy
pdin-3-yl)methyl]-4- methyl ryrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-tra
ps)-1-(2-ethoxybenzyl)-4-methylpyrrol idin-3-yl]-
1,5-d ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[4-(1 H-1
,2,4-tr iazol-1-
1-cyclopentyl-6-[(3,4-trans)-1-(3-methoxy-4-methylbenz
yl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(1-naphthylmet
hyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-o pe ,
1-cyciopentyl-6-[(3,4-trans)-1-(3-fluoro-4-methoxybenz
yl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,5-d imethoxybe
pzyl)-4-methylpyrrol idin- 3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pynmidin-4-one,1-cyclopen
tyl-6-{(3,4-trans)-4-methyl-1-[(5-methyl isoxazol-3-
yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2-fluoro-6-methoxybenz
yl)-4- methyl ryrrol idin-3-yl]-1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,4-d
ifluorobenzyl)-4-methylpyrrol idin-3- y]]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(4-fluoro-3-methoxybenz
y[)-4- methyl ryrrol idin-3-yl]-1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,3-d ihydro-1
,4-benzod ioxin-5-ylmethyl)- 4-methyl ryrrol
idin-3-yl]-1 ,5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one,
6-[(3,4-trans)-1-(2-chloro-4-fluorobenzyl)-4-methylpyr
rolidin-3-yl]-1- cyclopentyl-i,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidip -4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,4-d
imethylbenzyl)-4-methylpyrrol idip -3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3,5-d imethoxybe
pzyl)-4-methylpyrrol idin- 3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3-ethoxybe
pzyl)-4-methylpyrrol idin-3-yl]- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one,
6-[(3,4-trans)-1-(4-chloro-2-fluorobenzyl)-4-methylpyr
rol idin-3-yl]-1- cyclopentyl-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
3-{[(3,4-trans)-3-(1-cyclopentyl-4-oxo-4,5-d ihydro-1
H-pyrazolo[3,4- d]pyrimidin-6-yl)-4-methylpyrrol
idin-1-yl]methyl}benzon itrile,
1-cyclopentyl-6-[(3,4-trans)-1-(2,5-d
ifluorobenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one,
2-{[(3,4-trans)-3-(1-cyclopentyl-4-oxo-4,5-d ihydro-1
H-pyrazolo[3,4- d]pyrimidin-6-yl)-4-methylpyrrol
idin-1-yl]methyl}benzon itrile,
6-[(3,4-trans)-1-(3-chloro-4-fluorobenzyl)-4-methylpyr
rohdin-3-yl]-1- cyclopentyl-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[4-(d
ifluoromethoxy)benzyl]-4- methylpyrrolidin-S-ylJ-I
.S-dihydro^H-pyrazoloCS^-djpy
pmidin^-one,1-cyclopeptyl-6-[(3,4-trans)-4-methyl-1-(3
-methylbenzyl)pyrrol idin-3-yl]- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidip -4-one, 1-cyclope
ptyl-6-[(3,4-trans)-1-(3,4-d ifluorobe
pzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,5-d
imethylbenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-(3-chloro-2-fIuorobenzyl)-4-methylpyr
rolidin-3-yl]-1- cyclopentyl-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-tra
ps)-1-(2,3-d[chlorobenzyl)-4-methylpyrrol idin-3-
yl]-1 ,5-d ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1 -(1 ,3-th
iazol-2- ylmethyl)pyrrol idin-3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3-fluoro-2-methylbenzy
l)-4- methyl ryrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-tra ps)-4-methyl-1-[(2-methylpy
pmidip -5- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[(2-ethylpy
pmidin-5-yl)methyl]-4- 



methylpyrrol idin-3-y[}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one
1-cyclopentyl-6-[(3,4-trans)-1-(4- isopropylbe
pzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolof3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[(1-ethyl-1
H-pyrazol-4-yl)methyl]-4- methyl ryrrol idin-3-yl}-1
,5-d ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-tra ps)-1-[(4-methoxypyr
idin-3-yl)methyl]-4- methylpyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopeptyl-6-[(3,4-tra ps)-1-(
isoxazol-5-ylmethyl)-4-methylpyrrol idin- 3-yl]-1 ,5-d
ihydro^H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(4-ethoxybenzyl)-4-meth
ylpyrrol idip -3-yl]- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-{[6-(1 -hydroxy-
1-methylethy l)pypdin-3- yl]methyl}-4-methylpyrrol
idin-3-yl]-1 ,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4- one1-cyclopentyl-6-{(3,4-trans)-1-[(2,2-d
imethyl-2,3-d ihydro-1-benzofuran-
5-yl)methyl]-4-methylpyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin- 4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3,4-d
imethoxybenzyl)-4-methylpyrrol idin- 3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1
-[(5-methylpyraz in-2- yl)methyl]pyrrol idin-3-yl}-1
,5-dihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one;
1-cyclopentyl-6-[(3,4-trans)-1-( imidazo[1 ,2-a]pyr
idin-2-ylmethyl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(2-phenyl-1
,3-oxazol-4- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one;
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(2-methylbenzy
l)pyrrol idin-3-yl]- 1,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4-o pe, 1-cyclopentyl-6-[(3,4-trans)-1-(2-
isopropoxybenzyl)-4-methylpyrrol idin- 3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-(c innol
in-3-ylmethyl)-4-methylpyrrol idin-3-yl]-1- cyclope
ptyl-1 ,5-d ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-ope,
1-cyclopentyl-6-{(3,4-trans)-1-[3-(d
ifluoromethoxy)benzyl]-4- methylpyrrolidin-3-yl}-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrirriidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(4-fluoro-3-methylbenzy
l)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1 -[4-(1
H-pyrazol-1- yl)benzyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[(2,7-d imethyl
imidazo[1 ,2-a]py pdin-3- yl)methylJ-4-methylpyrrol
idip -3-yl}-1 5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4- one, 1-cyclopentyl-6-[(3,4-trans)-1-(3,5-d
ichlorobenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-o pe ,
1-cyclopentyl-6-[(3,4-trans)-1-(4-
isopropoxybenzyl)-4-methylpyrrol idin- 3-yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one,1-cyclope
ntyl-6-[(3,4-trans)-1-{[2-(1-hydroxy-1-methylethyl)pyr
idin-4- yl]methyi}-4-methylpyrrol idip -3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4- one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(4,5,6,7-tetra
hydro-1 ,3- benzoth iazol-2-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4H-pyrazolo[3,4-
d]pypmidin-4-one, 1-cyclopentyl-6-[(3,4-trans)-1-(mes
itylmethyl)-4-methylpyrrol idin-3-yl]-
1,5-dihydro-4H-pyrazolo[3,4-d]py pmidip -4-ope ,
1-cyclopentyl-6-[(3,4-trans)-1-(2,6-d
ichlorobenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
4-{[(3,4-trans)-3-(1-cyclope ptyl-4-oxo-4,5-d ihydro-1
H-pyrazolo[3,4- d]pypmidip -6-yl)-4-methylpyrrol
idin-1-yl]methyl}be pzon itrile;
1-cyclopentyl-6-[(3,4-trans)-1-(2-fluoro-5-methoxybenz
yl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,6-dimethylbenzyl)-4-
methylpyrrohdin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
i-cyclopentyl-
b-ffS^-trans^i-^-methoxy-S^-dimethylpyndin^-
yl)methyl]-4-methylpyrrol idin-3-yl}-1 5-d
ihydro-4H-pyrazolo[3,4-d]py pmidip -4- one,
1-cyclopentyl-6-[(3,4-trans)-1-(3,5-d
imethylbenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3,4-d
imethylbenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py p in idin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(1-methyl-1
H-benz imidazol-2- yl)methyl]pyrrol idin-3-yl}-1
,5-dihydro-4H-pyrazolo[3,4-d]py pmidip -4-one;
1-cyclopentyl-6-{(3,4-tra
ps)-4-methyl-1-[(4-methyl-3,4-d ihydro-2H-1 ,4-
bepzoxaz in-7-yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(3-phenylpropy
l)pyrrol idin-3-yl]- 1,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one,1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[
2- (tpfluoromethyl)benzyl]pyrrohd in-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pyr imidip -4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1-(4,4,4-t
pfluorobutyl)pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3-methoxybenzyl)-4-
pnethylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(cyclopentylmethyl)-4-m
ethylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,4-d
imethoxybenzyl)-4-methylpyrrol idin- 3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[4-(morphol
in-4- ylmethyl)benzyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-(2,1 ,3-benzoth
iadiazol-5-ylmethyl)-4-methylpyrrol idin-3- yl]-1
-cyclopentyl-1 ,5-d ihydro-4H-pyrazolo[3,4-d]py pmidip
-4-one,
6-{(3,4-trans)-1-[2-(benzyloxy)ethyl]-4-methylpyrrol
idin-3-yl}-1- cyclopentyl-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,6-d ifluorobe
pzyl)-4-methylpyrrol idip -3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2-methoxybenzyl)-4-met
hylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(3,5,6-tr
imethylpyraz ip -2- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2,4-d
ichlorobenzyl)-4-methylpyrrol idin-3- yl]-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-4-methyl-1 -(5,6,7,
8-tetrahydro-4Hpyrazolo[ 1 ,5-a]a2ep
in-3-ylmethyl)pyrrol idip -3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]py pmidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3-fluorobenzyl)-4-meth
ylpyrrohd in-3-yl]- 1,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidip -4-o pe ,1-cyclopenty[-6-[(3,4-trans)-1-(2,3-d
ihydro-1-be pzofuran-5-ylmethyl)-4- methyIpyrrol idip
-3-yl]-1 ,5-dihydro-4H-pyrazolo[3,4-d]py pmidip-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2-methoxy-5-methylbenz
yl)-4- methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(2-fluorobenzyl)-4-meth
ylpyrrol idin-3-yl]- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one,
6-[(3,4-trans)-1-(2-chlorobenzyl)-4-methylpyrrol
idin-3-yl]-1-cyclopentyl- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one, 



1-cyclopentyl-6-[(3,4-trans)-1-(3,4-d
ichlorobenzyl)-4-methylpyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
6-[(3,4-trans)-1-(2,1 ,3-benzoth
iadiazol-4-ylmethyl)-4-methylpyrrol idin-3-
yl]-1-cyclopentyl-1 ,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(2-pro pylpy
pmidin-5- yl)methyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-1-[(1-ethyl-1
H-pyrazol-5-yl)methyl]-4- methylpyrrol
idin-3-yl}-1,5-d ihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[2-
(tpfluoromethoxy)benzyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]py pmidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[4-
(trifluoromethyl)benzyl]pyrrol idin-3-yl}-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pyr imidin-4-one,
1-cyclopentyl-6-{(3,4-trans)-4-methyl-1-[(1-methyl-1
H-imidazo[4,5- cJpyridin^-yOmethylJpyrrolidin-S-ylJ-I
.S-dihydro^H-pyrazolotS^-dlpynmidin- 4-one,
1-cyclopentyl-6-[(3,4-trans)-1-(3,5-d
ifluorobenzyl)-4-methy]pyrrol idin-3- yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one, or
1-cyclopentyl-6-[(3,4-trans)-1-(5,6-d
ihydro-4H-pyrrolo[1 ,2-b]pyrazol-3-
ylmethyl)-4-methylpyrrol idin-3-yl]-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4- one, or a
pharmaceutically acceptable salt thereofThe compounds
of the invention have been surprising found to show
pharmacological activity including in selectively
inhibiting PDE9 that makes them suitable for the
treatment, prevention and/or control of in treating
conditions that may be regulated or normalized by
inhibition of PDE9 The compounds and intermediates of
the present invention may be named according to either
the IUPAC (International Union for Pure and Applied
Chemistry) or CAS (Chemical Abstracts Service,
Columbus, OH) nomenclature systems Definitions Certain
terms used herein are generally defined as follows 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 Thus for
example, (Ci- C6)alkyl refers to an alkyl group of one
to six carbon atoms inclusive The term "alkoxy" refers
to a straight or branched, monovalent, saturated
aliphatic hydrocarbon radical bonded to an oxygen atom
that is attached to a core structure Examples of
alkoxy groups include methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, fert-butoxy, pentoxy,
and the like The term "alkyl" means a saturated
monovalent straight or branched aliphatic hydrocarbon
radical Examples of alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
sec-butyl, pentyl, isopentyl, neopentyl, hexyl,
isohexyl, and the like The term "alkenyl" means a
partially unsaturated straight or branched aliphatic
hydrocarbon radical having one or more double bonds
Examples of alkenyl groups include ethenyl (also known
as "vinyl"), allyl, 1-propenyl, isopropenyl,
n-butenyl, n-pentenyl, and the like The term "alkenyl"
embraces radicals having "as" and "trans"
orientations, or alternatively, "Z' and "F
orientations The term "alkynyl" means a partially
unsaturated straight or branched aliphatic hydrocarbon
radical having one or more double bonds Examples
ofalkynyl groups include 1-propynyl, 2-propynyl (also
known as "propargyl"), 1- butypyl, 2-butynyl,
1-pentynyl, and the like The term "aryl" denotes a
monocyclic or polycyclic aromatic ring system, for
example, anthracenyl, benzyl, fluorenyl, indenyl,
naphthyl, phenanthrenyl, phenyl and the like The term
"aryl" is also intended to include the partially
hydrogenated derivatives of such ring systems, e g .
1,2,3,4- tetrahydronaphthyl The term "aryioxy" denotes
an aryl radical bonded to an oxygen atom that is
attached to a core structure, such as benzyloxy The
term "cycloalkyl" denotes a saturated monocyclic or
bicyclic cycloalkyl group Examples of cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, and the like The
term "halogen" or "halo" represents chlorine, bromine,
fluorine and iodine atoms and radicals The term
"haloalkyl" refers to an alkyl or cycloalkyl
substituent wherein at least one hydrogen radical is
replaced with a halogen radical Where more than one
hydrogen is replaced with halogen, the halogens may be
the same or different Examples of haloalkyl radicals
include tpfluoromethyl, 2,2,2- tpfluoroethyl,
4,4,4-tpfluorobutyl, 4,4-d ifluorocyclohexyl,
chloromethyl, dichloromethyl, tpchloromethyl,
1-bromoethyl, and the like The term "haloalkoxy"
refers to an alkoxy radical in which at least one
hydrogen radical is replaced with a halogen radical
Where more than one hydrogen is replaced with halogen,
the halogens may be the same or different Examples of
haloalkoxy radicals include difluoromethoxy,
trifluoromethoxy, 2,2,2-tpfluoroethoxy, chloromethoxy,
bromomethoxy, and the like The term "heteroaryl" as
used herein includes heterocyclic unsaturated ring
systems containing one or more heteroatoms such as
nitrogen, oxygen, and sulfur If the heteroaryl group
contains more than one heteroatom, the heteroatoms may
be the same or different The heteroaryl radicals may
be bonded via a carbon atom or a heteroatom The term
"heteroaryl" is alsointended to include the partially
hydrogenated derivatives of such ring systems Examples
of heteroaryl groups include furanyl (also known as
"fury!"), imidazolinyl, imidazolyl (also known as " 1
,3-d iazolyl"), indolyl, oxadiazolyl, oxazinyl,
oxazolyl, isoxazolyl, pyranyl, pyrazinyl (also known
as " 1 ,4-d iazinyl"), pyrazolyl (also known as " 1
,2-d iazolyl"), pyrazolinyl, pyrazyl, pyridazinyl
(also known as " 1,2-d iazinyl"), pyridyl (also known
as pypdinyl), pyrimidinyl (also known as "1,3
diazipyl" and "pypmidyl"), pyrralyl, thiadiazinyl,
thiadiazolyl, thiatriazolyl, thiazolyl, isothiazolyl,
thienyl, thiofuranyl (also known as "thiophenyl"),
thiopyranyl, triazinyl, triazolyl, and the like The
term "heteroaryl" also embraces radicals in which 2 or
3 rings are fused together, wherein at least on such
ring contains a heteroatom as a ring atom, including
radicals wherein (a) a heterocycloalkyl ring is fused
with an aryl or heteroaryl ring, or (b) a cycloalkyl
ring is fused with a heteroaryl ring Examples of
2-fused ring heteroaryls include benzodioxinyl,
dihydrobenzodioxinyl, benzofuranyl,
dihydrobenzofuranyl, isobenzofuranyl, bepzimidazolyl,
benzothiadiazolyl, tetrahydrobenzothiadiazolyl,
benzothiazolyl, benzothienyl (also known as
"benzothiophenyl," "thionaphthenyl," and
"benzothiofuranyl"), benzoxazinyl,
dihydrobenzoxazinyl, benzoxazolyl, chromanyl,
isochromanyl, chromenyl, cinnolinyl (also known as
"1,2-benzod iazinyl"), imidazopy pdipy ! (e g
imidazo[1 ,2-a]pyr idinyl or imidazo[4,5-c]pyr
idinyl), indazolyl, indolinyl, isoindolinyl,
indolizinyl, indolyl, isoindolyl, naphthy pdinyl,
oxathiolopyrrolyl, pteridinyl, pthalazinyl, puppyl
(also known as "imidazo[4,5-d]py pmidinyl"),
pyranopyrrolyl, pyrazoloazepi pyl,
tetrahydropyrazoloazepinyl (e g tetrahydropyrazolo[1
,5-a]azep inyl), pyrazolopy pdinyl,
tetrahydropyrazolopyridinyl (e g tetrahydropyrazolo[1
,5- a]pyr idinyl), pyrazolopy pmidinyl (e g
pyrazolo[3,4-d]pyr imidinyl), 



pyridopyrazinyl (e g pypdo[2,3-b]pyraz inyl),
pypdopypdipyl, pyrrolopyrazolyl,
dihydropyrrolopyrazolyl (e g dihydropyrrolo[1
,2-b]pyrazolyl), quinazolinyl (also known as "
1,3-benzod iazinyl"), quinolinyl (also known as
"1-benzaz inyl"), isoquinolinyl (also known as
"2-benzaz inyi") quinolizinyl, quinolyl,
isoquinolyl,quinoxalinyl, dithianaphthalenyl,
thiepofurapyl (e g thieno[3,2-b]furanyl), and the like
Examples of 3-fused ring heteroaryls include acpdinyl,
diazaanthryl, triazaphenanthrene, carbazolyl,
carbolinyl, furocinnolinyl, pepmidinyl, phenanth
pdinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxathunyl, phenoxazinyl, thianthrenyl, xanthenyl,
and the like The term "heterocycloalkyl" denotes a
saturated monocyclic or polycyclic cycloalkyl group,
in which at least one of the carbon atoms is replaced
with a heteroatom such as nitrogen, oxygen or sulfur.
If the heterocycle contains more than one heteroatom,
the heteroatoms may be the same or different The
heterocycloalkyl radicals may be bonded via a carbon
atom or a heteroatom Examples of heterocycloalkyl
groups include azetidinyl, dioxacyclohexyl, 1,3-d
ioxolanyl, imidazolidinyl, morpholinyl, piperazinyl,
pipepdinyl, pyrazolidinyl, pyrrolidinyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, thiazanyl, and the like A
cyclic group may be bonded to another group in more
than one way If no particular bonding arrangement is
specified, then all possible arrangements are intended
For example, the term "pyridyl" includes 2-, 3- or
4-pyr idyl (2-, 3-, or 4-pyr idinyl) The term "mammal"
means animals including, for example, dogs, cats,
cows, sheep, goats, horses and humans Preferred
mammals include humans The term "oxo" means a carbonyl
group formed by the combination of a carbon atom and
an oxygen atom The term "patient" includes both human
and non-human patients The phrase "pharmaceutically
acceptable" indicates that the designated carrier,
vehicle, diluent, 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 term "salts" refers to both organic and inorganic
salts of a compound of Formula (I) Such salts can be
prepared in situ during the finalisolation and
purification of a compound, or by separately reacting
a compound, prodrug or stereoisomer of Formula (I)
with a suitable organic or inorganic acid or base and
isolating the salt thus formed Representative anionic
salts include 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 Representative
cationic salts include sodium, potassium, calcium, and
magnesium salts and the like See generally, e g ,
Berge, et al., J. Pharm. Sc/ , 66, 1-19 (1977) A salt
of a compound of Formula (I) may be readily prepared
by mixing together solutions of a compound of Formula
(I) and the desired acid or base, as appropriate The
salt may precipitate from solution and be collected by
filtration or may be recovered by evaporation of the
solvent The term "radical" denotes a group of atoms
that behaves as a single reactant in a chemical
reaction, e g , an organic radical is a group of atoms
that imparts characteristic properties to a compound
containing it, or which remains unchanged during a
series of reactions or transformations The symbol " -
" represents a covalent bond The phrase
"reaction-inert solvent" or "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 "treat,"
"treating," "treated" or "treatment" as used herein
includes preventative (e g., prophylactic), palliative
or curative uses or results The compounds of Formula
(I) may contain asymmetric or chiral centers and,
therefore, exist in different stereoisomers forms
Those skilled in the art will appreciate that, unless
otherwise specified, all stereoisomers (e g ,
epaptiomers and diastereoisomers, and racemic mixtures
thereof) of the novelcompounds and intermediates
described, illustrated and/or discussed herein are
within the scope of the claimed invention In addition,
unless otherwise specified, the present invention
embraces all geometric and positional isomers The
(3S.4S) enantiomer of the core pyrrolidinyl
configuration is preferred Diasteriome pc mixtures can
be separated into their individual diastereomers on
the basis of their physical chemical differences by
methods well-known to those of ordinary skill in the
art, such as by chromatography and/or fractional
crystallization Enantiomers can be separated by
converting the enantiomeric mixture into a
diastepomepc mixture by reaction with an appropriate
optically active compound (e g , alcohol), separating
the diastereomers and converting (e g hydrolyzing) the
individual diastereomers to the corresponding pure
enantiomers Additional methods include resolution of
racemic mixtures using chiral salts, as well as chiral
chromatography Those skilled in the art will further
recognize that the compounds of Formula (I) can exist
in crystalline form as hydrates wherein molecules of
water are incorporated within the crystal structure
thereof and as solvates wherein molecules of a solvent
are incorporated therein All such hydrate and solvate
forms are considered part of this invention
Practitioners will appreciate that certain compounds
of Formula (I) may exist as tautomeric isomers, i e ,
that equilibrium exists between two isomers which are
in rapid equilibrium with each other A common example
of tautomerism is keto-enol tautomerism, i e , 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 invention unless
otherwise specifiedThe present invention also includes
prodrugs of the compounds of the invention The term
"prodrug" refers to a drug precursor which, following
administration, releases the drug in vivo via a
chemical or physiological process (e g , upon being
brought to physiological pH or through enzymatic
activity) The prodrug may itself be biologically
active, or may be converted to a biologically active
compound (e g by metabolism or hydrolysis) dupng its
residence time in the body A discussion of the
preparation and use of prodrugs is provided by Higuchi
& Stella, "Prodrugs as Novel Delivery Systems' , VoI
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 All prodrugs of the various
compounds of Formula (I) are within the scope of the
present invention The present invention also embraces
isotopically-labeled compounds of Formula (I) that are
identical to those recited herein, 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 Formula (I) include isotopes of hydrogen,
carbon, nitrogen, oxygen, 



phosphorus, fluorine, and chlorine, such as 2H, 3H,
13C, 14C, 15N, 18O, 170 , 3 1P, 32P 35S, 18F and 36CI,
respectively The compounds of Formula (I), and
pharmaceutically acceptable salts thereof, that
contain the aforementioned isotopes and/or other
isotopes of the other atoms are within the scope of
the instant invention Certain isotopically-labeled
compounds of Formula (I), for example those into which
radioactive isotopes such as 3H and 1 C are
incorporated, are useful in drug and/or substrate
tissue distribution assays Tptiated, i e , 3H and 14C
isotopes are particularly preferred for their ease of
preparation and detectability Furthermore,
substitution with heavier isotopes such as deuterium,
i e , 2H, may 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 circumstancesIsotopically-labeled compounds of
Formula (I), and pharmaceutically acceptable salts
thereof, can be generally prepared by carrying out
analogous procedures to those disclosed in the Schemes
and/or in the Examples below, by substituting a
readily available isotopically-labeled reagent for a
nonisotopically labeled reagent The invention also
includes pharmaceutical compositions comprising an
amount of a compound of Formula (I), or a
pharmaceutically acceptable salt of the compound, and
optionally a pharmaceutically acceptable vehicle,
carrier or diluent In a preferred embodiment, the
pharmaceutical composition is of an amount effective
at inhibiting the enzyme PDE9 in a mammal In another
preferred embodiment, the mammal is a human The
present invention includes the use of a combination of
a PDE9 inhibitor compound as provided in Formula (I)
and one or more additional pharmaceutically active
agent(s) If a combination of active agents is
administered, then they may be administered
sequentially or simultaneously, in separate dosage
forms or combined in a single dosage form Accordingly,
the present invention also includes pharmaceutical
compositions comprising an amount of (a) a first agent
comprising a compound of Formula (I) or a
pharmaceutically acceptable salt of the compound, (b)
a second pharmaceutically active agent, and (c) a
pharmaceutically acceptable carrier, vehicle or
diluent Various pharmaceutically active agents may be
selected for use in conjunction with the compounds of
Formula (I), depending on the disease, disorder, or
condition to be treated Pharmaceutically active agents
that may be used in combination with the compositions
of the present invention include, without limitation
(i) acetylcholinesterase inhibitors, such as donepezil
hydrochloride (E2020, ARICEPT, MEMAC), physostigmine
salicylate (ANTIURIUM), physostigmine sulfate
(ESERINE), metpfonate, neostigmine, pyridostigmine
(MESTINON), ambenonium (MYTELASE), demarca pum,
Debio992 (also known as ZT-1 ) , rivastigmine (EXELON)
ladostigil (also known as TV3326),NP-0361 ,
galantamine hydrobromide (RAZADYNE, RIMINYL, NIVALIN),
tacrine (COGNEX), velnacpne maleate, memoqui p,
huperzine A (HUP-A), phense pne, and edrophonium
(ENLON, TENSILON), (ii) amylo id-b (or fragments
thereof), such as A M Sconjugated to pan HLA
DR-binding epitope (PADRE), ACC-001 , ACI-01 , ACI-24,
AN-1792, Affitope AD-01 , CAD106, and V-950, (in)
antibodies to amyloid-b (or fragments thereof), such
as bapineuzumab (also known as AAB-001), AAB-002,
ACI-01-Ab7, BAN-2401 , intravenous Ig (GAMMAGARD),
LY2062430 (humanized m266), PF- 04360365 (also known
as RN-1219), RN-6G, R-1450, ACU-5A5, huC091 , and
those disclosed in International Patent Publication
Nos WO04/032868, WO05/025616, WO06/036291 ,
WO06/069081 , WO06/1 18959, in US Patent Publication
Nos US2003/0073655, US2004/01 92898, US2005/0048049,
US2005/0019328, in European Patent Publication Nos
EP0994728 and 1257584, and in US Patent No 5,750,349,
(iv) amyloid-lowering or -inhibiting agents (including
those that reduce amyloid accumulation and
fibpllization) such as bisnorcymse pne (also known as
BNC) pioglitazone, PBT2, flurbiprofen (ANSAID, FROBEN)
and its Renantiomer tarenflurbil (also known as
MPC-7869, FLURIZAN), nitroflurbiprofen, fenoprofen
(FENOPRON, NALFON), ibuprofen (ADVIL, MOTRIN,
NUROFEN), ibuprofen lysinate, meclofenamic acid,
meclofenamate sodium (MECLOMEN), indomethacin
(INDOCIN), diclofenac sodium (VOLTAREN), diclofenac
potassium, sulindac (CLINORIL), sulindac sulfide,
diflunisal (DOLOBID), naproxen (NAPROSYN), naproxen
sodium (ANAPROX, ALEVE), insulin-degrading enzyme
(also known as insulysi p) , the gingko biloba extract
EGb-761 (ROKAN, TEBONIN), tramiprosate (NC- 758,
CEREBRIL, ALZHEMED), eprodisate (NC-503, FIBRILLEX,
KIACTA), compound W (3,5-b is(4-n itrophenoxy)benzo ic
acid), NGX-96992, neprilysin (also known as neutral
endopeptidase (NEP)), scyllo-inositol (also known as
scyllitol, ELND005, AZD-103), atorvastatin (LIPITOR),
simvastatin (ZOCOR)KLVFF-(EEX)3, and RAGE (receptor
for advanced glycation end-products) inhibitors, (v)
alpha-adrenergic receptor agonists, such as clonidine
(CATAPRES), metaraminol (ARAMINE), methyldopa
(ALDOMET, DOPAMET NOVOMEDOPA), tizanidine (ZANAFLEX),
phenylephrine (also known as neosyneph pne),
methoxamine, cirazoline, guanfacine (INTUNIV),
lofexidine, xylazine, modafinil (PROVIGIL), adrafinil,
and armodafinil (NUVIGIL); (vi) beta-adrenergic
receptor blocking agents (beta blockers), such as
carteolol, esmolol (BREVIBLOC), labetalol (NORMODYNE,
TRANDATE), oxpre polol (LARACOR, TRASACOR), pindolol
(VISKEN), propa polol (INDERAL), sotalol (BETAPACE,
SOTALEX, SOTACOR), timolol (BLOCADREN TIMOPTIC),
acebutolol (SECTRAL, PRENT), nadolol (CORGARD)
metoprolol tartrate (LOPRESSOR), metoprolol succinate
(TOPROL-XL), atenolol (TENORMIN), butoxamine, and SR
59230A (Sanofi), (vii) anticholinergics, such as
amitriptyline (ELAVIL, ENDEP), butpptyline,
benztropine mesylate (COGENTIN), trihexyphenidyl
(ARTANE), diphenhydramine (BENADRYL), orphenad pne
(NORFLEX), hyoscyamine, atropine (ATROPEN),
scopolamine (TRANSDERM-SCOP), scopolamine
methylbromide (PARMINE), dicycloverine (BENTYL,
BYCLOMINE, DIBENT, DILOMINE, tolterodine (DETROL)
oxybutynin (DITROPAN, LYRINEL XL, OXYTROL),
penthienate bromide, propantheline (PRO-BANTHINE),
cychzine, imipramine hydrochloride (TOFRANIL),
imipramine maleate (SURMONTIL), lofepramine,
desipramine (NORPRAMIN), doxepin (SINEQUAN, ZONALON),
tpmipramine (SURMONTIL) and glycopyrrolate (ROBINUL)
(ViIi) anticonvulsants, such as carbamazepine
(TEGREXTOL, CARBATROL) oxcarbazepine (TRILEPTAL),
phenytoin sodium (PHENYTEK), fosphenytoin (CEREBYX,
PRODILANTIN), divalproex sodium (DEPAKOTE), gabapentin
(NEURONTIN), pregabalin (LYRICA), topi pmate
(TOPAMAX), valproic acid (DEPAKENE), valproate sodium
(DEPACON), 1- benzyl-5-bromourac il , progabide,
beclamide, and primidone (MYSOLINE),(ix)
antipsychotics, such as lurasidone (also known as
SM-13496), appiprazole (ABILIFY), chlorpromazine
(THORAZINE), halopepdol (HALDOL), flupeptixol
decanoate (DEPIXOL, FLUANXOL), reserpine (SERPLAN),
pimozide (ORAP), fluphenazine decanoate, fluphepazine
hydrochloride, prochlorperazine (COMPRO), asenapi pe,
loxapme (LOXITANE), mesopdazine, molindone (MOBAN),
perphenazine, thioridazine, thiothixene,
trifluoperazine (STELAZINE), clozapine (CLOZARIL),
norclozapine (ACP-104), risperidone (RISPERDAL),
paliperidone (INVEGA), melperone, 



olanzapine (ZYPREXA), quetiapine (SEROQUEL),
sertindole, sulpiride (MERESA, DOGMATYL, SULPITIL),
amisulpride, ziprasidone (GEODON), blonanse pn
(LONASEN), and bifeprunox, (x) calcium channel
blockers such as nilvadipme (ESCOR, NIVADIL),
amlodipine (NORVASC, ISTIN, AMLODIN), felodipine
(PLENDIL), nicardipine (CARDENE), nifedipine (ADALAT
PROCARDIA), MEM 1003 and its parent compound
nimodipine (NIMOTOP), nisoldipine (SULAR),
nitrendipine, lacidipine (LACIPIL, MOTENS),
lercanidipine (ZANIDIP), diltiazem (CARDIZEM),
verapamil (CALAN, VERELAN), and enecadin (also known
as NS-7), (xi) catechol O-methyltransferase (COMT)
inhibitors, such as tolcapone (TASMAR), entacapone
(COMTAN), and tropolone, (xii) central nervous system
stimulants, such as caffeine, phenmetrazine,
phendimetrazine, pemoline, fencamfamine (GLUCOENERGAN,
REACTIVAN), fenethylline (CAPTAGON), pipradol
(MERETRAN), deanol (also known as
dimethylaminoethanol), methylphenidate (DAYTRANA),
methylphemdate hydrochloride (RITALIN),
dexmethylphenidate (FOCALIN), amphetamine (alone or in
combination with other CNS stimulants, e g ADDERALL
(amphetamine aspartate, amphetamine sulfate,
dextroamphetamine saccharate, and dextroamphetamine
sulfate)), dextroamphetamine sulfate (DEXEDRINE,
DEXTROSTAT), methamphetamine (DESOXYN),
lisdexamfetamine (VYVANSE), and benzphetamine
(DIDREX),(XiIi) corticosteroids, such as prednisone
(STERAPRED, DELTASONE), prednisolone (PRELONE),
predisolone acetate (OMNIPRED, PRED MILD, PRED FORTE),
prednisolone sodum phosphate (ORAPRED ODT),
methylprednisolone (MEDROL), methylprednisolone
acetate (DEPOMEDROL), and methylprednisolone sodium
succinate (A-METHAPRED, SOLU-MEDROL), (XIV) dopamine
receptor agonists, such as apomorphine (APOKYN),
bromocriptine (PARLODEL), cabergoline (DOSTINEX),
dihydrexidine, dihydroergocryptine, fenoldopam
(CORLOPAM), lisu pde (DOPERGIN), pergolide (PERMAX),
piribedil (TRIVASTAL, TRASTAL), pramipexole (MIRAPEX)
quinpirole, ropinirole (REQUIP), and rotigotme
(NEUPRO), (xv) dopamine receptor antagonists, such as
tetrabenazine (NITOMAN, XENAZINE) 7-hydroxyamoxap ine,
drope pdol (INAPSINE, DRIDOL, DROPLETAN), domperidone
(MOTILIUM), L-741742, L-745870, raclopride, SCH-23390,
ecopipam, SKF-83566, and metoclopramide (REGLAN) (xvi)
dopamine reuptake inhibitors such as nomifensine
maleate (MERITAL), vanoxe pne (also known as
GBR-12909) and its decanoate ester DBL-583, and
amineptine, (xvii) gamma-amino-butyric acid (GABA)
receptor agonists, such as baclofen (LIORESAL
KEMSTRO), pentobarbital (NEMBUTAL), progabide
(GABRENE), and clomethiazole, (xviii) immunomodulators
such as glatiramer acetate (also known as copolymer-1
, COPAXONE), MBP-8298 (synthetic myelin basic protein
peptide), dimethyl fumarate, fingolimod (also known as
FTY720), roquinimex (LINOMIDE), laquinimod (also known
as ABR-215062 and SAIK-MS), ABT- 874 (human apti-IL-12
antibody), rituximab (RITUXAN), alemtuzumab (CAMPATH),
daclizumab (ZENAPAX), and natahzumab (TYSABRI), (xix)
immunosuppressants such as methotrexate (TREXALL,
RHEUMATREX), mitoxantrone (NOVANTRONE), mycophenolate
mofetil (CELLCEPT) mycophenolate sodium (MYFORTIC)
azathiop pne (AZASAN,IMURAN), mercaptopurine
(PURI-NETHOL), cyclophosphamide (NEOSAR, CYTOXAN),
chlorambucil (LEUKERAN), cladpbine (LEUSTATIN,
MYLINAX), alpha-fetoprotein, etanercept (ENBREL), and
4-benzyloxy-5-((5-undecyl-2Hpyrrol- 2-yl
idene)methyl)-2,2'-b i-1H-pyrrole (also known as
PNU-156804), (XX) interferons, including interferon
beta-1a (AVONEX, REBIF) and interferon beta-1 b
(BETASERON, BETAFERON), (xxi) levodopa (or its methyl
or ethyl ester), alone or in combination with a DOPA
decarboxylase inhibitor (e g carbidopa (SINEMET,
CARBILEV, PARCOPA, V1512), benserazide (MADOPAR),
a-methyldopa, mopofluromethyldopa, difluoromethyldopa,
brocresine, or mhydroxybenzylhydrazme), (xxii)
W-methyl-D-aspartate (NMDA) receptor antagonists, such
as memantine (NAMENDA, AXURA, EBIXA), amantadine
(SYMMETREL), acamprosate (CAMPRAL), besonprodil (also
known as PD-196,860 or Cl- 1041 ) , ketamine
(KETALAR), delucemi pe (also known as NPS 1506),
dexanabinol (also known as HU-21 1) ,
dextromethorphan, dextrorphan, traxoprodil (also known
as CP-101 ,606), himantane, idantadol (also known as
V-3381 ) , lancicemine (also known as AR-R 15896),
levorphanol (DROMORAN), methadone, (DOLOPHINE),
neramexane (also known as MRZ 2/579), perzinfotel,
phencyclidine, tianeptine (STABLON), dizocilpine (also
known as MK-801 ) , ibogaine, voacangine, tiletamme,
riluzole (RILUTEK) aptiganel (CERESTAT), gavestinel,
and remacimide, (xxiii) monoamine oxidase (MAO)
inhibitors, such as selegiline (EMSAM), selegiline
hydrochloride (l-deprenyl, ELDEPRYL, ZELAPAR),
dimethylselegilene, brofaromine, phenelzine (NARDIL),
tranylcypromine (PARNATE), moclobemide (AURORIX
MANERIX), befloxatone, safipamide (also known as
PNU-151774E), isocarboxazid (MARPLAN), nialamide
(NIAMID), rasageline (AZILECT), iproniazide (MARSILID,
IPROZID, IPRONID), iproclozide, toloxatone (HUMORYL,
PERENUM), bifemelane desoxypeganme, harmine (also
known as telepathine or banaste pne),harmalme,
Imezolid (ZYVOX, ZYVOXID), and pargyline (EUDATIN,
SUPIRDYL), (xxiv) muscarinic receptor (particularly M
1 subtype) agonists, such as bethanechol chloride
(DUVOID URECHOLINE), pilocarpine (SALAGEN), NGX267,
arecohne, L-687306, L-689660, furtrethonium iodide
(FURAMON 1 FURANOL), furtrethonium benzensulfonate,
furtrethonium p-toluenesulfonate, McN-A-343, oxotremo
pne, and carbachol (CARBASTAT, MIOSTAT CARBOPTIC),
(xxv) nicotinic receptor agonists, such as
epibatidine, ABT-089, ABT- 594, AZD-0328, R 996 (also
known as MEM-63908), TC-5619, and EVP- 6124, (xxvi)
neuroprotective drugs such as 2,3,4,9-tetrahydro-1/ t
'-carbazol- 3-one oxime, AL-108, ACD3480 (also known
as TC-1734), bis(4-b-Dglucopyranosyioxybenzyl)- 2-
b-D-glucopyranosyl-2- isobutyltartrate (also known as
dactylorhin B or DHB), xahproden (XAPRILA), dimeboline
hydrochloride (DIMEBON), disufenton (NXY-059,
CEROVIVE), arundic acid (ONO-2506, PROGLIA, CEREACT),
citicoline (also known as cytidine 5'-
diphosphocholine), edaravone (RADICUT), AEOL-10150,
AGY-94806 (also known as SA-450 and Msc-1 ) ,
granulocyte-colony stimulating factor (AX-200),
BAY-387271 (also known as KN-387271), DP-b99, HF-0220
(17- b- hydroxyepiandrosterone), HF-0420 (also known
as oligotropin), pyndoxal 5'- phosphate (also known as
MC-1 ) , microplasmin, S-1 8986, pidozotan (also known
as SUN-N4057), NP031 112 , L-seryl-L-meth
ionyl-L-alanyl-L-lysyl-Lglutamyl- glycyl-L-val ine,
and SUN-N8075, (XXVII) norepinephrine (noradrenaline)
reuptake inhibitors, such as atomoxetme (STRATTERA),
doxepin (APONAL, ADAPIN, SINEQUAN), nortriptyline
(AVENTYL PAMELOR, NORTRILEN), amoxapine (ASENDIN,
DEMOLOX, MOXIDIL), reboxetine (EDRONAX, VESTRA),
viloxazine 



(VIVALAN) maprotiline (DEPRILEPT, LUDIOMIL, PSYMION),
bupropion (WELLBUTRIN), and radaxafme,(xxviii) other
PDE9 inhibitors, such as BAY 73-6691 and those
disclosed in US Patent Publication Nos US2003/01
95205, US2004/0220186 US2006/01 11372, and
US2006/0106035, (xxix) other phosphodiesterase (PDE)
inhibitors, including (a) PDE1 inhibitors (e g
vinpocetine (CAVINTON, CERACTIN, INTELECTOL) and those
disclosed in US Patent No 6,235,742), (b) PDE2
inhibitors (e g erythro- 9-(2-hydroxy-3-nonyl)ade pip
e (EHNA), BAY 60-7550, and those described in US
Patent No 6,174,884), (c) PDE4 inhibitors (e g
rolipram, Ro 20-1724, ibudilast (KETAS), piclamilast
(also known as RP73401 ) , CDP840, cilomilast
(ARIFLO), roflumilast, tofimilast, oglemilast (also
known as GRC 3886), tetomilast (also known as
OPC-6535), lipmifast, theophylline (UNIPHYL,
THEOLAIR), arofylline (also known as LAS-31025),
doxofylline, RPR-122818, or mesemb ppe), and (d) PDE5
inhibitors (e g sildenafil (VIAGRA, REVATIO),
tadalafil (CIALIS), varde pafil (LEVITRA, VIVANZA),
udenafil, avanafil, dipyridamole (PERSANTINE), E-4010,
E-4021 , E-8010, zappnast, PF- 489791 , UK-357903,
DA-8159, and those disclosed in International Patent
Applications WO05/049616, WO06/1 20552, and WO07/1
22466), (xxx) quinolines, such as quinine (including
its hydrochloride, dihydrochloride, sulfate, bisulfate
and gluconate salts), chloroquine, hydroxychloroquine
(PLAQUENIL), mefloquine (LARIAM), and amodiaqui pe
(CAMOQUIN, FLAVOQUINE), (xxxi) b-secretase inhibitors,
such as WY-25105, (+)-phenser ine tartrate (POSIPHEN),
LSN-2434074 (also known as LY-2434074), PNU- 33312,
KMI-574, SCH-745966, Ac-rER (N2-acetyl-D-arg
inyl-L-arg inine), loxistatin (also known as E64d),
and CA074Me, (xxxii) g -secretase inhibitors, such as
LY-41 1,575, LY-685,458, ELANG, ELAN-Z, 4-chloro-
L/-[2-ethyl-1(S)- (hydroxymethyl)butyl]benzenesulfo
pamide, (xxxiii) serotonin (5-hydroxytryptam ine) 1A
(5-HTi A) receptor antagonists, such as spiperone,
/ei/o-pindolol, BMY 7378, NAD-299, S(-)-UH- 301 NAN
190, WAY 100635, lecozotan (also known as
SRA-333),(xxxiv) serotonin (5-hydroxytryptam ine) 6
(5-HT ) receptor antagonists, such as mianserin
(TORVOL, BOLVIDON, NORVAL), methiothepin (also known
as metitepme), ritanserin, ALX-1 161 , ALX-1 175,
MS-245, LY-483518 (also known as SGS518), MS-245, Ro
04-6790, RO 43- 68544, Ro 63-0563, RO 65-7199, Ro
65-7674, SB-399885, SB-2141 11, SB- 258510, SB-271046,
SB-357134, SB-699929, SB-271046, SB-742457 and
PRX-07034, (xxxv) serotonin (5-HT) reuptake inhibitors
such as alaproclate, citalopram (CELEXA, CIPRAMIL)
escitalopram (LEXAPRO, CIPRALEX), clomipramine
(ANAFRANIL) duloxetine (CYMBALTA), femoxetine
(MALEXIL), fenfluramine (PONDIMIN), norfenfluramine,
fluoxetine (PROZAC), fluvoxamine (LUVOX), indalpine,
milnacipran (IXEL), paroxetine (PAXIL, SEROXAT),
sertraline (ZOLOFT, LUSTRAL), trazodone (DESYREL,
MOLIPAXIN), venlafaxine (EFFEXOR), zimelidine (NORMUD,
ZELMID), bicifadine, desvenlafaxine (PRISTIQ),
brasofensme, and tesofensine, (xxxvi) trophic factors,
such as nerve growth factor (NGF), basic fibroblast
growth factor (bFGF), peurotroph in-3 (NT-3), brain-de
pved neurotrophic factor (BDNF), and glial-de pved
neurotrophic factor (GDNF), and agents that stimulate
local production of trophic factors, such as
propentofylline, idebenone, and AIT-082 (NEOTROFIN),
and the like The invention also includes methods of
inhibiting PDE9 in a mammal comprising administering
to the mammal in need of such inhibition a PDE9
inhibiting amount of (a) a compound of Formula (I), or
a pharmaceutically acceptable salt thereof, or (b) a
pharmaceutical composition comprising a compound of
Formula (I), or a pharmaceutically acceptable salt
thereof, in a pharmaceutically acceptable vehicle,
carrier or diluent; either alone or in combination
with a second agent as described above The invention
also includes methods of treating conditions mediated
by PDE9 inhibition in a mammal comprising
administering to the mammal in need of such treatment
a therapeutically effective amount of (a) a compound
ofFormula (I), or a pharmaceutically acceptable salt
thereof, or (b) a pharmaceutical composition
comprising a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, in a
pharmaceutically acceptable vehicle, carrier or
diluent, either alone or in combination with a second
agent described above Conditions that may be treated,
controlled or prevented by the methods of the present
invention include diseases and disorders associated
with neurodegeneration such as Alexander disease,
Alper's disease, Alzheimer's disease, amyotrophic
lateral sclerosis (ALS, also known as Lou Gehrig's
disease or motor neuron disease),
ataxia-telangiectasia, Batten disease (also known as
Spielmeyer-Vogt-Sjogren-Batten disease), Binswangers
dementia (subcortical arteriosclerotic
encephalopathy), bipolar disorders, bovine spongiform
encephalopathy (BSE), Canavan disease,
chemotherapy-induced dementia, Cockayne syndrome,
corticobasal degeneration, Creutzfeldt-Jakob disease,
depression, Down syndrome, frontotemporal lobar
degeneration (including frontotemporal dementia,
semantic dementia, and progressive nonfluent aphasia),
Gerstmann-Straussler-Scheinker disease, glaucoma,
Huntmgton's disease (chorea), HIV-associated dementia,
hyperkinesias, Kennedy's disease, Korsakoff's syndrome
(amnesic-confabulatory syndrome), Krabbe's disease,
Lewy body dementia, logopenic progressive aphasia,
Machado-Joseph disease (spinocerebellar ataxia type
3), multiple sclerosis, multiple system atrophy
(olivopontocerebellar atrophy), myasthenia gravis,
Parkinson's disease, Pelizaeus-Merzbacher disease,
Pick's disease, pre senile dementia (mild cognitive
impairment), ppmary lateral sclerosis, primary
progressive aphasia, radiation-induced dementia,
Refsum's disease (phytanic acid storage disease),
Sandhoff disease, Schilder's disease, schizophrenia,
semantic dementia, senile dementia, Shy-Drager
syndrome, spinocerebellar ataxias, spinal muscular
atrophies, Steele-Richardson-Olszewski disease
(progressive supranuclear palsy), tabes dorsahs,
tardive dyskinesia, vascular amyloidosis, and vascular
dementia (multi-infarct dementia)Preferably the
neurodegenerative disease or disorder is Alzheimer's
disease Other conditions and disorders associated with
PDE9 that may be treated or controlled by the methods
of the present invention include disorders of the
urogenital system such as sexual dysfunction,
attention deficit disorder (ADD), attention deficit
hyperactivity disorder (ADHD), diabetes,
cardiovascular disorders or diseases such as systemic
hypertension, pulmonary hypertension, congestive heart
failure, coronary artery disease, atherosclerosis,
stroke, thrombosis, conditions of reduced blood vessel
patency (e g post-percutaneous transluminal coronary
angioplasty), peripheral vascular disease, renal
disease, angina (including stable, unstable, and
variant (Prinzmetal) angina), and any condition where
improved blood flow leads to improved end organ
function The present invention also relates to methods
for promoting neurorestoration and functional recovery
in patients suffering from traumatic or non-traumatic
injury to the brain, spinal cord or peripheral nerves
Traumatic brain injuries include both closed head
injuries (in which the skull is not broken) and open,
or penetrating, head injuries (in which an object
pierces 



the skull and breaches the dura mater), wherein sudden
trauma (e g , accidents, falls, assaults) causes
damage to the brain tissue by tearing, stretching,
bruising, or swelling Causes of non-traumatic brain
injunes include aneurism, stroke, meningitis, oxygen
deprivation due to anoxia, hypoxia, or ischemia, brain
tumor, infection (e.g encephalitis), poisoning,
substance abuse, and the like The present invention is
useful for the treatment of cognitive impairment and
cognitive dysfunction resulting from brain injuries as
well as from neurodegenerative diseases and disorders
The present invention also relates to methods for
preventing the abovedescribed conditions in a mammal,
including human, comprising the steps of administering
to the mammal an amount of (a) a compound of Formula
(I), or a pharmaceutically acceptable salt thereof, or
(b) a pharmaceutical composition comprising a compound
of Formula (I), or a pharmaceuticallyacceptable salt
thereof, in a pharmaceutically acceptable vehicle,
carrier or diluent either alone or in combination with
a second agent as described above, as part of an
appropriate dosage regimen designed to prevent said
condition The present invention also relates to
methods for improving cognitive deficits, including
deficits in perception, concentration, learning,
memory, communication, reasoning, and problem-solving
The appropriate dosage regimen, the amount of each
dose administered and the intervals between doses of
the compound will depend, among others, 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 type and severity of the conditions to be treated
In general, an effective dose for compounds of Formula
(I) or pharmaceutically acceptable salts thereof, is
in the range of from about 0 1 mg to about 3,500 mg
per day For a normal adult human having a body mass of
about 70 kg, a dosage in the range of from about 0 0 1
mg to about 50 mg per kg body mass is typically
sufficient, and preferably from about 0 2 to 2 5 mg
per kg, in single or divided doses daily
Administration may be in single (e g , once daily) or
multiple doses or via constant infusion Some
variability in the general dosage range may be
required depending upon the age and mass of the
subject being treated, the intended route of
administration, the particular compound being
administered, and the like. The determination of
dosage ranges and optimal dosages for a particular
mammalian subject is within the ability of a skilled
person having benefit of the instant disclosure The
compounds of Formula (I) may be administered by a
variety of conventional routes of administration,
including oral, buccal, sublingual, ocular, topical (e
g , transdermal), parenteral (e g , intravenous,
intramuscular, or subcutaneous), rectal,
intracistemal, intravaginal, intraperitoneal,
intravesical, local (e g , powder, ointment, or drop),
nasal and/or inhalation dosage forms or using a
"flash" formulation, / e , allowing the medication
todissolve in the mouth without the need to use water
As will be recognized by one of skill in the art, 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),
or the prodrug thereof, being used, the type of
pharmaceutical compositions being used, the
characteristics of the subject being treated, and/or
the severity of the conditions being treated Methods
of preparing various pharmaceutical compositions with
amounts of active ingredients are known, or will be
apparent in light of this disclosure, to those skilled
in this art See, for example, Remington's
Pharmaceutical Sciences, Mack Publishing Co , Easton,
PA 19th Ed. (1995) Suitable pharmaceutical carriers,
vehicles and diluents for such compositions include
inert solid diluents or fillers, sterile aqueous
solutions and various organic solvents The
pharmaceutical compositions formed by combining a
compound of this invention and pharmaceutically
acceptable carriers, vehicles or diluents are readily
administered in a variety of dosage forms such as
tablets, powders, lozenges, syrups, injectable
solutions and the like Solid dosage forms for oral
administration include capsules, tablets, powders, and
granules In such solid dosage forms, the active
compound is admixed with at least one inert
conventional pharmaceutical excipient (or carrier)
such as sodium citrate, calcium carbonate, or
dicalcium phosphate, or (a) fillers or extenders, such
as for example, starches, lactose, sucrose, mannitol
and silicic acid, (b) binders, such as for example,
carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidone, sucrose and acacia, (c)
humectants, such as for example, glycerol, (d)
disintegrating agents, such as for example, agar-agar,
calcium carbonate, potato or tapioca starch, alginic
acid, certain complex silicates, and sodium carbonate,
(e) solution retarders, such as for example, paraffin,
(f) absorption accelerators, such as for example,
quaternary ammonium compounds, (g) wetting agents,
such as for example, cetyl alcohol and glycerol
monostearate, (h) adsorbents,such as for example,
kaolin and bentonite, and/or (i) lubricants, such as
for example, talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl
sulfate or mixtures thereof In the case of capsules
and tablets, the dosage forms may further comprise
buffering agents Solid dosage forms may be formulated
as modified release and pulsatile release dosage forms
containing excipients such as those detailed above for
immediate release dosage forms together with
additional excipients that act as release rate
modifiers, these being coated on and/or included in
the body of the device Release rate modifiers include,
but are not limited to, hydroxypropylmethyl cellulose,
methyl cellulose, sodium carboxymethylcellulose, ethyl
cellulose, cellulose acetate, polyethylene oxide,
xantha p gum, ammoniomethacrylate copolymer,
hydrogenated castor oil, carnauba wax, paraffin wax,
cellulose acetate phthalate, hydroxypropylmethyl
cellulose phthalate, methacrylic acid copolymer and
mixtures thereof Modified release and pulsatile
release dosage forms may contain one or a combination
of release rate modifying excipients The
pharmaceutical compositions of the invention may
further comprise fast dispersing or dissolving dosage
formulations (FDDFs) The terms dispersing or
dissolving as used herein to describe FDDFs are
dependent upon the solubility of the drug substance
used i e , where the drug substance is insoluble, a
fast dispersing dosage form may be prepared, and where
the drug substance is soluble, a fast dissolving
dosage form may be prepared. Solid compositions of a
similar type may also be employed as fillers in soft
or hard filled gelatin capsules using such excipients
as lactose or milk sugar, as well as high molecular
weight polyethylene glycols and the like Solid dosage
forms such as tablets, dragees, capsules, and granules
can be prepared with coatings and shells, such as
enteric coatings and others well-known to one of
ordinary skill in the art They may also comprise
opacifying agents, and can also be of such composition
that they release the active compound(s) in a delayed,
sustained or controlled manner Examplesof embedding
compositions that can be employed are polymeric
substances and waxes The active compound(s) can also
be in micro-encapsulated form, if appropriate, with
one or more of the above-mentioned excipients Liquid
dosage forms for oral administration include
pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs In addition to the
active compounds, the liquid dosage form may contain
inert diluents 



commonly used in the art, such as water or other
solvents, solubilizing agents and emulsifiers, as for
example, ethanol, isopropanol, ethyl carbonate, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils
(in particular, cottonseed oil, groundnut oil, corn
germ oil, olive oil, castor oil, and sesame seed oil),
glycerol, tetrahydrofurfuryl alcohol, polyethylene
glycols and fatty acid esters of sorbita p, or
mixtures of these substances, and the like In addition
to the active compound(s), the pharmaceutical
composition may further include suspending agents,
such as for example, ethoxylated isostearyl alcohols
polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide,
bentonite, agar-agar, and tragacanth, or mixtures of
these substances, and the like Sweeteners, flavoring,
and perfuming agents may also be included The
pharmaceutical compositions of the invention may
further comprise adjuvants, such as preserving,
wetting, emulsifying and dispersing agents Prevention
of microorganism contamination of the instant
compositions can be accomplished with various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid and the
like. It may also be desirable to include isotonic
agents for example, sugars, sodium chloride and the
like Prolonged absorption of injectable pharmaceutical
compositions may be affected by the use of agents
capable of delaying absorption, for example, aluminum
monostearate and gelatin For parenteral
administration, solutions 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 Theseaqueous 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 of Formula (I) are conveniently delivered in
the form of a solution or suspension from a pump spray
container that /s 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 , dichlorodifluoromethane,
tpchlorofiuorometha pe, 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 Pharmaceutical compositions
of the present invention may also be configured for
treatments in veterinary use, where a compound of the
present invention, or a veterinanly acceptable salt
thereof, or vete pnaply acceptable solvate or pro-drug
thereof, is administered as a suitably acceptable
formulation in accordance with normal veterinary
practice and the veterinary practitioner will
determine the dosing regimen and route of
administration which will be most appropriate for a
particular animal In general, the compounds of Formula
(I), and pharmaceutically acceptable salts thereof,
may be prepared according to the exemplary routes
disclosed in the Schemes and Examples below, as well
as by other conventional preparative procedures known,
or apparent in light of the instant disclosure, to one
of ordinary skill in the art These processes form
further aspects of the inventionSome 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-Aldnch Corporation,
St Louis, MO Unless indicated otherwise, the following
experimental abbreviations have the indicated meanings
The methods disclosed in the instant Schemes and
Examples are intended for purposes of exemplifying the
instant invention only and are not to be construed as
limitations thereonScheme 1 exemplifies multiple ways
to form aliphatic hydrazines that can utilized to
prepare compounds in this patent Ketones can be
converted to the hydrazide imine and reduced with
borane or sodium cyanoborohydride Other reducing
agents can also be utilized The boc group can then be
removed with acid to form the desired hydrazine
intermediate Alternatively aliphatic alcohols can be
converted to boc-protected hydrazines by treatment
with tpphenyl phosphine and di-Nbutyl diazacarboxylate
The boc groups can again be removed with acid to
liberate the hydrazine Aromatic hydrazine synthesis is
well known in the literature by converting anilines to
hydrazines through diazotization chemistry followed by
reduction Scheme 1 The pyrrolidine intermediates can
be formed by coupling alpha-beta unsaturated esters
with N-(methoxymethyl)(phenyl)-N- ((trimethyls
ilyl)methyl)rnethanam ine which is commercially
available by catalysis with acid This chemistry is
exemplified in the experimental section below and also
by numerous literature examples such as Hosomi et al ,
Chem Lett 13(7) 1117-1 120, 1984 The pyrrolidines have
also been synthesized in an enantiomeric pure fashion
by either employing chiral auxiliaries on the ester
(see Nichols et al , Org Lett , 8(7), 1495-1498, 2006)
or by utilizing a chiral benzyl amine in the
cycloaddition chemistry (see Haight et al , Org Proc
Res Dev , 8(6), 897-902, 2004) Scheme 2Hydrazines can
then be coupled in the presence of a base such as
sodium methoxide or tpethylamine with
2-(ethoxymethylene)malonon itple or substituted
variants to afford the desired amino cyano pyrazoles
The cyano group can be oxidized by a variety of
reagent but two conditions have been utilized to
prepare compounds for this patent. Concentrated
sulfuric acid or hydrogen peroxide with ammonium
hydroxide has afforded the amino-amidepyrazoles The
ammo-amide pyrazoles can then be coupled with esters
in the presence of a base such as potassium t-butoxide
with heated The solvent of choice for this reaction
has been tetrahydrofuran and in some cases dehydrating
agents such as molecular sieves can be employed to
improve upon the yields of the coupling. Scheme 3
conditions to provide the secondary amine that is
ready for further functionalization The amine can be
alkylated with alkyl halides in the presence of base
or reductive amination chemistry utilizing a variety
of hydride reducing agents can provide the desired
compounds.Scheme 4 EXAMPLES The Examples below are
intended to illustrate particular embodiments of the
invention and preparations thereto and are not
intended to limit the specification, including the
claims, in any manner Unless otherwise noted, all
reagents employed were obtained commercially EXAMPLE 1
(a) 5-amino-1-(2-methoxyphenyl)-1H-pyrazole-4-carbon
itrile To a solution of 1-(2-methoxyphenyl)hydraz ine
hydrogen chloride (3g, O017 mol) in ethanol (50 mL)
was added 2-(methoxymethylene)malonon itrile ( 1 89 g
, 0 9 eq ) and sodium methoxide ( 1 92g, 2 1 eq) The
reaction mixture 



was heated at reflux for 18h and concentrated The
reaction mixture was partitioned between brine and
ethyl acetate The organic layer was separated, dried
with magnesium sulfate, filtered and concentrated MPLC
Biotage chromatography eluting with 20-60% ethyl
acetate/hexanes afforded the title compound in 53%
yield ( 1 9g) 400 MHz 1H NMR (CDCI3) d 7 64 (m,1 H), 7
40 (m, 2H), 7 08 (m,2H), 4 5 1 (bs 2H), 3 87 (s, 3 H),
MS (M+H m/z = 215 2 ) (b) 5-am
ino-1-(2-methoxyphenyl)-1H- ryrazole-4-carboxam ide To
a solution of 5-am ino-1-(2-methoxyphenyl)-1
H-pyrazole-4- carbonit ple ( 1 53g) in saturated
ammonium hydroxide (30 ml_) was added 30% hydrogen
peroxide solution (6 imL) The reaction stirred for 18h
at ambient temperature and was slowly quenched with 60
ml_ of a saturated sodium sulfate solution The aqueous
layer was extracted with ethyl acetate, dried with
magnesium sulfate, filtered and concentrated MPLC
Biotage chromatography eluting with 2-6%
methanol/methylene chloride provided the title
compound 1 38g (84%) 400 MHz 1H NMR (DMSO) d 7 79 <s,
1 H), 7 42 (m, 1H), 7 25 (d, J=7 5 Hz, 2H), 7 19 (d,
J=8 3 Hz, 2 H), 7 03 (t, J=6 2 Hz, 1H) 5 83 (S,2H), 3
76 (s, 3 H), MS (M+H m/z = 233 2) (c)
(3,4-trans)-methyl
i-benzyl^-methylpyrrolidine-S-carboxylate To a
solution of (E)-methyl but-2-enoate ( 1 6 g) was added
toluene (30 mL) N-(methoxymethyl) (phenyl)-N-((t
pmethyls ilyl)methyl)methanam ine (3 7g) and
tpfluoroacetic acide ( 1 5g) The reaction mixture was
heated at 500C for 18h The reaction mixture was
concentrated, quenched with saturated sodium
bicarbonate, extracted with methylene chloride, dried
with magnesium sulfate, filtered and concentrated
Purification via MPLC chromatography eluting with
20-30% ethyl acetate/hexa pes provided the title
compound ( 1 5g) 400 MHz 1H NMR (CDCI 3) d 7 33-7 20
(m, 5H) 4 15-4 08(m, 1H) 3 66-3 53 (m, 2H), 2 87-2 74
(m, 2H), 2 53-2 44 (m, 2H), 2 23-2 19 (m, 1H), 1 23
(t, =7 1 Hz, 3H), 1 11 (d, J = 6 6 Hz, 3H) (d) 64(3,
4-trans)-1-benzyl-4-methylpyrrol
idin-3-yl1-1-(2-methoxyphenyl)- 1.5-
dihvdro-4H-pyrazolof3.4-diPv pmidin-4-one To
(3,4-trans)-methyl
i-benzyl^-methylpyrrolidine-S-carboxylate (241 mg) and
5-am ino-1-(2-methoxyphenyl)-1 H-pyrazole-4-carboxam
ide (200mg) was added a solution of potassium
t-butoxide in (1M) in THF (4 3 1 mL, 5 eq ) The
reaction mixture was heated at reflux for 16h and
poured into saturated sodium bicarbonate The aqueous
layer was extracted with ethyl acetate, dried with
magnesium sulfate, filtered and concentrated MPLC
Biotage chromatography eluting with 1-4%
methanol/methylene chloride with 0 5% saturated
ammonium hydroxide provided 79mg of the title compound
400 MHz 1H NMR (DMSO) 8 16 (d, J=I 9 Hz 1H), 7 92 (s,
1 H), 7 34 (m, 5H), 7 09 (m, 1H), 6 92 (m, 2H), 3 89
(s 3H) 1 3 84 (m, 1H) 3 7 1 (m, 1H) 3 37 (t, J=9 1 Hz,
1H) 3 09 (m, 1H), 2 85 (m, 1H) 2 65 (m, 1H) 2 47 (m,
1H), 2 03 (m, 2H), 1 19 (el, J=I 1 Hz, 3H) MS (M+H m/z
= 416 1) EXAMPLE 2
6-r(3,4-trans)-1-benzyl-4-methylpyrrol
idin-3-yl1-1-cyclopentyl-1 ,5-d ihvdro-4Hpyrazo!
or3,4-diPv pmidin-4-one Following the procedure for
the preparation of 6-[(3,4-trans)-1-benzyl-
4-methylpyrrol idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazo]o[3,4- d]pypmidin-4-one but
substituting 5-am ino-1-cyclopentyl-1
H-pyrazole-4-carboxamide provided the title compound.
400 MHz 1H NMR (CD3OD) d 8.00 (S, 1H), 7.38-7.23 (m,
5H), 5.14-5.10 (m, 1H), 3.80-3.57 (m, 2H), 3.34 (t, J
= 8.3 Hz, 1H) 2.97 (d, J = 9.9 Hz, 1H), 2.80-2.78 (m,
1H), 2.53-2.49 (m, 1H), 2.41-2.38 (m, 1H), 2.10-1 .89
(m, 7H), 1.70-1 .66 (m, 2H), 1.17 (d, J = 6.6 Hz, 3H).
MS: (M H m/z = 378.1). EXAMPLE 3
6-ff3S,4S)1-benzyl-4-methylpyrrolidin-3-yl]-1-cyclopen
tyl-1 ,5-dih.ydro-4Hpyrazolo[ 3,4-dipyrimidin-4-one
The racemate was separated on Chiralcel OD chiral HPLC
column, Mobile Phase 90/1 0 Heptane/EtOH, TR = 6.807,
to provide the enantiomer. 400 MHz 1H NMR (CDCI3) 8.00
(S, 1H), 7.38-7.22 (m, 5H), 5.27-5.10 (m, 1H), 3.78
(d, J= 12.5 Hz, 1H), 3.6 (d, J= 12.5 Hz, 1H), 3.34 (t,
J= 8.3 Hz, 1H), 2.97 (d, J = 9.9 Hz, 1H), 2.80-2.78
(m, 1H), 2.52-2.48 (m, 1H), 2.41- 2.38 (m, 1H), 2.1
0-1 .89 (m, 7H), 1.70-1 .66 (m, 2H), 1.18(d, J= 6.6
Hz, 3H). MS: (M+H m/z = 378.1 ) . Chiralcel OD, Mobile
Phase 90/10 Heptane/IPA, TR = 9.433. EXAMPLE 4 (a)
i-cvclopentyl-S-ro^-transM-methylpyrrolidin-S-vn-I
H-pyrazolofS^- dlpyrimidin-4(5 H)-one A solution of
6-[(3,4-trans)-1 -benzyl-4-methylpyrrolidin-3-yl]-1-
cyclopentyl-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one (970mg)
in ethanol 25 mL was added to a Parr bottle. Acetic
acid (2.5 mL) and Pd(OH)2 {500mg) was added The
reaction mixture was placed on a hydrogenator under 40
PSl for 16h The reaction mixture was filtered through
Celite and concentrated The reaction mixture was
partitioned between saturated bicarbonate solution and
methylene chloride The layers were separated and the
aqueous layer was extracted 6x with methylene chloride
The organic layer was dried with magnesium sulfate,
filtered and concentrated to provide 429 mg of the
title compound 400 MHz 1H NMR (CD3OD) d 9 25 (brs,
1H), 8 02 (s, 1H) 5 20-5 17 (m, 1H), 3 9 1 (m, 1H), 3
77-3 68 (m, 2H), 3 46-3 44 (m, 1H), 3 10 (m, 1H), 2 89
(m, 1H), 2 13-1 87 (m, 6H), 1 74-1 65 (m, 2H), 1 20
(d, J = 6 2 Hz 3H) MS (M+H m/z = 288 1) (b)
1-cvclopentyl-6-((3.4-trans)-4-methyl-1-r4-(tr
ifluoromethyl)py pmidin-2- vHpyrrolidin-3-yl)-1 ,5-d
ihydro-4H-pyrazDlof3,4-d1pyr imidin-4-one To a
solution of 1-cyclopentyl-6-[(3
4-trans)-4-methylpyrrol idin-3-yl]-1 Hpyrazolo[ 3
4-d]py pmidin-4(5H)-one (40mg) in dimethylformamide (
1 ml) was added cesium carbonate (2eq ) and
2-chloro-4-(t pfluoromethyl)py pmidine ( 1 2 eq ) and
the reaction mixture was heated at 60 0C for 90 mm The
reaction mixture was poured into saturated sodium
bicarbonate, extracted with methylene chloride, dried
with magnesium sulfate, filtered and concentrated
Purification via MPLC Biotage chromatography eluting
with 20-60% ethyl acetate/hexanes provided 40 mg of
the title compound 400 MHz 1H NMR (CDCI 3) d 8 5 1 (d,
J = 5 0 Hz, 1H), 8 02 (m, 1H), 6 79 (d, J = 4 6 Hz,
1H), 5 16-5 08 (m, 1H), 4 243 97 (m, 3H), 3 37-3 32
(m, 1H), 3 20-3 14 (m, 1H), 2 09-2 05 (m, 3H), 1 96-1
90 (m, 1H), 1 73-1 56 (m, 5H), 1 24 (d, J = 6 6 Hz,
3H) MS (M+H m/z = 434 1)EXAMPLE 5
1-cvclopentyl-6-[(3,4-trans)-4-methyl-1-pyr
imidin-2-ylpyrrol idin-3-yl1-1 ,5-
dihydro-4H-pyrazolof3,4-dipyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-{(3,4- trans)-4-methyl-1-[4-(t
pfluoromethyl)pyr imidin-2-yl]pyrrol idin-3-yl>-1
,5-dihydro- 4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting 2-chloropy pmidine provided the title
compound 400 MHz 1H NMR (CD3OD) d 8.29 (d, J = 5 OHz,
2H) 7 96 (s, 1H), 6 60 (t, J = 5 OHz, 1H), 5 08-5 04
(m, 1H), 4.06-3 87 (m, 3H) 3.23-3 18 (m, 1H), 3.12 (q,
J = 7.9 Hz, 1H), 2.80-2.76 (m, 1H), 2.05- 1 98 (m,
4H), 1 90-1 82 (m, 2H) 1 66-1 6 1 (m, 2H), 1 17 (d, J
= 7.1 Hz, 3H) MS- (M H m/z = 366 1) EXAMPLE 6
6-[(3,4-trans)-1 -benzoyl-A-methylpyrrolidin-S-ylH
-cyclopentyl-1 ,5-d ihydro-4Hpyrazo[ of3,4-dlpyr
imidin-4-one To a solution of
1-cyclopentyl-6-[(3,4-trans)-4-methylpyrrol
idin-3-yl]-1 Hpyrazolo[ 3,4-d]pyr imidin-4(5H)-one (40
mg) in methylene chloride ( 1 ml) was added tpethyl
amine (2 5 eq ) and benzoyl chloride ( 1 2 eq ) and
the reaction mixture was stirred at ambient
temperature for 1h The reaction mixture was 



poured into saturated sodium bicarbonate, extracted
with methylene chloride,dped with magnesium sulfate,
filtered and concentrated Biotage MPLC chromatography
eluting with 2-4% methanol/methylene chloride provided
the title compound (27mg) 400 MHz 1H NMR (CDCI3) d 8
06-8 03 (m, 1H), 7 57- 7 50 (m, 2H), 7 43-7 37 (m,
3H), 5 20-5 13 (m, 1H), 4 1 03 (m, 1H), 3 92 (d, J = 8
3 Hz 1H), 3 81-3 76 (m, 1H), 3 47-3 29 (m, 1H), 3 17-3
03 (m, 1H), 2 84-2 67 (m, 1H), 2 11-1 80 (m 3H), 1
79-1 72 (m, 1H), 1 56-1 30 (m, 4H), 1 21-1 11 (m, 3H)
MS (M+H m/z = 392 1) EXAMPLE 7
1-cvclopentyl-6-f(3,4-trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-vn-1 .5-
dihvdro-4H-Dyrazolo[3.4-dipyr imidin-4-one To a
solution of
1-cyclopentyl-6-[(3,4-trans)-4-methylpyrrolidin-3-yl]-
1 Hpyrazolo[ 3,4-d]pyr imidin-4(5H)-one (40 mg) in 1
2-d ichloroethane (2 mL) was added acetic acid (2 eq )
, nicotinaldehyde ( 1 5 eq ) and sodium triacetoxy
borohyd pde (58 mg) The reaction mixture was heated at
40 0C for 4h, poured into saturated sodium
bicarbonate, extracted with methylene chloride, dried
with magnesium sulfate, filtered and concentrated
Purification via Biotage MPLC chromatography eluting
with 1-4% methanol/methylene chlor ide/0 5% ammonium
hydroxide provided the title compound (47 mg) 400 MHz
1H NMR (CDCI3) 8 55 (m, 2H), 2 02 (S1 I H) 7 84 (m,
1H), 7 36 (m, 1H), 5 16-5 09 (m 1H), 3 82-3 60 (m,
2H), 3 36 (m, 1H), 3 05-2 38 (m, 4H), 2 13-1 89 (m,
7H), 1 73-1 68 (m, 2H), 1 2 1 (m J = 7 1 Hz, 3H) MS
(M+H m/z = 379 1) EXAMPLE 8 i-cvclope ptyl-
-US^-transM-methyl-i-fS-ftrifluoromethvDbenzvnpyrrolid
in-Syl|- 1 ,5-d ihydro-4H-pyrazolof3,4-dipy
pmidin-4-oneFollowing the procedure for the
preparation of 1-cyclopentyl-6-{(3,4-
trans)-4-methyl-1-(pyr idin-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one but substituting 3-
(trifluoromethyl)benzaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) d 8 02 (s, 1H), 7 66
(s, 1H), 7 53-7 50 (m, 3H), 5 16-5 09 (m, 1H), 3 80
(m, 1H), 3 69-3 66 (m, 1H), 3 35 (m, 1H), 2 99 <m,
1H), 2 83 (m, 1H), 2 42 (m, 1H), 2 12-1 93 (m, 7H), 1
74-1 68 (m, 2H), 1 56 (m, 1H), 1 2 1 (d, J = 6 6 Hz,
3H) MS (M+H m/z = 446 0) EXAMPLE 9
1-cvclopentyl-6-ff3,4-trans)-4-methyl-1-( auinol
in-2-ylmethyl)pyrrol idin-3-yl1- 1
5-dihydro-4H-pyrazolor3,4-d1pv pmidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idip-3-yl]-1,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting quip oline-2-carbaldehyde provided the
title compound 400 MHz 1H NMR (CDCI 3) d 8 22-8 15 (m,
2H), 8 07 (s, 1H), 7 80 (d, J = 7 9 Hz, 1H) 7 7 1 (t,
J = 8 3 Hz, 1H), 7 69-7 50 (m, 2H) 5 18-5 11 (m, 1H),
4 25 (m, 1H), 3 9 1 (m, 1H), 3 7 1 (m, 1H), 3 49 (m.
1H), 3 17 (m, 1H) 2 87 (m, 1H) 2 73-2 45 (m, 2H), 2
13-1 94 (m, 6H), 1 75-1 68 (m, 2H), 1 23 (d, J = 7
1Hz, 3H) MS (M H m/z = 429 1) EXAMPLE 10
1-cvclopentyl-6-f('3,4-trans)-4-methyl-1-(qu inol ip
-4-ylmethyl)pyrrol idin-3-yl1- 1.5-d
ihvdro-4H-pyrazolo[3,4-diPv pmidin-4-oneFollowing the
procedure for the preparation of 1-cyclope
ptyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidip-4-one but
substituting quinoline^-carbaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 92-8 89 (m,
1H), 8 27-8 25 (m, 1H), 8 18-8 16 (m, 1H), 8 OO (s,
1H), 7 80-7 74 (m, 2H), 7 63- 7 50 (m, 1H), 5 14-5 07
(m, 1H), 4 18 (m, 2H), 3 37 (m, 1H), 3 10-2 30 (m,
5H), 2 15-1 93 (m, 6H), 1 74-1 64 (m, 2H), 1 2 1 (d, J
= 6 6 Hz, 3H) MS (M+H m/z = 429 1) EXAMPLE 11
1-cvclopentyl-6-r(3,4-trans)-4-methyl-1-(f6-(t
pfluoromethyl)oyr idin-3- y|]methyl)pyrrol idin-3-v
p-1,5-d )hvdro-4H-pyrazolof3,4-dipy pmidin-4-one
Following the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting 6- (tpfluoromethyl)n icotinaldehyde
provided the title compound 400 MHz 1H NMR (CDCI3) d 8
63 (m, 1H), 8 0 1 (s, 1H) 7 7 (d, J= 7 80 Hz, 1H), 5
12 (m, 1H), 4 82 (m, 1H), 3 79 (q, J=13 2 , 16 2 , Hz,
2H), 3 32 (t, J=8 5 Hz, 1H), 3 02 (m, 1H), 2 86 (m,
1H), 2 63 (m, 1H), 2 45 (m, 1H), 2 12-2 88 (m, 6H), )
, 1 74- 1 64 (m, 3H), 1 32 (d, J= 7 05 Hz, 3H) MS (M+H
m/z = 447 0)EXAMPLE 12 1-cvclopentyl-6-ff3,4-tra
ps)-4-methyl-1-(qu inoxalin-2-ylmethyl)pyrrolid in-3-v
p- 1.5-d[hvdro-4H-pyrazolor3,4-dlpyr imidin-4-one
Following the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting quinoxal ine-2-carbaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 86 (s, 1H),
8 31- 8 29 (m, 1H), 8 05 - 8 08 (m, 2H), 7 79-7 70 (m,
2H), 5 16-5 12 (m, 1H), 4 32- 4 28 (m, 1H), 3 94-3 98
(m, 1H), 3 46 (t, J = 8 3 Hz, 1H), 3 26 (d, J = 9 5
Hz, 1H), 2 90-2 88 (m, 1H), 2 64-2 60 (m, 1H), 2 50-2
47 (m, 1H), 2 18 (t, J = 8 3 Hz, 1H), 2 11-1 9 1 (m,
6H), 1 71-1 66 (m, 2H), 1 23 (d, J= 7 05 Hz, 3H) MS
(M+H m/z = 430 1) EXAMPLE 13
1-cvclopentyl-6-[f3,4-trans)-4-methyl-1-(qu inoxal
in-6-ylmethyl)pyrrol idin-3-yl1-
1.5-dihvdro-4H-pyrazolof3,4-dipy pmidin-4-one
Following the procedure for the preparation of
1-cyclopentyl-6-[(3,4- traps)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting quinoxal ine-6-carbaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 82 (s, 2H),
8 14 (d, J = 8 3 Hz, 1H), 8 07-7 93 (m, 3H), 5 15-5 08
(m, 1H), 4 00-3 87 (m, 2H), 3 37 (t, J = 8 7 Hz, 1H),
3 04 (d, J = 9 5 Hz, 1H), 2 85-2 84 (m, 1H), 2 66-2 6
2 (m, 1H), 2 46-2 4 2 (m, 1H) 2 11-1 9 2 (m 7H) 1 1
71-1 6 3 (m, 2H) 1 1 2 0 (d, J= 70 5 H z 3H) M S (M +H
m/z = 430 1 ) EXAMPLE 14
1-cvclopentyl-6-f(3,4-traps)-4-rriethyl-1-(pyrirri id
in-5-ylmethyl)pyrrol id in-3-yll-
1.5-dihvdro-4H-pyrazolo[3,4-dlpyr imidip -4-o pe Foll
p wing the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting pypmidine-5-carbaldehyde provided the
title compound 400 MHz 1H NMR, (CDCI 3) 9 16 (s, 1H),
8 76 (S, 2H), 8 02 (s, 1H), 5 17-5 10 (m, 1H), 3 78-3
69 (m, 2H) 3 27 (t, J = 8 7 Hz, 1H), 3 07 (d, J = 9 5
Hz, 1H), 2 89 (m, 1H) 2 69 (m, 1H), 2 48-2 46 (m, 1H),
2 12-1 89 (m, 6H), 1 74-1 63 (m, 3H) 1 26-1 19 (m, 3H)
MS (M+H m/z = 380 1) EXAMPLE 15
1-cvclopentv[-6-f(3,4-trans)-1 ,4-d imethylpyrrol
idin-3-vn-1 ,5-d ihvdro-4HPyrazolor3,4- d]pyr
imidin-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyr idin-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one but substituting formaldehyde provided
the title compound 400 MHz 1H NMR, (CDCI3) d 8 04 (s,
1H), 5 18-5 11 (m, 1H), 3 39 (m, 1H), 3 15 (m 1H), 3
03-2 96 (m, 1H), 2 70 (m 1H), 2 5 1 (m, 4H),2 15-1 90
(m, 7H), 1 75-1 66 (m, 2H), 1 20 (d, J = 6 6 Hz, 3H)
MS (M+H m/z = 302 2) EXAMPLE 16
1-cvclopentyl-6-r(3,4-trans)-4-methyl-1-(2.2,2-t
pfluoroethvhPyrrol idin-3-v p-1.5-
dihvdro-4H-pyrazolor3.4-d1pyr imidin-4-one 



To a solution of
1-cyclopentyl-6-[(3,4-trans)-4-methylpyrrolidin-3-yl]-
1 Hpyrazolo[ 3,4-d]pyr imidin-4(5H)-one (40 mg) in
dimethyl formamide ( 1 5mL) was added sodium carbonate
(30 mg) and 1,1,1-tr ifluoro-2- iodoethane ( 1 1 eq )
The reaction mixture was heated at 40 0C for 3 days An
additional 3 eq of 1, 1 , 1 -trifluoro-2- iodoetha pe
along with cesium carbonate (2eq ) and the reaction
mixture was heated at 60 0C for 3 days The reaction
mixture was poured into saturated sodium bicarbonate,
extracted with methylene chloride, dried with
magnesium sulfate, filtered and concentrated
Purification via MPLC Biotage eluting with 0 5-2%
methanol/methylene chlor ide/0 5% ammonium hydroxide
provided the title compound (9mg) 400 MHz 1H NMR,
(CDCI3) d 8 03 (s, 1H), 5 16-5 10 (m, 1H), 3 50-3 48
(m, 1H), 3 30-3 25 (m, 2H) 2 52 (m, 1H), 2 25 (m, 1H),
2 13-1 94 (m, 5H), 1 72-1 57 (m, 6H), 1 22 (d, = 7 1
Hz, 3H) MS (M+H m/z = 370 1) EXAMPLE 17
1-cvclopentyl-6-((3,4-trans)-4-methyl-1-r(2-methylpyr
idin-3- yl)methyl]pyrrol idin-3-yl>-1 ,5-d
ihvdro-4H-pyrazolo[3,4-d]pyr imidin-4-oneFollowing the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3 4-d]pyr imidin-4-one but
substituting 2-methyln icot inaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 40-8 39 (m,
1H), 7 99 (s, 1H), 7 62-7 60 (m, 1H), 7 12-7 09 (m,
1H), 5 15-5 08 (m, 1H), 3 73- 3 65 (m, 2H), 3 30 (t, J
= 8 7 Hz, 1H) 3 04 (d, J = 9 95 Hz, 1H), 2 86-2 84 (m,
1H), 2 66-2 62 (m, 4H), 2 46-2 39 (m, 1H), 2 11-1 89
(m, 7H), 1 71-1 64 (m, 2H), 1 19 (d, J= 7 05 Hz, 3H)
MS (M+H m/z = 393 2) EXAMPLE 18 1-cvclopentyl-6-r 3
4-trans)-4-methyl-1-(quinol in-8-ylmethyl)pyrrol
idin-3-yll- 1.5-d ihvdro-4H-pyrazolor3.4-di
rvpmidin-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyr idin-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one but substituting quinol
ine-5-carbaldehyde provided the title compound 400 MHz
1H NMR (CDCI3) d 9 10-9 09 (m, 1H), 8 13 (dd, J = 8 3
, 1 6 Hz, 1H), 7 98 (s, 1H), 7 76-7 74 (d, J= 7 88 Hz,
2H), 7 50 (t, J= 7 88 Hz, 1H), 7 45-7 42 (m, 1H), 5
14-5 07 (m, 1H), 4 52 (d, J= 12 40 Hz, 1H), 4 2 1 (d,
J= 12 40 Hz, 1H), 3 34 (t, J = 8 3 Hz, 1H) 3 1 (d, J =
9 95 Hz, 1H) 2 8-2 79 (m, 1H), 2 71-2 67 (m, 1H), 2
37-2 3 1 (m, 1H), 2 10- 1 88 (m 7H) 1 72-1 62 (m, 2H),
1 17 (d, J= 6 64 Hz 3H) MS (M+H m/z = 429 2) EXAMPLE
19 1-cvclopentyl-6-r(3,4-trans)-4-methyl-1-(qu inol
in-3-ylmethyl)pyrrol idin-3-yl1- 1,5-d
ihydro-4H-pyrazolo[3 4-dipyr imidin-4-oneFollowing the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting quinol ine-3-carbaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 87 (s, 1H),
8 29 (s, 1H) 8 07 (d, J= 7 8 Hz, 1H), 8 02 (s, 1H), 7
89 (d, J= 7 9 Hz, 1H), 7 70-7 66 (m, 1H) 7 54 (t, J= 7
5 Hz, 1H), 5 16-5 08 (m, 1H), 4 02-3 98 (m, 1H), 3 86-
3 83 (m, 1H), 3 47 (s, 1H), 3 40 (t, J 8 3 Hz, 1H), 3
07 (d, J = 8 5 Hz, 1H), 2 85 (m, 1H), 2 65-2 6 1 (m,
1H), 2 47-2 46 (m, 1H), 2 15-1 87 (m, 6H), 1 73-1 63
(m, 2H), 1 20 (d, J= 7 1 Hz, 3H) MS (M H m/z = 429 2)
EXAMPLE 20
1-cvclopentyl-6-ff3,4-trans)-4-methyl-1-[(6-methylpyr
idin-3- vl)methynpyrrol idin-3-vl)-1,5-d
ihydro-4H-pyrazolof3,4-dipyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 6-methyln icot inaldehyde provided the
title compound 400 MHz 1H NMR (CDCI 3) d 8 37 (d, J= 1
2 Hz, 1H), 8 00 (s, 1H), 7 73 (dd, J= 7 9 , 2 1 Hz,
1H), 7 18 (d, J= 8 3 Hz, 1H), 5 16-5 08 (m, 1H), 3
76-3 72 (m, 1H) 3 61-3 57 (m, 1H), 3 32 <t, J= 8 7 1
Hz, 1H), 2 98 (d, J = 9 9 Hz, 1H) 2 83-2 8 1 (m, 1H),
2 57-2 5 1 (m, 4H), 2 42- 2 38 (m, 1H), 2 11-1 89 (m,
7H), 1 72-1 64 (m, 2H), 1 19 (d, J= 7 1 Hz, 3H) MS
(M+H m/z = 393 2)EXAMPLE 2 1 (a) (3,4-trans)-methyl i
-benzyM-isopropylpyrrolidine-S-carboxylate Following
the procedure for the preparation of
(3,4-trans)-methyl 1- benzyl-4-methyl pyrrol
idine-3-carboxylate but substituting (E)-methyl 4-
methylpent-2-enoate provided the title compound 400
MHz 1H NMR (CDCI3) d 7 31-7 20 (m, 5H) 3 66 (s, 3H), 3
62-3 49 (m, 2H), 2 79-2 69 (m, 3H), 2 31- 2 27 (m,
2H), 1 61-1 56 (m, 1H), 1 27-4 25 (m, 1H), O86 (t, J
=2 9 Hz, 6H) MS (M+H m/z = 262 2) (b)
6-[(3,4-trans)-1-benzyl-4- isopropylpyrrol
idin-3-yl1-1-cyclopentyl-1 ,5-
dihvdro-4H-pyrazolo[3,4-dipyr imidin-4-one Following
the procedure for the preparation of
6-[(3,4-trans)-1-benzyl- 4-methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pyr imidin-4-one but
substituting 5-amino-1-cyclopentyl-1H-pyrazole-4-
carboxamide and (3,4-trans)-methyl 1-benzyl-4-
isopropylpyrrol idine-3- carboxylate provided the
title compound 400 MHz 1H NMR (CDCI 3) d 8 00 (s, 1H),
7 38-7 32 (m, 4H), 7 27-7 24 (m, 1H), 5 13-5 05 (m,
1H), 3 78 (d, J= 12 5 Hz, 1H), 3 6 (d, J= 12 5 Hz 1
1H), 3 27-3 2 1 (m, 1H), 2 98-2 96 (m, 2H) 2 37 (m,
1H), 2 10-1 88 (m 7H) 1 69-1 60 (m, 3H), 0 98 (d, J= 6
6 Hz, 3H) 0 86 (d, J= 6 6 Hz, 3H) MS (M+H m/z = 406 1)
EXAMPLE 22 (a) S-amino-i-cyclopentyl-S-methyM
H-pyrazole^-carbonitrileFollowing the procedure for
the preparation of 5-am ino-1-(2- methoxyphenyl)-1
H-pyrazole-4-carbon itple but substituting 1-
cyclopentylhydrazine and 2-(1-methoxyethyl
idene)malonon itple provided the title compound 1H NMR
(300 MHz, CDCI3) d 4 24 (m, 3H), 2 24 (s, 3H), 2 0 1
(m, 4H), 1 90 (m, 2H), 1 67 (m 2H) (b) 5-am ino-1
-cvclopentyl-3-methyl-i H-pyrazole-4-carboxam ide
Following the procedure for the preparation of
5-amino-1-(2- methoxyphenyl)-1 H-pyrazole-4-carboxam
ide but substituting 5-amino-1- cyclopentyl-S-methyl-I
H-pyrazole^-carbonit ple provided the title compound
1H NMR (300 MHz, CDCI3) d 5 39 (br 2H), 5 32 (br, 2H),
4 26 (m, 1H), 2 38 (s, 3H), 2 04 (m, 4H), 1 9 (m, 2H),
1 66 (m, 2H) (c)
6-r(3,4-trans)-1-benzyl-4-methylpyrrol idin-3-v
p-1-cvclopentyl-3-methyl-1 ,5-
dihvdro-4H-pyrazolo[3.4-dipyr imidin-4-one Following
the procedure for the preparation of
6-[(3,4-trans)-1-benzyl- 4-methylpyrrol idip
-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pypmidin-4-one but
substituting 5-am ino-1-cyclopentyl-3-methyl-1
Hpyrazole-4-carboxam ide provided the title compound
400 MHz 1H NMR (CDCI 3) d 7 45-7 20 (m, 5H), 5 13-4 96
(m, 1H), 3 85-3 6 1 (m, 2H), 3 45- 3 30 (m, 1H), 3
08-2 98 (m, 1H), 2 82-2 74 (m, 1H), 2 60-2 45 (m, 4H),
2 45-2 30 (m, 1H), 2 18-1 80 (m, 6H), 1 79-1 50 (m,
3H), 1 2-1 1 (m, 3H) MS (M+H m/z = 392 5) EXAMPLE 23
(a) 1-cvclopentyl-6-f(3S,4S)-4-methylpyrrol
idin-3-yl1-1 H-pyrazolor3,4- dipyrimidin-4(5H)-one A
solution of 6-[(3S,4S)1-benzyl-4-methylpyrrol
idin-3-yl]-1-cyclopentyl- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one (9 25g) in
ethanol 100 mL was added to a Parr bottle 2 mL of
concentrated HCI followed by 3g of palladium hydroxide
was added The reaction mixture was placed on a
hydrogenator under 45 psi of H gas for 4h The reaction
mixture was filtered through Celite and concentrated
to provide the title compound as an HCI salt 400 MHz
1H NMR (CDCI3) d 8 00 (s, 1H), 5 14-5 10 (m, 1H), 4
89-3 84 (m, 1H), 3 72- 



3 67 (m, 1H), 3 38-3 3 1 (m, 1H), 3 03-2 98 (m, 1H), 2
85-2 8 1 (m, 1H), 2 08- 1 85 (m, 7H), 1 69-1 6 1 (m,
2H), 1 19-1 10 (m, 3H) MS. (M H m/z = 288 2) (b)
1-cvclopentyl-6-f(3S,4S)-4-methyl-1-(qu inoxal
in-6-ylmethyl)pyrrol idin-3-yll- 1
5-dihvdro-4H-pyrazolor3,4-dlpyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-yimethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3 4-d]py pmidin-4-one but
substituting 1-cyclopentyl-6-[(3S,4S)-4-methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
quinoxahne- 6-carbaldehyde provided the title compound
400 MHz 1H NMR (CDCI3) d 8 82 (s, 2H), 8 14 (d, J = 8
3 Hz, 1H), 8 07-7 93 (m, 3H), 5 15-5 08 {m, 1H), 4
00-3 87 (m, 2H), 3 37 (t, J = 8 7 Hz, 1H), 3 04 (d, J
= 9 5 Hz, 1H), 2 85- 2 84 (m, 1H), 2 66-2 62 (m, 1H),
2 46-2 42 (m, 1H), 2 11-1 92 (m, 7H) 1 1 71-1 63 (m,
2H), 1 20 (d, J= 7 05 Hz, 3H) MS (M+H m/z = 430 1)
EXAMPLE 24
1-cvclopentyl-6-f(3,4-trans)-4-methyl-1-(2-phenylethyl
)pyrrol idin-3-yll-1 ,5- dihvdro-4H-pyrazolor3.4-dipy
pm[d in-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyr idin-3-ylmethyl)pyrrol
idin-3-yl]-1,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one but substituting 2-phenylacetaldehyde
provided the title compound 400 MHz 1H NMR (CDCI 3) d
8 03 (s, 1H), 7 32- 7 19 (m, 5H), 5 18-5 11 (m, 1H), 3
44 (t, J= 8 7 Hz 1H), 3 14 (d, J = 9 9 Hz, 1H) 2 90-2
78 (m, 5H) 2 56-2 52 (m, 1H), 2 40-2 39 (m, 1H), 2
14-1 89 (m, 7H), 1 73-1 67 (m, 2H) 1 19 (d, J= 7 05
Hz, 3H) MS (M+H m/z = 392 1) EXAMPLE 25
1-cvclopentyl-6-((3,4-trans)-1-r(6-methoxypyr
idin-3-yl)methyll-4- methylpyrrol idin-3-yl>-1 .5-d
ihvdro-4H-pyrazolof3.4-dlpy pmidin-4-oneFollowing the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyrid
in-3-ylmethyl)pyrrolidin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyrimid in-4-one but
substituting 6-methoxynicot inaldehyde provided the
title compound. 400 MHz 1H NMR (CDCI3) d 8.01 (dd, J =
3 1.5, 2.5 Hz, 1H), 8.00 (s, 1H), 7.69 (dd, J = 8.3,
2.5 Hz, 1H), 6.76 (d, J = 8.3 Hz, 1H), 5.16-5.09 (m,
1H), 3.90 (s, 3H), 3.68 (d, J = 12.9 Hz, 1H), 3.55 (d,
J = 12.9 Hz, 1H), 3.31 (t, J= 8.7 Hz, 1H), 2.98 (d, J
= 9.9 Hz, 1H), 2.81-2.79 (m, 1H), 2.54-2.50 (m, 1H),
2.41-2.36 (m, 1H) 2.1 2-1 .87 (m, 7H), 1.73-1 .64 (m,
2H), 1.18 (d, J= 7 05 Hz, 3H). MS: (M+H m/z = 409.1 )
. EXAMPLE 26
1-cvclopentyl-6-f(3.4-trans)-4-methyl-1-(pyridin-2-ylm
ethyl)pyrrolidin-3-yll-1 .5-
dihvdro-4H-pyrazolor3.4-dipyrimidin -4-one Following
the procedure O for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrolid in-3-yl]-1
,5-dihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting picolinaldehyde provided the title
compound. 400 MHz 1H NMR (CDCI3) d 8.63-8.62 (m, 1H),
8.02 (s, 1H), 7 72-7.67 (m, 1H) 7.41 (d, J = 7 9 Hz,
1H), 7.20-7.17 (m, 1H), 5.18-5.1 0 (m, 1H), 4.03 (d, J
=13 7 Hz, 1H), 3.75 (d, J = 13.7 Hz, 1H), 3.41 (t, J=
8.3 Hz, 1H), 3.07 (d, J = 9.9 Hz, 1H), 2.83-2.82 (m,
1H), 2.58 (m, 1H), 2.46-2.40 (m, 1H), 2.13-1 .89 (m,
7H), 1.74-1 .64 (m, 2H), 1.21 (d, J= 7.1 Hz, 3H). MS:
(M+H m/z = 379.1). EXAMPLE 27
1-cvclopentyl-6-((3,4-trans)-4-methyl-1-f(3-methylpyri
din-2- vpmethyllPyrrol idin-3-yl>-1
,5-dihvdro-4H-pyrazolof3,4-dlpy pmidin-4-oneFollowing
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidip-4-one but
substituting 3-methylp icol inaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 02 (s, 1H),
7 57 (t, J = 7 5 , 1H) 7 22 (d, J = 7 8 Hz, 1H), 7 02
(d, J = 7 5 Hz, 1H) 5 17-5 09 (m, 1H), 3 97 (d, J = 13
3 Hz, 1H), 3 68 (d, J = 13 3 Hz, 1H), 3 42 (t, J= 8 3
Hz, 1H), 3 05 (d, J = 9 9 Hz, 1H) 2 82-2 80 (m, 1H), 2
57-2 53 (m, 1H), 5 54 (s, 3H), 2 44-2 38 (m, 1H), 2
12-1 89 (m, 7H), 1 72-1 64 (m, 2H), 1 19 (d, J= 7 05
Hz, 3H) MS (M+H m/z = 393 1) EXAMPLE 28 (a)
(3,4-trans)-ethyl 1-benzyl-4-ethylpyrrol
idine-3-carboxylate Following the procedure for the
preparation of (3,4-trans)-methyl 1-
benzyl^-methylpyrrohdine-S-carboxylate but
substituting (E)-methyl pent-2- enoate provided the
title compound 400 MHz 1H NMR (CDCI3) d 7 33-7 19 (m,
5H) 4 15-4 08 (m 2H), 3 65-3 52 (m, 2H), 2 82-2 7 1
(m, 3H), 2 60-2 55 (m, 1H), 2 38-2 24 (m, 2H), 1 59-1
50 (m, 1H), 1 47-1 38 (m, 1H), 1 23 (t, J = 7 5 Hz,
3H), 0 87 (t, J = 7 1 Hz, 3H) MS (M+H m/z = 262 2) (b)
6-r(3.4-trans)-1-benzyl-4-ethyl ryrrol
idin-3-vn-1-cvclopentyl-1 .5-d ihvdro-
4H-Pyrazolor3,4-dipy pmidin-4-oneFollowing the
procedure for the preparation of
6-[(3,4-trans)-1-benzyl- 4-methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]py pmidin-4-one but
substituting 5-amino-1-cyclopentyl-1 H-pyrazole-4-
carboxamide and (3,4-trans)-methyl
1-benzyl-4-ethylpyrrol idine-3-carboxylate provided
the title compound 400 MHz 1H NMR (CDCI3) d 8 OO (s,
1H), 7 39- 7 24 (m, 5H), 5 13-5 07 (m, 1H), 3 78 (d, J
= 13 3 Hz, 1H), 3 58 (d, J = 12 9 Hz, 1H), 3 42 (t, =
12 9 Hz, 1H), 3 33 (t, J = 8 7 Hz, 1H), 2 98 (d, J = 9
9 Hz, 1H), 2 86 (m, 1H), 2 46-2 42 (m, 1H), 2 19-1 44
(m,1 1H), 0 92 (t, J= 7 05 Hz, 3H) MS (M+H m/z = 392
1) EXAMPLE 29 (a)
(S^-transVmethyl-i-benzvM-cvclopropylpyrrolidine-S-car
boxylate Following the procedure for the preparation
of (3,4-trans)-methyl 1- benzyl-4-methylpyrrol
idine-3-carboxylate but substituting (E)-methyl 3-
cyclopropylacrylate provided the title compound 400
MHz 1H NMR (CDCI3) d 7 33-7 20 (m, 5H), 3 66 (s, 3H),
3 64-3 54 (m, 2H), 2 87-2 8 1 (m, 2H), 2 77- 2 70 (m,
2H), 2 47-2 43 (m, 1H), 1 84-1 78 (m, 1H), 0 87-0 79
(m, 1H), 0 45-0 36 (m, 2H), 0 20-0 06 (m, 2H) MS (M+H
m/z = 260 2) (b)
6-f(3.4-trans)-1-benzyl-4-cvclopropylpyrrol
idin-3-yl1-1-cvclopentyl-1 ,5-
dihvdro-4H-pyrazolof3.4-dipyrimidin -4-oneFollowing
the procedure for the preparation of
6-[(3,4-trans)-1-benzyl- 4-methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazoio[3,4- d]pyr imidin-4-one but
substituting S-amino-i-cyclopentyl-I H-pyrazole^-
carboxamide and (3,4-trans)-methyl-1
-benzyW-cyclopropylpyrrolidine-Scarboxylate provided
the title compound 400 MHz 1H NMR (CDCI3) d 7 99 (s,
1H) 7 38-7 3 1 (m, 4H), 7 27-7 23 (m, 1H), 5 14-5 10
(m, 1H), 3 78 (d, J = 12 4 Hz, 1H), 3 63 (d J = 12 4
Hz, 1H) 3 32 (t, J = 8 7 Hz, 1H), 3 12-3 10 (m, 1H), 3
0 1 (d, J = 9 9 Hz, 1H), 2 59-2 57 (m, 1H), 2 20-1 87
(m, 8H), 1 71-1 65 (m, 2H), 0 86-0 84 (m, 1H), 0 52-0
48 (m, 2H), 0 19-0 09 (m, 2H) MS (M+H m/z = 393 1)
EXAMPLE 30 (a) S-amino-i-isopropyl-I
H-pyrazole^-carbonit ple Following the procedure for
the preparation of 5-am ino-1-(2- methoxyphenyl)-1
H-pyrazole-4-carbon itple but substituting 1-
isopropylhydrazine provided the title compound 400 MHz
1H NMR (CDCI 3) d 7 50 (s, 1H), 4 22-4 16 (m, 3H), 1
45 (d, J = 6 6 Hz, 6H) MS (M+H m/z = 151 1) (b) 5-am
ino-1 -isopropyl-1 H-pyrazole-4-carboxam ide Following
the procedure for the preparation of 5-am ino-1-(2-
methoxyphenyl)-1 H-pyrazole-4-carboxam ide but
substituting 5-am ino-1-isopropyl-1
H-pyrazole-4-carbon itrile provided the title compound
400 MHz 1H NMR (CDCI3) d 7 67 (s, 1H), 4 40-4 33 (m,
1H), 1 37 (d, J = 6 6 Hz, 6H) MS (M+H m/z = 169 1) (C)
6-ff 3 4-trans)-1 -benzyl-4-methylpyrrol idip -3-vn-1
-isopropyl-1 .5-d ihvdro-4HDyrazolo[ 



3 4-dlPyrimidin-4-one Following the procedure for the
preparation of 6-[(3,4-trans)-1-benzyl- 4-methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pypmidin-4-one but
substituting 5-amino-1- isopropyl-1 H-pyrazole-4-
carboxamide provided the title compound 400 MHz 1H NMR
(CDCI3) d 7 98 (s, 1H), 7 38-7 22 (m, 5H) 5 07-5 04
(m, 1H), 3 77-3 64 (m, 2H), 3 12-3 08 (m, 1H), 2 99-2
9 1 (m, 3H), 2 67-2 63 (m, 1H), 2 27-2 25 (m, 1H), 1
48 <d, = 7 1 Hz 6H), 1 14 (d, J = 6 6 Hz 3H) MS (M+H
m/z = 352 1) EXAMPLE 3 1
6-f(3S.4S)-1-benzyl-4-methylpyrrol
idin-3-yl1-1-isopropyl-1 ,5-d ihvdro-4HPyrazolo[
3,4-dipyrimidin-4-one The racemate was separated on
Chiralcel OD chiral HPLC column, Mobile Phase 90/1 0
Heptane/EtOH, TR = 8 9 17 , to provide the enantiomer
400 MHz 1H NMR (CD3OD) 7 98 (s 1H), 7 38-7 33 (m, 2H),
7 33-7 29 <m, 2H), 7 26-7 22 (m, 1H), 5 07-5 02 (m,
1H), 3 77-3 64 (m, 2H), 3 12-3 07 (m, 1H), 2 99-2 9 1
(m, 3H), 2 67-2 63 (m, 1H), 2 29-2 25 (m, 1H), 1 48(d,
J = 6 6 Hz 6H), 1 14 (d, J = 6 6 Hz, 3H) MS (M+H m/z
352 1)EXAMPLE 32 (a) 1-
isopropyl-6-f(3,4-trans)-4-methylpyrrolid in-3-yl1-1
H-pyrazolof3,4- dipyr imidin-4(5H)-one Following the
procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- 4-methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-one but substituting
the 6-[(3,4-trans)-1-benzyl-4-methylpyrrolid
in-3-yl]-1- isopropyl-1 ,5-d ihydro-4Hpyrazolo[
3,4-d]pynm idin-4-one provided the title compound. 400
MHz 1H NMR (CD3OD) d 8.02 (s, 1H), 5.1 1-5 08 (m, 1H),
3.80-3 74 (m, 2H), 3.64- 3.57 (m, 1H), 3 30-3.22 (m,
1H), 3 07-3 02 (m, 1H), 2 75-2.71 (m, 1H), 1 49 (dd, =
6.6, 1 7 Hz, 6H), 1.15 (d, J = 7.1 Hz, 3H). MS. (M+H
m/z = 262 2) (b) 1-
isopropyl-6-f(3,4-trans)-4-methyl-1-(Qu inol
in-2-ylmethyl)pyrrol idin-3-v p- 1.5-d
ihvdro-4H-pyrazolof3,4-d1py pmidin-4-one Following the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting 1- isopropyl-6-[(3,4-trans)-4-
methylpyrrol idin-3-yl]-1 H-pyrazolo[3,4-d]py
pmidin-4(5H)-one and quinol ine-2- carbaldehyde
provided the title compound 400 MHz 1H NMR (CD3OD) d 8
3 1 (d, J = 8 7 Hz, 1H), 8 02 (d, J = 8 7 Hz, 1H), 7
98 (S I H) 7 95 (d, J = 7 9 Hz, 1H), 7 75-7 68 (m,
2H), 7 58-7 54 (m, 1H), 5.07-5 04 (m, 1H), 4 11- 3 96
(m, 2H), 3 22-3 18 (m, 1H), 3.14-3 11 (m, 1H), 3
05-2.96 (m, 2H),2 71-2 68 (m, 1H), 2 42-2 37 (m, 1H),
1 49 (q, J = 6 6 Hz, 6H), 1 17 (d, J 7 1 Hz 3H) MS
(M+H m/z 403 1) EXAMPLE 33 1-
isopropyl-6-[(3.4-trans)-4-methyl-1-(qu
inoxalin-6-ylmethyl)py[ tolidip -3-vn- 1.5-d
ihvdro-4H-pyrazolor3.4-d1pyr imidin-4-ope Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting 1- isopropyl-6-[(3,4-trans)-4-
methylpyrrol idin-3-yl]-1 H-pyrazolo[3,4-d]pyr
imidin-4(5H)-one and quinoxalme- 6-carbaldehydeprov
ided the title compound 400 MHz 1H NMR (CD3OD) d 8
84-8 8 1 (m 2H), 8 04-8 00 (m, 2H), 7 96 (s, 1H), 7
91-7 88 (m, 1H), 5 09- 5 02 (m, 1H), 4 01-3 87 (m,
2H), 3 14-3 93 (m, 4H), 2 72-2 66 (m, 1H), 2 39- 2 34
(m, 1H), 1 47 (dd, J = 6 6 , 1 2 Hz, 6H), 1 15 (d, J =
6 6 Hz, 3H) MS (M+H m/z 404 1) EXAMPLE 34
1-isopropyl-6-r(3,4-trans)-4-methyl-Hqutnol
in-3-ylmethvt)pyrrol idin-3-yl]-1 ,5-
dihvdro-4H-pyrazolor3.4-dlpyrimidin-4-oneFollowipg the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3 r4-d]py pmidin-4-one but
substituting 1- isopropyl-6-[(3,4-trans)-4-
methylpyrrol idin-3-yl]-1 H-pyrazolo[3,4-d]pynm
idin-4(5H)-one and quinol ine-3- carbaldehyde provided
the title compound 400 MHz 1H NMR (CD3OD) d 8 87 (d, J
= 2 1 Hz, 1H), 8 30 (d, J = 1 2 Hz, 1H), 7 99 (d, J =
8 7 Hz, 1H), 7 97 (s, 1H)1 7 90 (d, J = 7 5 Hz, 1H), 7
74-7 69 (m, 1H), 7 60-7 56 (m, 1H), 5 06- 4 99 (m,
1H), 3 97-3 87 (m, 2H), 3 13-3 09 (m, 1H), 3 05-3 02
(m, 2H), 2 97-2 93 (m, 1H), 2 73-2 66 (m, 1H), 2 39-2
35 (m, 1H), 1 46 (dd, J = 6 6 , 2 3 Hz, 6H), 1 15 (d,
J = 7 1 Hz, 3H) MS (M+H m/z 403 1) EXAMPLE 35 (a)
(3.4-trans)-ethyl-1-benzyl-4-(t pf1uoromethyl)pyrrol
idine-3-carboxylate Following the procedure for the
preparation of (3,4-trans)-methyl 1-
benzyl-4-methylpyrrol idine-3-carboxylate but
substituting (E)-methyl 4,4,4- tpfluorobut-2-enoate
provided the title compound 400 MHz 1H NMR (CDCI3) d 7
33-7 22 (m, 5H), 4 16 (q, J = 7 1 Hz, 2H), 3 65-3 56
(m, 2H) 1 3 40-3 32 (m, 1H) 3 12-3 07 (m, 1H), 2 90-2
76 (m 3H), 2 70-2 66 (m, 1H), 1 24 (t, J = 7 1 Hz, 3H)
MS (M+H m/z = 302 1) dihvdro-4H-pyrazolof3.4-dipyr
imidip-4-oneFollowing the procedure for the
preparation of 6-[(3,4-trans)-1-benzyl- 4-methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1,5-d
ihydro-4H-pyrazolo[3,4- d]py pmidip -4-one but
substituting 5-amino-1-cyclopentyl-1H-pyrazole-4-
carboxamide and (3,4-trans)-methyl 1-benzyl-4-(tr
ifluoromethyl)pyrrol idine-3- carboxylate provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 02 (s, 1H) 7
38-7 26 (m, 5H), 5 15-5 11 (m, 1H), 3 83 (d, J = 12 5
Hz, 1H), 3 64 (d, J = 12 5 Hz, 1H), 3 44-3 4 1 (m,
1H), 3 34 (t, ./= 9 1 Hz1 1H)1 3 12-3 10 (m, 1H), 3 03
(d, J = 9 9 Hz, 1H), 2 70-2 65 (m, 1H) 2 55-5 50 (m,
1H), 2 11-1 93 (m, 4H), 1 72-1 66 (m, 2H), 0 86-0 83
(m, 2H) MS (M+H m/z = 432 0) EXAMPLE 36 (a)
1-isopropyl-6-r(3S.4S)-4-methylpyrrol idin-3-yl1-1
H-pyrazolor3.4- dipyr imidin-4(5H ) one Following the
procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- 4-methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-o pe but
substituting the 6-[(3S,4S)-1 -benzyl-4-methylpyrrol
idin-3-yl]-1- isopropyl-1 ,5-d ihydro-4Hpyrazolo[
3,4-d]pyr imidin-4-one provided the title compound 400
MHz 1H NMR (CD3OD) 8 02 (s, 1H), 5 11-5 08 (m, 1H), 3
80-3 74 (m, 2H), 3 64-3 57 (m, 1H) 3 30-3 22 (m, 1H),
3 07-3 02 (m, 1H), 2 75-2 7 1 (m, 1H), 1 49 (dd, J = 6
6 , 1 7 Hz, 6H) 1 15 (d, J = 7 1 Hz, 3H) MS (M+H m/z =
262 2) (b) 1- isopropyl-6-f(3S.4S)-4-methyl-1-(qu
inoxal in-6-ylmethyl)pyrrol idin-3-yl]- 1,5-d
ihvdro-4H-pyrazolo[3,4-dipyr imidin-4-oneFollowing the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1
,5-dihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
quinoxaline- 6-carbaldehyde provided the title
compound 400 MHz 1H NMR (CD3OD) d 11 O (brs, 1H), 8 8
1 (s, 2H), 8 13 (d, J = 8 7, 1H), 8 01-7 92 (m, 3H), 5
01- 4 94 (m, 1H), 4 0 1-3 88 (m, 2H), 3 37 ( 1 = S 1 I
H) 1 3 05 (d , J = 9 9 , 1H), 2 86-2 85 (m, 1H), 2
70-2 68 (m, 1H), 2 49-2 44 (m, 1H) 2 07-2 0 1 (m, 1H),
1 48 (dd, J = 15 3 , 6 6 Hz, 6H), 1 20 (d, J = 7 05
Hz, 3H) MS (M+H m/z 404 1) EXAMPLE 37 1-
isopropyl-6-rf3S,4S)-4-methyl-1-(Qu inol
in-3-ylmethyl)pyrrol idin-3-yl1-1 ,5-
dihvdro-4H-pyrazolor3,4-d1pyr imidin-4-one Following
the proced ure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
quinol ine-3- carbaldehyde provided the title compound
400 MHz 1H NMR (CD3OD) d 



11 0 (brs, 1H), 8 87 (d, J = 2 1 Hz, 1H), 8 29 (s,
1H), 8 07 (d, J = 8 3 Hz1 1H) 8 02 (s, 1H), 7 90-7 88
(m, 1H), 7 70-7 66 (m, 1H), 7 56-7 5 1 (m, 1H), 5 01-4
92 (m, 1H) 4 03-3 83 (m, 2H), 3 40 (t, J = 8 7 Hz,
1H), 3 07 (d, J = 9 5 Hz, 1H), 2 89-2 86 (m, 1H), 2
68-2 67 (m, 1H) 2 48-2 47 (m, 1H), 2 08- 2 02 (m, 1H),
1 48 (dd, J = 6 6 , 16 59 Hz, 6H) 1 20 (d, J = 7 1 Hz,
3H) MS (M+H m/z 403 1) EXAMPLE 38
1-cvclopentyl-6-(f3S,4S)-4-methyl-1-f(5-methylpyraz
in-2-yl)methvnpyrrol idin-3- yl)-1 5-d
ihvdro-4H-pyrazoloF3.4-d1pyr imidin-4-oneFollowing the
procedure for the preparation of
1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyridin-3-ylmethyl)pyrrolidin-3-yl]
-1 ,5-dihydro-4Hpyrazolo[ 3,4-d]pyrimidin-4-o pe but
substituting 1-cyclopentyl-6-[(3S,4S)-4-
methylpyrrolidin-3-yl]-1
H-pyrazolo[3,4-d]pyrimidin-4(5H)-one and 5- methyl
ryrazine-2-carbaldehyde provided the title compound.
400 MHz 1H NMR (CDCI3) d 8.53 (s, 1H), 8.53 (s, 1H),
8.01 (s, 1H), 5.16-5.05 (m, 1H), 4.02 (d, J = 14.1 Hz,
1H), 3.74 (d, J = 14.1 Hz1 1H), 3.45-3.41 (m, 1H),
3.38 (t, J = 8.3 Hz, 1H), 3.08 (d, J = 9.9 Hz, 1H),
2.84-2.83 (m, 1H), 2.62-2.54 (m, 1H) 2.52 (s, 3H),
2.47-2.40 (m, 1H), 2.14-1 .89 (m, 6H), 1.71-1 .64 (m,
2H), 1.24-1 .16 (m, 3H). MS: (M+H m/z = 394.1 ) .
EXAMPLE 39 6-f(3.4-trans)-1-benzyl-4-ethylpyrrol
idin-3-yl1-1-isopropyl-1 .5-dihvdro-4Hpyrazolo[
3,4-dlPyrimidin-4-one Following the procedure for the
preparation of 6-[(3,4-trans)-1-benzyl-
4-methylpyrrolidin-3-yl]-1-(2-methoxyphenyl)-1
,5-dihydro-4H-pyrazolo[3,4- d]pyrimidin-4-one but
substituting 5-amino-1-isopropyl-1 H-pyrazole-4-
carboxamideand (3,4-trans)-methyl
1-benzyl-4-ethylpyrrolid ine-3-carboxylate provided
the title compound. 400 MHz 1H NMR (CD3OD) d 8.01 (s,
1H), 7.38-7.22 (m, 5H), 5.06-5.01 (m, 1H), 3.76-3.64
(m, 2H), 3.12 (t, J = 8.71 Hz, 1H), 3.00-2.91 (m, 2H),
2.87-2.82 (m, 1H) 2.51-2.47 (m, 1H) 2.30-2.26 (m,1H),
1 60-1 50 (m, 2H), 1 49 (d, J = 7 05 Hz, 6H), 3 08 (d,
J = 7 5 Hz, 3H) MS (M+H m/z = 366 1) EXAMPLE 40
6-rf3S,4S)-1-benzyl-4-ethylpyrrol
idin-3-vi1-1-isopropyl-1 5-dihvdro-4Hpyrazolor3.4-
d1pypmidin-4-one The racemate was separated on
Chiralcel OJ chiral HPLC column, Mobile Phase 80/20
Heptane/EtOH, TR = 9 177, to provide the enantiomer
400 MHz 1H NMR (CD3OD) d 8 0 1 (s, 1H), 7 38-7 22 (m,
5H), 5 06-5 0 1 (m, 1H), 3 76-3 64 (m, 2H), 3 12 (t, J
= 8 7 1 Hz, 1H), 3 00-2 9 1 (m, 2H), 2 87- 2 82 (m,
1H), 2 51-2 47 (m, 1H), 2 30-2 26 (m, 1H), 1 60-1 50
(m, 2H), 1 49 (d J = 7 05 Hz, 6H), 3 08 (d, J = 7 5
Hz, 3H) MS (M+H m/z = 366 2) EXAMPLE 4 1 1-
isopropyl-6-((3S,4S)-4-methyl-1-r(2-methylpy
pmidin-5-yl)methv ppyrrol idin-3- yl)-1 .5-d
ihvdro-4H-pyrazolo[3.4-dipyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]py pmidin-4(5H)-one and
2- methylpyr imidine-5-carbaldehyde provided the title
compound 400 MHz 1H NMR (CD3OD) d 8 68 (s, 2H), 7 97
(s, 1H), 5 08-5 0 1 (m, 1H), 3 78-3 68 (m,2H)
3.08-2.92 (m, 4H), 2.74-2.67 (m, 1H), 2.65 (s, 3H),
2.36-2.32 (m, 1H), 1.48 (d, J = 6.6 Hz, 6H), 1.15 (d,
J = 7.1 Hz, 3H). MS: (M+H m/z = 368.1). EXAMPLE 42
S-H-benzylpyrrolidin-S-vO-i-cvclopentyl-I
.S-dihvdro^H-pyrazolore - diDyrimidin-4-o pe Following
the procedure for the preparation of
6-[(3,4-trans)-1-benzyl-
4-methylpyrrolidin-3-yl]-1-(2-methoxyphenyl)-1
,5-dihydro-4H-pyrazolo[3,4- d]pyrimidin-4-one but
substituting 5-amino-1-cyclopenty!-1 H-pyrazole-4-
carboxamide and methyl
1-benzylpyrrolidine-3-carboxylate provided the title
compound. 400 MHz 1H NMR (CDCI3) d 8.01 (s, 1H),
7.39-7.32 (m, 4H), 7.27-7.23 (m, 1H), 5.12-5.09 (m,
1H), 3.84 (d, J =12.4 Hz, 1H), 3.61 (d, J =12.4 Hz,
1H), 3.30-3.26 (m, 1H), 3.18-3.14 (m, 1H), 3.01 (d, J
= 9.9 Hz 1H), 2.45-2.32 (m, 3H), 2.1 1-1 .90 (m, 7H),
1.71-1.65 (m, 2H). MS: (M+H m/z = 364.1 ) . EXAMPLE 43
1-isopropyl-6-((3S,4S)-1-f(6-methoxy
rvhdin-3-yl)methyn-4-methylpyrrolidin-3- yl)-1
,5-dihydro-4H-pyrazolor3,4-dipyrimidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyridin-3-ylmethyl)pyrrolidin-3-yl]
-1 ,5-dihydro-4Hpyrazolo[ 3,4-d]pyrimidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4-
methylpyrrolidin-3-yl]-1
H-pyrazolo[3,4-d]pyrimidin-4(5H)-one and 6-methoxy
picotinaldehyde provided the title compound 400 MHz 1H
NMR (CDCI3) d 8 02 (S, 2H), 7 72 (m, 1H), 6 77 (d, J =
8 3 Hz, 1H), 3 90 <s, 3H), 3 73-3 53 (m, 2H), 3 39-3
33 (m, 1H) 3 30 (m, 1H), 2 8 (m, 1H), 2 55-2 40 (m,
1H), 1 9 (m, 1H), 1 57-1 53 (m, 2H), 1 52-1 47 (m,
6H), 1 19 (d, J = 6 6 Hz, 3H) MS (M H m/z = 383 2)
EXAMPLE 44 (a) 6-((3,4-trans)-4-ethylpyrrohd
in-3-yl)-1- isopropyl-1 H-pyrazolof3,4- dipyr
imidin-4(5H)-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3S,4S)-
4-methylpyrrol idin-3-yl]-1 H-pyrazolo[3 4-d]pyr
imidin-4(5H)-one but substituting the
6-[(3,4-trans)-1-benzyl-4-ethylpyrrol idin-3-yl]-1-
isopropyl-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]py
pmidin-4-ope provided the title compound 400 MHz 1H
NMR (CD3OD) d 8 02 (s, 1H), 5 10 (m, 1H), 3 78-3 60
(m, 3H), 3 32-3 28 (m, 1H), 3 10 (m, 1H), 2 62 (m,
1H), 1 65 (m, 1H), 1 58 (m, 1H), 1 49 (dd, J = 6 6 , 1
7 Hz, 6H), 0 97 (t, J = 7 5 Hz, 3H) MS (M+H m/z = 276
1) (b)
6-f(3.4-trans)-4-ethyl-1-(Quinolin-3-ylmethylbyrrolidi
n-3-vn-1-isoproDyl- 1.5-d ihvdro-4H-pyrazolor3.4-diPyr
imidin-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(py pdin-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]py
pmidin-4-one but substituting
6-((3,4-trans)-4-ethyipyrrol idin- 3-yl)-1-
isopropyl-1 H-pyrazolo[3,4-d]py pmidin-4(5H)-one and
quinol ine-3-carbaldehyde provided the title compound.
400 MHz 1H NMR (CD3OD) d 8.86 (d, J = 2.1 Hz, 1H),
8.29 (d, J = 1.7 Hz 1H), 7.98 (d, J = 8.3 Hz, 1H),
7.97 (s, 1H), 7.89 (d, J = 8.3 Hz, 1H), 7.73-7.68 (m,
1H), 7.59-7.55 (m, 1H), 5.05- 4.98 (m, 1H), 3.94-3.85
(m, 2H), 3.13-3.09 (m, 1H), 3.02-2.94 (m, 3H),
2.57-2.52 (m, 1H), 2.39-2.34 (m, 1H) 1.58-1 .48 (m,
2H) 1.48 (d, J = 6.6 Hz, 6H) 10.87 (t, J = 7.05 Hz,
3H). MS: (M+H m/z = 417.0). EXAMPLE 45
6-((3.4-trans)-4-ethyl-1-f(6-methoxypyrid
in-3-yl)methyllpyrrolidin-3-yl}-1- isopro ryl-1
.5-dihvdro-4H-pyrazolof3,4-dipy pmidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrolid in-3-yl]-1
,5-dihydro-4Hpyrazolo[ 3,4-d]pynmidin-4-one but
substituting 6-((3,4-trans)-4-ethylpyrrolid in-
3-yl)-1- isopropyl-1 H-pyrazolo[3,4-d]py pmid
in-4(5H)-one and 6- methoxynicotinaldehyde provided
the title compound. 400 MHz 1H NMR (CDCI3) 10.83 (brs,
1H), 8.02 (d, J = 2.1 Hz, 1H), 8.00 (s, 1H), 7.69 (dd,
J = 8.7, 2.1 Hz, 1H), 6.77 (d, J = 8 3 Hz, 1H),
4.98-4.94 (m, 1H) 3.89 (s, 3H) 3.69-3 54 (m, 2H) 3.29
(t, J = 8.5 Hz, 1H) 2.98 (d, J = 9.9 Hz, 1H), 2.88-
2.87 (m, 1H), 2.55 (m, 1H), 2.18 (m, 1H) 1.91 (m, 1H)
1.60-1 .55 (m, 1H), 1.51-1 .47 (m, 7H), 0.91 (t, J =
7.5 Hz 3H). MS: (M+H m/z = 397.0). EXAMPLE 46
6-r(3.4-trans)-4-ethyl-1-(quinoxalin-6-ylmethyl)pyrrol
idin-3-yll-1-isopropyl-1 .5-
dihvdro-4H-pyrazolof3.4-dlPyr imidin-4-oneFollowing
the proce 



\ du Jr e for the preparation 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyridin-3-ylrnethyl)pyrrolidin-3-yl
]-1 ,5-dihydro-4Hpyrazolo[ 3,4-d]pyrimidin-4-one but
substituting 6-((3,4-trans)-4-ethylpyrrolidin-
3-yl)-1-isopropyl-1
H-pyrazolo[3,4-d]pyrimidin-4(5H)-one and
quinoxaline-6- carbaldehyde provided the title
compound. 400 MHz 1H NMR (CDCI 3) d 10.83 (brs, 1H),
8.81 (s, 2H), 7.79 (d, J = 2.5 Hz, 1H), 8.15-7.92 (m,
3H), 4.99-4.92 (m, 1H), 3.98-3.86 (m, 2H), 3.35 (t, J
= 8.7 Hz, 1H), 3.04 (d, J = 9.9 Hz, 1H), 2.92-2.91 (m,
1H) 2.61-2.57 (m, 1H), 2.25-2.2 (m, 1H), 2.02 (t, J =
8.7 Hz, 1H) 1.64-1 .52 (m, 1H), 1.50-1 .45 (m, 7H),
0.91 (t, J = 7.5 Hz, 3H). MS: (M+H m/z = 418.1).
EXAMPLE 47 methylpyrrolidin-3-ylH
,5-dihydro-4H-pyrazolo[3,4-dipyrimidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyridin-3-ylmethyl)pyrrolidin-3-yl]
-1 ,5-dihydro-4Hpyrazolo[ 3,4-d]pyrimidin-4-one but
substituting 1-cyciopentyl-6-((3S,4S)-4-
methylpyrrolidin-3-yl]-1 H-pyrazolo[3,4-d]py
pmidin-4(5H)-one and 1,3- dimethyl-1
H-pyrazole-5-carbaldehyde provided the title compound.
400 MHz 1H NMR (CDCI3) d 7.99 (s, 1H), 5.95-5.94 (m,
1H), 5.14-5.09 (m, 1H), 3.87 (s, 3H), 3.81 (s, 1H),
3.66 (q, J = 14.5 Hz, 2H) 3.33 (t, J = 8.3 Hz, 1H),
3.03(d, J = 9 9 Hz, 1H), 2 84-2 82 (m, 1H), 2 59-2 55
(m, 1H), 2 44-2 4 1 (m, 1H), 2 20-2 19 (m, 3H), 2 12-1
90 (m, 5H), 1 70-1 65 (m, 2H), 1 25-1 18 (m, 3H) MS
(M+H m/z = 396 1) EXAMPLE 48
1-cvclopentyl-6-r(3S,4S)-4-methyl-1 -(4,5,6.
7-tetrahvdropyrazoloH .5-alPyr idin- 3-yl methyl)
pyrrol idin-3-yll-1 .5-d ihvdro-4H-pyrazolor3.4-dlpyr
imidin-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pyr idin-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one but substituting
1-cyclopentyl-6-[(3S,4S)-4- methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and 4,5,6,7-
tetrahydropyrazolo[1 ,5-a]pyr idine-3-carbaldehyde
provided the title compound 400 MHz 1H NMR (CDCI3) d 7
99 (s, 1H), 7 35 (s, 1H), 5 16-5 09 (m, 1H) 4 11-4 06
(m, 2H) 1 3 68 (d, J = 13 3 Hz, 1H), 3 57 (d, J = 13 3
Hz, 1H), 3 32 (t, J = 8 7 Hz, 1H), 3 00 (d, J = 9 9
Hz, 1H), 2 94-2.80 (m, 2H), 2 78-2 77 (m, 1H), 2 49-2
45 (m, 1H), 2 38-2 33 (m, 1H), 2 11-1 83 (m, 11H), 1
73-1 6 1 (m, 2H), 1 17 (d, J = 7 1 Hz, 3H) MS (M+H m/z
= 422 1) EXAMPLE 49 i-cvclope
ptyl-e-fOS^SM-methyl-i-fM-methyl-I H-be pzimidazol- -
yl)methvnpyrrol idin-3-yl>-1 .5-d
ihvdro-4H-pyrazolof3.4-dlpyr imidin-4-oneFollowing the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylrnethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-cyclopentyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
1-methyl- 1H-benzo[d] imidazole-2-carbaldehyde
provided the title compound 400 MHz 1H NMR (CDCI3) d 7
98 (s, 1H) 7 73 (m, 1H), 7 35 (dd, J = 7 1, 1 2 Hz
1H), 7 29-7 2 1 (m, 2H), 5 13-5 09 (m, 1H), 4 11-4 06
(m, 2H) 1 3 97 (s, 3H), 3 37 (t, J = 8 3 Hz 1H) 3 06
(d, J = 10 4 Hz 1H), 2 88-2 85 (m, 1H), 2 77-2 73 (m,
1H), 2 16-1 92 (m, 8H) 1 70-1 66 (m, 2H), 1 2 1 (d, J
= 7 1 Hz, 3H) MS (M+H m/z = 432 1) EXAMPLE 50 1-
isopropyl-6-{(3S.4SV4-methyl-1-f(5-methylpyraz
in-2-yl)methvnpyrrol idin-3- yl)-1
5-dihvdro-4H-pyrazolof3,4-dlPyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-{(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
5- methylpyraz ine-2-carbaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) 11 4 (brs, 1H) 8 49
(s, 1H), 8 44 (s, 1H), 7 99 (s, 1H), 5 00- 4 93 (m,
1H) 4 00-3 97 (m, 1H), 3 78-3 67 (m, 1H), 3 33 (t, J =
8 3 Hz, 1H), 3 04 (d, J = 9 9 Hz, 1H) 2 85-2 82 (m,
1H) 2 65-2 6 1 (m, 1H) 2 49 (s, 3H) 2 48-2 4 1 (m 1H)
2 13 (t, J = 8 5 Hz 1H) 1 46 (dd, J = 11 6,6 6 Hz, 6H)
1 17 (d J = 7 05 Hz 3H) MS (M H m/z = 368 1) EXAMPLE 5
1
e-fOS^SM-fcinnolin-S-ylmethvD^-methylDyrrolidin-S-vn-i
-cvclopentyl-I .Sd ihvdro-4H-pyrazolor3,4-dlpyrim
idin-4-oneFollowing the procedure for the preparation
of 1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrral idin-3-yl]-1,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-cyclopentyl-6-{(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]py pmidin-4(5H)-o pe and
cinnol ine-3- carbaldehyde provided the title compound
400 MHz 1H NMR (CDCI 3) d 8 49 (Cl J = 8 7 Hz, 1H), 8
16 (s, 1H), 8 0 1 (s, 1H), 7 93 (d, J = 7 9 Hz, 1H), 7
83- 7 8 1 (m, 1H), 7 79-7 7 (m, 1H), 5 16-5 09 (m,
1H), 4 47-4 44 (m, 1H), 4 35-4 32 (m, 1H), 3 49-3 45
(m, 2H), 3 10-3 07 (m, 1H), 2 87-2 7 1 (m, 2H), 2 49-2
48 (m, 1H), 2 23 (m, 1H), 2 11-1 87 (m, 5H), 1 73-1 63
(m, 2H), 1 22 (d, J = 7 1 Hz, 3H) MS (M+H m/z = 430 1)
EXAMPLE 52 (a) 1-cvclopentyl-6-f(3,4-trans)-4-(tr
ifluoromethyl)pyrrol idin-3-vn-1 HDyrazolo[ 3,4-diDyr
imidin-4(5H)-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3S,4S)-
4-methylpyrrol idin-3-yl]-1 H-pyrazolo[3,4-d]pyr
imidin-4<5H)-one but substituting the 6-[(3,4-trans)-1
-benzyl-4-(tr ifluoromethyl)pyrrol idin-3-yl]-1
-cyclopentyl-1 ,5- dihydro-4H-pyrazolo[3,4-d]pyr
imidin-4-one provided the title compound 400 MHz 1H
NMR (CD3OD) d 7 98 (s, 1H), 5 23 (m, 1H), 3 73 (m,
1H), 3 42 (m, 2H), 3 10 (m, 2H), 2 19-1 92 (m, 7H), 1
75 (m, 2H), 1 23-1 19 (m, 3H)(b) 1-cyclope
ptyl-6-f(3,4-tra ps)-1-(qu inoxal ip -6-ylmethyl)-4-
ftr ifluoromethy qpyrrol idip -3-yl]-1,5-d
ihydro-4H-pyrazolof3,4-d1py pmidip-4-one Following the
procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-cyclopentyl-6-[(3,4-trans)-4-
(tpfluoromethyl)pyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]py pmidin-4(5H)-one and quinoxal
ine-6-carbaldehyde provided the title compound 400 MHz
1H NMR (CDCI3) d 8 80 (s, 1H), 8 08 (d, J = 8 3 Hz,
1H), 7 99 (m, 1H), 7 86-7 83 (m, 1H), 5 13-5 10 (m,
1H), 4 88 (s, 1H), 3 96-3 88 (m, 2H), 3 50-3 35 (m,
2H), 3 17 (t, J = 9 9 Hz, 1H), 3 03-2 99 (m, 1H) 2
92-2 88 (m, 1H), 2 79-2 75 (m, 1H), 2 11- 1 90 (m,
6H), 1 71-1 65 (m, 1H) EXAMPLE 53
1-cvclopentyl-6-((3S,4S)-4-methyl-1-f(2-methylpyr
imidin-4-yl)methylipyrrol idin- 3-yl\-1 ,5-d
ihvdro-4H-pyrazolof3,4-diPyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-cyclopentyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
2- methyl rypmidine-4-carbaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) 8 60 (d J = 5 4 Hz 1H)
8 03 (s, 1H), 7 24 (s 1H), 5 18-5 10 (m, 1H) 3 97-3 94
(m 1H), 3 72-3 68 (m, 1H) 3 40 (t, J = 8 3 Hz, 1H), 3
15(d, J = 9 5 Hz, 1H), 2 89 (m, 1H) 2 73 (s, 3H), 2
68-2 63 (m, 1H), 2 53-2 47 (m, 1H), 2 15-1 89 (m, 7H),
1 74-1 65 (m, 2H), 1 2 1 (d, J = 7 1 Hz, 3H) MS (M+H
m/z = 394 1) EXAMPLE 54 1-cvclopentyl-6-[
3S.4S)-1-(r2-(d imethylam ino)Dyrimidin-4-vnmethyl)-4-
methylpyrrol idip -3-vn-1
5-dihvdro-4H-pyrazolor3,4-dipyr imidin-4-one 



SEE Following the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-cyclopentyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]py pmidin-4(5H)-one and
2- (dimethylam ino)py pmidine-4-carbaldehydeprov ided
the title compound 400 MHz 1H NMR (CDCI3) d 8 24-8 2 1
(m, 1H), 8 00-7 99 (m, 1H), 6 52-6 50 (m, 1H) 5 13-5
10 (m, 1H), 3 72-3 68 (m, 1H), 3 56-3 52 (m, 1H), 3
46-3 40 (m, 3H), 3 17-3 11 (m, 7H), 2 84-2 82 (m, 1H),
2 64-2 60 (m, 1H), 2 44-2 38 (m, 1H) 2 06-1 92 (m,
5H), 1 66-1 65 (m, 2H), 1 20-1 16 (m, 3H) MS (M+H m/z
= 423 1) EXAMPLE 55 (a)
1-cvclopentyl-6-f(3,4-trans)-4-cvclopropylpyrrol
idin-3-vn-1H-pyrazolof3.4- dipy pmidin-4(5H)-one
Following the procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- -methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]py pmidin-4(5H)-one but substituting
-[(3,4-trans)-1 -benzyl-4-cyclopropylpyrrol
idin-3-yl]-1 -cyclopentyl-1 ,5-d
ihydro4H-pyrazolo[3,4-d]pynm idip -4-one provided the
title compound 400 MHz 1H NMR (CDCI3) d 8.08-7.94 (m,
1H), 5.17-5.10 (m, 1H), 3.39-3.34 (m, 1H), 3 29-3 28
(m, 2H), 3.17-3 14 (m, 1H), 2 13-1 9 1 (m, 7H), 1 78-1
67 (m, 3H), 0.82 (m, 1H), O47-0 44 (m, 2H), O13-0.08
(m, 2H). MS: (M+H m/z = 314.2). (b)
1-cyclopentyl-6-((3,4-trans)-4-cyclopropyl-1-f(5-methy
lpyraz in-2- vnmethylipyrrolidin-3-ylV1
.5-dihvdro-4H-pyrazolof3.4-diPyrimidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- 4-methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]py pmidin-4(5H)-one but substituting
1-cyclopentyl-6-[(3,4-trans)-4-cyclopropylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4- d]py pmidin-4(5H)-one and
5-methylpyraz ine-2-carbaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) 8.52 (d, J = 0 8 Hz,
1H), 8.46 (s, 1H), 8.00 (s, 1H), 5 14-5.10 (m, 1H),
4.04-4.01 (m, 1H), 3.78-3 75 (m, 1H), 3 35 (t, J = 8 7
Hz, 1H), 3.15-3 09 (m, 2H), 2.66-2.64 (m, 1H), 2.52
(s, 3H), 2 38 (t, J = 8 7 Hz, 1H), 2.1 1-2 0 1 (m,
3H), 1.96-1 .91 (m, 2H), 1.73-1 .65 (m, 2H) 1.24-1 .20
(m, 1H), 0.59-0 83 (m, 2H), 0 53-0.49 (m, 2H), 0 23-0
11 (m, 2H) MS (M+H m/z = 420 1) EXAMPLE 56
1-cvclopentyl-6-f(3,4-trans)-4-cyclopropyl-1-(qu
inoxal in-6-yl methyl )pyrrol idin- 3-yl1-1 ,5-d
ihydro-4H-pyrazolof3,4-d1pyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- -methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-one but substituting
-cyclopentyl-6-[(3,4-trans)-4-cyclopropylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidip -4(5H)-one
and quinoxaline-6-carbaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) d 8 82 (s, 2H)1 8 14
(d, J = 8 7 Hz, 1H), 8 00 (s, 2H), 7 96-7 94 (m, 1H),
5 16-5 09 (m, 1H), 3 98-3 95 (m, 2H), 3 35 (t, J = 8 3
Hz, 1H), 3 15-3 08 (m, 2H), 2 70 (m, 1H), 2 27 (m,
1H), 2 15-1 88 (m, 6H), 1 74-1 62 (m, 3H) 0 91-0 87
(m, 1H), 0 55-0 47 (m, 2H), 0 21-0 09 (m, 2H) MS (M+H
m/z = 456 1) EXAMPLE 57
1-cvclopentyl-6-[(3,4-trans)-4-cvclopropyl-1-methylpyr
rol idin-3-yl]-1 ,5-d ihvdro- 4H-pyrazolof3,4-dipy
pmidin-4-one Following the procedure for tpe
preparation of 1-cyclopentyl-6-[(3S,4S)-
4-methylpyrrol idip -3-yl]-1 H-pyrazolo[3,4-d]pyr
imidin-4(5H)-one but substituting
1-cyclopentyl-6-[(3,4-trans)-4-cyclopropylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4- d]pyr imidin-4(5H)-o pe
and formaldehyde provided the title compound 400 MHz
1H NMR (CDCI3) d 8 0 1 (s, 1H), 5 19-5 11 (m 1H), 3 3
1 (d, J = 8 7 Hz, 1H), 3 14-3 13 (m, 1H), 3 06 (d, J =
9 9 Hz, 1H), 2 57 (m, 1H), 2 43 (s, 3H), 2 14-1 9 1
(m, 7H), 1 75-1 64 (m, 3H), 0 91-0 82 (m, 1H), 0 53-0
50 (m, 2H), 0 20-0 14 (m, 2H) MS (M+H m/z = 328 2)
EXAMPLE 58 6-f(3.4-trans)-1
-benzyl^-methylpyrrolidin-S-ylH -ethyl-1 ,5-d
ihydro-4Hpyra2 qlo[3,4-d1pyrimidin-4-one Following the
procedure for the preparation of 6-[(3,4-trans)-1-be
pzyl- -methylpyrrol idin-3-yl]-1-(2-methoxyphenyl)-1
,5-d ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting 5-am ino-1-ethyl-1 H-pyrazole-4-
carboxamide provided the title compound 400 MHz 1H NMR
(CDCI3) d 8 02 (s, 1H), 7 42-7 27 (m, 5H), 4 38-4 30
(m, 2H) 3 83-3 80 (m, 1H), 3 63-3 59 (m, 1H), 3 49-3
35 (m, 1H), 2 99 (d, J = 10 3 Hz, 1H), 2 83-2 80 (m,
1H), 2 55-2 50 (m, 1H), 2 44-2 378 (m, 1H), 1 95-1 90
(m, 1H), 1 47 (t, J = 7 1 Hz, 3H) 1 22 (t, J = 10.3
Hz, 3H) MS (M+H m/z = 338 1) EXAMPLE 59 (a)
6-((3S,4S)-4-ethylpyrrol idin-3-yl)-1- isopropyl-1
H-pyrazolof3,4-dipy pmidin- 4(5H)-one Following the
procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- 4-methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-one but substituting
6-[(3S,4S)-1-benzyl-4-ethylpyrrol idip -3-yl]-1-
isopropyl-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one provided the title compound 400 MHz 1H
NMR (CD3OD) d 8 02 (s, 1H), 5 10 (m, 1H), 3 78-3 60
(m, 3H), 3 32-3 28 (m, 1H), 3 10 (m, 1H), 2 62 (m,
1H), 1 65 (m, 1H), 1 58 (m, 1H), 1 49 (dd, J = 6 6 , 1
7 Hz, 6H), 0 97 (t, J = 7 5 Hz, 3H) MS (M+H m/z = 276
1) (b) 6-((3,4-trans)-4-ethyl-1-f(2-methylpyr
imidin-5-yl)methyllPyrrol idin-3-yl}-1- isopropyl-1
,5-d ihvdro-4H-pyrazolor3,4-dlpyr imidin-4-one
Following the procedure for the preparation of
1-cyclopentyl-6-[(3S,4S)- -methylpyrrol idin-3-yl]-1
H-pyrazolo[3 4-d]pyr imidin-4(5H)-one but substituting
-((3S 4S)-4-ethylpyrrol idin-3-yl)-1- isopropyl-1
H-pyrazolo[3,4-d]py pmidin4(5H)-one and 2-methylpyr
imidine-5-carbaldehyde provided the title compound 400
MHz 1H NMR (CDCI3) d 10 8 (brs, 1H), 8 62 (s, 2H) 1 8
0 1 (s, 1H) 5 00-4 93 (m, 1H), 3 66 (s, 2H), 3 25-3 20
(m, 1H), 3 02 (d, J = 9 9 Hz, 1H), 2 95-2 92 (m, 1H) 2
70 (s, 3H), 2 62-2 58 (m, 1H), 2 28-2 23 (m, 1H), 1 98
(t, J = 8 7 Hz, 1H), 1 62-1 52 (m, 1H), 1 48 (t, J = 6
6 Hz 6H), 1 46- 1 42 (m 1H), 3 08 (t, J = 7 5 Hz 3H)
MS (M+H m/z = 382 2) EXAMPLE 60 (a)
1-(tetrahvdro-2H-pyran-4-yl)hydraz ine To a solution
of tetrahydropyran-4-one (71 6 g , 715 mmol) in
methanol (2 L) was added tert-butylcarbazate (100 g
758 mmol) at ambient temp The mixture was stirred at
ambient temp for 20 h The reaction mixture was
concentrated under reduced pressure to dryness to
afford a white solid (154 g) To a suspension of the
white solid ( 154 g , 715 mmol) in water ( 1 L) was
added acetic acid (500 mL, 8 73 mol) and the mixture
was stirred for 30 mm to get a clear solution To this
solution, solid NaCNBH 3 (44 5 g , 708 mmol) was added
portion-wise The mixture was stirred at ambient temp
for 2 h The mixture was then transferred to a 12 L
flask, cooled to 0 C, and quenched with 1N NaOH (8 73
L 8 73 mol) The mixture was extracted with CH2Cl2 (3 x
3 L) and dried over Na2SO The organic layer was
filtered and concentrated to afford a white solid (164
g , contains -15% of N-acetyl-N'-Boc-hydrazine
derivative) Chromatography [silica, ethyl acetate/MeOH
(95 5] gave 94 g of 90% pure boc-hydrazine A solution
of boc-hydrazine (50 g , 231 mmol) in methanol (500
mL) was added a solution of HCI in dioxane (462 mL, 1
85 mol, 4 0 M) The mixture was stirred at ambient temp
overnight Concentration of the reaction mixture under
reduced pressure afforded the title compound as a
white solid (43 g 98%) 400 MHz 1H NMR (DMSO) d 3 85-3
82 (m, 2H), 3 27-3 2 1 (m, 2H) 3 13-3 05 (m 1H) 1 88-1
84 (m 2H), 1 48-1 38 (m 2H) MS (M+H m/z = 117 2)(b)
5-amino-1-(tetrahvdro-2H-pyran-4-yl)-1
H-pyrazole-4-carbonitrile To a mixture of
1-(tetrahydro-2H-pyran-4-yl)hydraz ipe di-hydrogen
chloride (18g, 96 mmol) in 200 mL of EtOH was added
Et3N (3Og, 40 ml_, 288 



mmol) at O0C (ice bath) The resulting mixture was
stirred for 1 h , then a solution of
2-(ethoxymethylene)malonon itrile (12 g , 96 mmol) in
100 mL of EtOH was added slowly to keep the reaction
temp below 5 0C. This mixture was stirred at ambient
temp overnight and then heated to reflux for 2 hr.
After removal of the solvent under vacuum, the residue
was washed with 300 mL of water The solid was
collected, washed with additional 200 mL of water, 200
mL of 1 1 of hexane and ether, dried to give 17 g of
yellow solid 400 MHz 1H NMR (CD3OD) d 7 7 1 (s, 1H), 4
29-4.21 (m, 1H), 4 02 (dd, J = 11.6, 4 6 Hz, 2H), 3 28
(t, J = 1 7 Hz, 2H), 2 12-2 02 (m, 2H), 1 80-1 76 (m,
2H) MS (M+H m/z = 193 1) (c) 5-am ino-1
-(tetrahvdro-2H-pyran-4-yl)-1 H-pyrazole-4-carboxam
ide A stirred solution of 5-am
ino-1-(tetrahydro-2H-pyran-4-yl)-1 H-pyrazole-
4-carbonit ple (-228 mmol) in etha pol (300 mL) was
treated with 35% aqueous H2O2 (100 mL) followed by
aqueous ammonia (300 mL) The reaction mixture was
stirred for 48 h at ambient temp and then quenched
with aq saturated sodium thiosulfate (800 mL) and
concentrated under reduced pressure to remove most of
the ethanol The resulting solid was removed by
filtration and washed with water (2 x 200 mL) and
ether (2 x 150 mL) The solid was dped in vacuo to
constant weight (31 g , 65% yield for 2 steps) 400 MHz
1H NMR(CD3OD) d 7 67 (s, 1H), 4 27-4 2 1 (m, 1H), 4 03
(dd, J = 11 6 , 4 6 Hz, 2H), 3 28 (t, J = 1 7 Hz, 2H),
2 14-2 04 (m, 2H), 1 81-1 78 (m, 2H) MS (M H m/z = 382
2) (d) 6-r(3.4-tra ps)-1-be pzyl-4-methylpyrrol
idin-3-yl1-1-(tetrahvdro-2H-pyran-4- ylV1 .5-d
ihvdro-4H-pyrazolof3,4-diPyr imidip-4-one To a mixture
of 5-am ino-1-(tetrahydro-2H-pyran-4-yl-1H-pyrazole-4-
carboxamide (6 0 g , 28 54 mmol) and
(3,4-trans)-methyl 1-bepzyl-4- methylpyrrol
idine-3-carboxylate (13 3 g , 57 08 mmol) was added
molecular sieves (pellets) To the stirred mixture was
added a 1 0 M solution of f-BuOK in THF (57 1 ml, 57
08 mmol) and the resulting mixture was heated at
reflux under an atmosphere of nitrogen with vigorous
stirring overnight Analysis of the reaction mixture by
LC/MS indicated consumption of the starting material
The reaction mixture was cooled to ambient temp and
solids were removed by filtration The solids were
washed with EtOAc (2 x) and the combined filtrates
were concentrated under reduced pressure The remainder
was partitioned between CH2C and H2O and the aqueous
and organic layers were separated The aqueous phase
was extracted with CH2CI2 ( 1 x) and the combined
organic extracts were dried over Na2SO,*, filtered and
concentrated under reduced pressure The remaining
residue was purified by chromatography (silica gel, 1
% Et3N in EtOAc) to afford the title compound (7 8 g ,
70% yield) as an off-white solid 400 MHz 1H NMR
(CDCI3) d 8 02 (s, 1H) 7 39-7 25 (m, 6H) 4 83-4 75 (m,
1H), 4 14-4 09 (m, 2H), 3 82 (m, 1H), 3 62-3 54 (m,
3H), 3 39-3 37 (m, 1H), 3 00 (m 1H), 2 83 (m, 1H), 2
66-2 27 (m, 4H), 2 10-1 83 (m, 3H), 1 20 (d, J = 6 6
Hz 3H) MS (M H m/z = 394 2)EXAMPLE 6 1
6-ff3S,4S)-1-benzyl-4-methylpyrrol idip
-3-yl1-1-(tetrahydro-2H-pyran-4-yl)-1 ,5- dihvdro-4H-
ryrazolor3,4-dlpyr imidip-4-one Si) The racemate of
Example 60 was separated on Chiralcel OD-H chiral HPLC
column, Mobile Phase 70/30 Heptane/EtOH, TR = 11 465,
to provide the enantiomer 400 MHz 1H NMR (CDCI3) d 8
02 (s, 1H), 7 39-7 25 (m, 6H), 4 82-4 76 (m, 1H), 4
14-4 09 (m, 2H), 3 82-3 79 (m, 1H), 3 62-3 54 (m, 3H),
3 37 (d, J = 8 7 Hz, 1H), 3 00 (d, J = 9 9 Hz , 1H), 2
79 (dd, J = 6 3 , 2 5 Hz , 1H), 2 52-2 48 (m, 1H), 2
42-2 30 (m, 3H), 1 94-1 82 (m, 3H), 1 20 (d, J = 6 6
Hz 3H) MS (M+H m/z = 394 2) EXAMPLE 62 (a)
(3,4-trans)-ethyl-1-benzyl-4-(2.2.2-tr
ifluoroethyl)pyrrol idine-3-carboxylate Following the
procedure for the preparation of (3,4-trans)-methyl-1-
benzyl-4-methylpyrrol idine-3-carboxylate but
substituting <E)-methyl-5,5,5- trifluoropent-2-enoate
provided the title compound 400 MHz 1H NMR (CDCb) d 7
32-7 2 1 (m, 5H), 4 18-4 10 (m, 2H), 3 67-3 55 (m,
2H), 2 90-2 63 (m, 4H) 2 43-2 34 (m, 2H) 2 24-2 15 (m,
1H), 1 27-1 22 (m, 3H), 0 88-0 85 (m, 1H) (b)
6-r(3,4-trans)-1-benzyl-4-(2.2.2-tr
ifluoroethyl)pyrrol idin-3-yl]-1-cyclopentyl- 1.5-d
ihvdro-4H-pyrazolor3,4-dipyr imidin-4-oneFollowing the
procedure for the preparation of
6-[(3,4-trans)-1-benzyl- 4-methylpyrrolidi
p-3-yl]-1-(2-methoxyphenyl)-1
,5-dihydro-4H-pyrazolo[3,4- d]pyrimidin-4-one but
substituting 5-amino-1-cyclopentyl-1 H-pyrazole-4-
carboxamide and
(3,4-trans)-ethyl-1-benzyl-4-(2,2,2-trifluoroethyl)
pyrrolidine- 3-carboxylate provided the title
compound. 400 MHz 1H NMR (CDCI3) d 8.02 (S IH) 1
7.36-7.26 (m, 5H), 5.12-5.08 (m, 1H), 3.85-3.81 (m,
1H), 3.60-3.57 (m, 1H), 3.42 (t, J = 8.3 Hz, 1H), 3
02-2.96 (m, 2H), 2.64 (m, 1H), 2.53-2.44 (m, 2H)
2.34-1 .89 (m, 6H) 1.81-1 .62 (m, 4H). EXAMPLE 63 (a)
1-(4,4-difluorocvclohexyl)hydrazine To a solution of
4,4-difluorocyclohexanol (0.9g) in toluene was added
triphenyl phosphine (2.6g) and
di-f-butyldiazacarboxalate ( 1 .82g) and the reaction
mixture stirred for 18 h . The reaction mixture was
concentrated and methanol was added (13mL). To the
methanol solution HCI in dioxane (4M, 13 ml.) was
added. The reaction mixture was stirred for 3 h and
concentrated. The reaction mixture was partitioned
between water and ethyl acetate. The layers were
separated and the aqueous layer was extracted 3x with
ethyl acetate. The organic layer was dried with
magnesium sulfate, filtered and concentrated. The
title compound was used without purification in the
preparation of 5-amino-1-(4,4-difluorocyclohexyl)-1
H-pyrazole-4-carbonitrile. 400 MHz 1H NMR (CD3OD) d
2.15-2.07 (m, 4H), 2.00-1 .81 (m, 2H), 1.68- 1.58
(m,2H). (M+H m/z = 279.0).(b) 5-am ino-1-(4,4-d
ifluorocvciohexyl)-1 H-pyrazole-4-carbon itrile
Following the procedure for the preparation of 5-am
ino-1-(2- methoxyphenyl)-1 H-pyrazole-4-carbon itrile
but substituting 1-(4,4- difluorocyclohexyl)hydraz ine
provided the title compound 400 MHz 1H NMR (CDCI3) d 7
5 (m, 1H), 3 90 (m, 1H), 2 40-1 00 (m, 8H) (c) 5-am
ino-1 -(4.4-d ifluorocvclohexyl)-1
H-pyrazole-4-carboxam ide Following the procedure for
the preparation of 5-am ino-1-(2- methoxyphenyl)-1
H-pyrazole-4-carboxam ide but substituting 5-am
ino-1-(4,4- difluorocyclohexyl)-1 H-pyrazole-4-carbon
itrile provided the title compound 400 MHz 1H NMR
(CD3OD) d 8 0 1 (s, 1H), 4 19 (m, 1H), 2 22-1 90 (m,
8H) (d) 6-f(3,4-trans)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-(4,4-d ifluorocyclohexyl)- 1.5-d
ihydro-4H-pyrazolor3.4-dipyr imidin-4-one Following
the procedure for the preparation of 6-[(3
4-trans)-1-benzyl- 4-rnethylpy^rol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4- d]pypmidin-4-one but
substituting 5-am ino-1-(4,4-d ifluorocyclohexyl)-1
Hpyrazole- 4-carboxam ide provided the title compound
400 MHz 1H NMR(CDCI 3) d 8 00 (s, 1H), 7 40-7 25 (m,
5H), 4 73-4 67 (m, 1H), 3 85-3 82 (m, 1H), 3 64-3 6 1
(m, 1H), 3 38 (t, J=8 7 Hz, 1H), 3 00 (m, 1H), 2 83
(m, 1H) 1 2 56-2 52 (m, 1H), 2 43-2 25 (m, 5H), 2 04-1
90 (m, 5H), 1 20 (d, J = 7 1 Hz, 3H) M S (M +H m/z =
428 1 ) EXAMPLE 64 (a) 5-am
ino-1-(2,2.2-tpfluoroethyl)-1H-pyrazole-4-carbonitrile
Following the procedure for the preparation of
5-amino-1-(2- methoxyphenyl)-1 H-pyrazole-4-carbon
itple but substituting 1-(2,2,2- tpfluoroethyl)hydraz
ine provided the title compound 400 MHz 1H NMR (CDCI3)
d 7 60 (S 1H), 4 59 (m, 2H), 4 40 (brs, 2H) (b)
5-amino-1-(2,2 2-tpfluoroethyl)-1
H-pyrazole-4-carboxam ide 



Following the procedure for the preparation of
5-amino-1-(2- methoxyphenyl)-1 H-pyrazole-4-carboxam
ide but substituting 5-amino-1-
(2,2,2-tpfluoroethyl)-1 H-pyrazole-4-carbon itrile
provided the title compound 400 MHz 1H NMR (DMSO) 7 75
(s, 1H) 7 30 (brs, 1H), 6 78 (brs, 1H) 6 58 (m, 2H), 4
88 (m, 2H) (C) 6-f(3,4-trans)-1-benzyl-4-methylpyrrol
idin-3-vn-1-f2,2,2-tnfluoroethvn-1 ,5- dihvdro-4H-
ryrazolo[3.4-dlPyr imidin-4-one 1 Following the
procedure for the preparation of
6-[(3,4-trans)-1-benzyl- -methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting 5-amino-1-(2 2,2-t pfluoroethyI)-1
H-pyrazole- 4-carboxam ide provided the title compound
400 MHz 1H NMR (CDCI3) d 8 15 (s, 1H), 7 59-7 57 (m,
2H), 7 44-7 4 1 (m, 3H), 4 96 88 (m, 2H), 4 22- 4 11
(m, 2H), 3 57-3 37 (m, 4H), 2 85 (m, 2H), 1 26-1 23
(m, 3H) MS (M+H m/z = 392 1) EXAMPLE 65 1-
isopropyl-6-f(3S,4S)-4-methyl-1-(1 ,5-naphthyr
idin-4-ylmethyl)pyrrol idin-3-yl]- 1.5-d
ihvdro-4H-pyrazolo[3,4-d1pyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1
,5-dihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]py pmidin-4(5H)-one and
1,5- naphthyr idine-4-carbaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) d 9 09-9 08 (m, 1H), 8
95-8 87 (m, 1H), 8 44-8 39 (m, 1H), 8 00 (s, 1H), 7
73-7 70 (m, 1H), 7 67-7 64 (m, 1H), 5 00-4 96 (m, 1H),
4 56-4 53 (m, 1H) 4 33-4 29 (m, 1H), 3 34 (t, J = 8 3
Hz , 1H), 3 19 (d, J = 9 5 Hz , 1H), 2 91-2 82 (m,
2H), 2 47-2 43 (m, 1H), 2 12 (t, J = 8 3 Hz, 1H), 1 48
(dd, J = 9 9 , 6 6 Hz, 6H), 1 18 (d, J = 7 1 Hz, 3H)
MS (M+H m/z = 404 2) EXAMPLE 66 1-
isopropyl-6-r(3S,4S)-4-methyl-1-(1 ,8-naDhthyr
idin-4-ylmethv pyrrol idin-3-yl1- 1.5-d
ihydro-4H-pyrazolor3,4-d1pyr imidin-4-one1
S_3Followipg the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-ope but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
1,8- naphthyr idine-4-carbaldehyde provided the title
compound 400 MHz 1H NMR (CDCI3) 9 15 (dd, = 4 1, 1 7
Hz, 1H), 9 07 (d, J = 4 6 Hz, 1H), 8 69 (dd, J = 8 3 ,
1 66 Hz, 1H), 7 99 (s, 1H), 7 69-7 65 (m, 1H), 7 46
(d, J = 4 6 Hz, 1H), 5 00-4 93 (m, 1H), 4 14 (s, 3H),
3 26 (t, J = 8 3 Hz , 1H), 3 03 (d, J = 9 5 Hz , 1H),
2 92-2 90 (m, 1H), 2 80-2 76 (m, 1H), 2 52-2 43 (m,
1H), 1 50- 1 46 (m, 6H), 1 20 (d, J = 6 6 Hz, 3H) MS
(M+H m/z = 404 1) EXAMPLE 67 1-
isopropyl-6-f3S,45)-4-methyl-1-( auinol
in-4-ylmethyl)Dyrrol idin-3-v p- 1 .5-
dihvdro-4H-Pyrazolor3,4-dlpyrimidin -4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[{3,4- trans)-4-methyl-1-(py
pdin-3-ylmethyl)pyrrol idin-3-yl]-1,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
quinol ine-4- carbaldehyde provided the title compound
400 MHz 1H NMR (CDCI3) d 10 63 (brs, 1H), 8 85 (d, J =
4 6 Hz, 1H) 8 26-8 24 (m, 1H), 8 13-8 11 (m, 1H), 7 99
(s, 1H), 7 77-7 69 (m, 2H), 7 39 (d, J = 4 6 Hz, 1H),
5 00-4 94 (m, 1H), 4 13 (d, J = 3 3 Hz, 2H), 3 32 (t,
J = 8 3 Hz, 1H), 3 06 (d, J = 9 5 Hz, 1H) 2 89-2 87
(m, 1H), 2 74-2 70 (m, 1H), 2 46-2 42 (m, 1H), 2 04
(t, J = 8 7 Hz 1H), 1 48 (dd, J = 12 9 7 1 Hz 6H), 1
20 (d, J = 7 1 Hz, 3H) MS (M+H m/z 403 2) EXAMPLE 68
1- isopropyl-6-r(3S.4S)-4-methyl-1-(pyr
idof2,3-blpyraz in-8-ylmethyl)pyrro[ idin- 3-vn-1
5-dihvdro-4H-pyrazolof3,4-dipyr imidin-4-oneFollowing
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting 1-isopropyl-6-[(3S,4S)-4- methylpyrrol
idin-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
pyrido[2,3- b]pyraz ine-8-carbaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 10 00 (brs,
1H), 9 16-9 10 (m, 3H), 8 00 (s, 1H), 7 78 (m, 1H), 5
00-4 97 (m, 1H), 4 63-4 58 (m, 1H), 4 34-4 18 (m, 1H)
1 3 30 (m, 1H), 3 27 (m, 1H)1 2 92-2 77 (m, 2H), 2
49-2 38 (m, 1H), 2 09-1 97 (m, 1H), 1 48 (dd, J = 10 8
, 6 6 Hz, 6H), 1 20 (d, J = 6 6 Hz, 3H) MS (M+H m/z
405 2) EXAMPLE 69 1-isopropyl-6-{(3,4-trans)-1
-[(6-methoxy-1 ,5-naphthy pdin-4-yl)methyl]-4- methyl
ryrrol idin-3-yl}-1,5-d ihydro-4H-pyrazolo[3,4-d]py
pmidin-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(py pdin-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3 4-d]py
pmidin-4-one but substituting 1-
isopropyl-6-[(3,4-trans)-4- methyl ryrrol idip
-3-yl]-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
6-methoxy- 1,5-narhthyr idine-4-carbaldehyde provided
the title compound 400 MHz 1H NMR (CDCI3) d 8 78 (d, J
= 4 6 Hz, 1H), 8 2 1 (d, J = 9 1 Hz, 1H), 8 0 1 (s,
1H) 7 63 (m, 1H), 7 17 (d J = 9 1 Hz, 1H), 5 01-4 95
(m, 1H), 4 4 (m, 1H), 4 07 (s, 3H), 3 48 (m, 1H), 3 18
(m, 1H), 2 89-2 75 (m, 2H), 2 43 (m, 1H), 10-2 08 (m,
2H) 1 49 (dd J = 11 6 , 6 6 Hz 6H), 1 2 1 (d, J = 6 6
Hz 3H) MS (M+H m/z 434 2)EXAMPLE 70
6-((3,4-trans)-1-r(8-f1uoroQu inol
in-2-yl)methyll-4-methylpyrrol idip -3-yl)-1-
isopropyl-1 ,5-d ihydro-4H-pyrazolof3.4-d1pyr
imidin-4-one Following the procedure for the
preparation of 1-cyclopentyl-6-[(3,4-
trans)-4-methyl-1-(pynd in-3-ylmethyl)pyrrol
idin-3-yl]-1 ,5-d ihydro-4Hpyrazolo[ 3,4-d]pyr
imidin-4-one but substituting 1-
isopropyl-6-[(3,4-trans)-4- methylpyrrol idin-3-yl]-1
H-pyrazolo[3,4-d]py pmidin-4(5H)-one and 8- fluoroqu
inol ine-2-carbaldehyde provided the title compound
400 MHz 1H NMR (CDCI3) d 8 27-8 25 (m, 1H), 8 04 (s,
1H), 7 86 {m, 1H), 7 66-7 60 (m, 1H), 7 50-7 38 (m,
2H), 5 04-4 97 (m, 1H), 4 30 (m, 1H), 4 18 (m, 1H), 3
47 (m, 2H), 3 28 (m, 1H) 3 00 (m, 1H) 2 59 (m, 1H), 2
40 (m, 1H), 1 50 <dd, J = 11 2 , 6 6 Hz, 6H) 1 22 (d,
J = 7 1 Hz, 3H) MS (M+H m/z 421 2) EXAMPLE 7 1 1-
isopropyl-6-((v)-1-r(6-methoxyqu inol
in-4-yl)methvn-4-methylpyrrol idin-3-yl>- 1.5-d
ihvdro-4H-pyrazolof3,4-dlpyr imidin-4-one Following
the procedure for the preparation of
1-cyclopentyl-6-[(3,4- trans)-4-methyl-1-(pyr
idin-3-ylmethyl)pyrrol idin-3-yl]-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]py pmidin-4-one but
substituting 1- isopropyl-6-[(3,4-trans)-4-
methylpyrrol idin-3-yl]-1 H-pyrazolo[3,4-d]py
pmidin-4(5H)-one and 6- methoxyqu ip
oline-4-carbaldehyde provided the title compound 400
MHz 1H NMR (CD3OD) d 8 87 (d, J = 5 0 Hz, 1H), 8 08
(d, J = 9 5 Hz, 1H), 8 00-7 95 (m, 2H), 7 70 (d J = 2
5 Hz, 1H), 7 6 1 (d, J = 2 9 Hz, 1H), 5 03-4 97 (m,
1H), 4 08 (s 3H), 4 08-4 02 (m, 3H) 3 91-3 86 (m, 2H),
3 46-3 4 1 (m, 1H), 3 33 (s,1H) 2 94 (m, 1H), 1 48 (d,
J = 7 1 Hz, 3H), 1 42 (d, J = 6.6 Hz, 3H), 1.21 (d, J
= 6 6 Hz, 3H) MS (M+H m/z 433 2) EXAMPLE 72 (a) 5-am
ino-1 -cyclobutyl-1 H-pyrazole-4-carbon itrile
Following the procedure for the preparation of 5-am
ino-1-(2- methoxyphenyl)-1 H-pyrazole-4-carbon itple
but substituting 1- cyclobutylhydrazine provided the
title compound. 400 MHz 1H NMR (CDCI3) d 7.50 (S, 1H),
4 48-4 40 (m, 1H), 4 23 (m, 2H), 2 70-2.58 (m, 2H),
2.48-2.35 (m, 2H), 1 97-1 .79 (m, 2H). MS (M+H m/z
163.1 ) . (b) 5-am ino-1 -cyclobutyl-1
H-pyrazole-4-carboxam ide 



Following the procedure for the preparation of 5-am
ino-1-(2- methoxyphenyl)-1 H-pyrazole-4-carboxam ide
but substituting 5-am ino-1- cyclobutyl-1
H-pyrazole-4-carbon itrile provided the title compound
400 MHz 1H NMR (CD3OD) d 7.71 (s, 1H), 4 71-4 55 (m,
1H), 2 61-2.50 (m,2H), 2 46-2.31 (m, 2H), 1 89-1 83
(m, 2H). (C)
e-rO^-transVI-benzyl^-methylpyrrolidin-S-vn-i-cvclobut
yl-I .S-dihvdro- 4H-Dyrazolo[3,4-dipy pmidin-4-one
Following the procedure for the preparation of
6-[(3,4-trans)-1-benzyl- -methylpyrrol
idin-3-yl]-1-(2-methoxyphenyl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one but
substituting 5-amino-1-cyclobutyl-1 H-pyrazole-4-
carboxamide provided the title comoound 400 MHz 1H NMR
(CDCI3) d 8 03 (d, J = 3 32 Hz, 1H), 7 35-7 24 (m,
5H), 5 25-5 20 (m, 1H), 3 79-3 57 (m, 3H), 3 36-3 32
(m, 1H), 2 98 (d, J = 9 9 Hz, 1H), 2 80-2 60 <m, 3H),
2 53- 2 38 (m, 3H), 1 92-1 79 (m, 3H), 1 25-1 12 (m,
3H) MS (M+H m/z 464 2) EXAMPLE 73 (a)
6-f(3S,4S)-4-methylpyrrol
idin-3-yll-1-(tetrahvdro-2H-pyra
p-4-vn-1HDyrazolor3,4- dlpyr imidin-4(5H)-one
6-[(3S,4S)-1-benzyl-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4- yl)-1 ,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one (5 6g) was
dissolved in 100 mL of methanol and added to a Parr
bottle Palladium hydroxide (3 76g) was added along
with 3 56 mL of concentrated hydrochloric acid The
reaction mixture was placed on a hydrogenator under 40
psi of H2 for 18h The reaction mixture was filtered
through Celite and concentrated to provide 4 47g of
the title compound as the hydrogen chloride salt 400
MHz 1H NMR (CD3OD) d 8 03 (s, 1H), 4 49 (m, 1H), 4
09-4 06 (m, 2H), 3 74-3 57 (m, 4H), 3 24 (m, 1H), 3 05
(m, 1H), 2 89 (m, 1H), 2 77 (m, 1H), 2 30 (m, 2H), 1
90 (m, 2H), 1 22 (d, J = 6 6 Hz, 3H) MS (M+H m/z = 304
2) (b) 6-((3S,4S)-4-methyl-1-f(2-methylpyr
imidin-5-vnmethylipyrrol idin-3-yll-1-
ftetrahvdro-2H-pyran-4-yl)-1
,5-dihvdro-4H-pyrazolof3.4-dipyrimidin-4-one Si)To a
solution of 6-[(3S,4S)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyran- 4-yl)-1
H-pyra2olo[3,4-d]pyr imidin-4(5H)-one hydrogen
chloride (493 mg) in 1,2-d ichloroethane (1OmL) was
added acetic acid (174 mg), 2- methylpy
pmidine-5-carbaldehyde (236 mg) and sodium triacetoxy
borohyd pde (635 mg) The reaction mixture was heated
at 50C overnight The reaction mixture was concentrated
onto silica gel and purified by CombiFlash
chromatography to provide the title compound (146 mg)
400 MHz 1H NMR (CDCI3) d 8 63 (s, 2H), 8 0 1 (s, 1H),
4 82-4 76 (m, 1H), 4 12-4 08 (m, 2H), 3 68 (d, J = 5 0
Hz, 3H), 3 64-3 54 (m, 2H), 3 28 (t, J = 8 3 Hz, 1H),
3 04 (d, J = 9 9 Hz, 1H), 2 89-2 86 (m, 1H), 2 7 1 (s,
3H), 2 66-2 62 (m, 1H), 2 49-2 27 (m, 3H), 1 97 (t, J
= 7 9 Hz, 1H), 1 91-1 83 (m, 2H), 1 19 (d, J = 7 05
Hz, 3H) MS (M+H m/z 410 2) EXAMPLE 74
6-f(3.4-trans)-4-ethyl-1-f(2-methylPyr
imidin-5-yl)methvnpyrrol idin-3-yl)-1-
(tetrahvdro-2H-pyran-4-yl)-1
,5-dihvdro-4H-pyrazolof3,4-dipy pmidin^-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyr
imidin-5-yl)methyl]pyrrol
idin-3-yl}-1-<tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one but
substituting 6-[(3,4-trans)- 4-ethylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1
H-pyrazolo[3,4- d]pyr imidin-4(5H)-one hydrogen
chloride provided the title compound 400 MHZ 1H NMR
(CDCI 3) 10 55 (brs, 1H), 8 64 (s, 2H), 8 0 1 (S 1H),
4 81-4 73 (m, 1H) 4 11-4 09 (m, 2H), 3 68 (s, 2H), 3
61-3 53 (m, 2H), 3 28 (t, J = 8 7 Hz, 1H), 3 03 (d, J
= 9 9 Hz 1H), 2 94-2 92 (m, 1H), 2 7 1 (s, 3H), 2 57-2
53 (m, I H), 2 40-2 20 (m, 3H), 1 96 (t, J = 8 7 Hz,
1H), 1 89-1 84 (m, 2H), 1 64-1 57 (m, 1H) 1 52-1 44
(m, 1H), 0 9 1 (t, J = 7 1 Hz, 3H) MS (M+H m/z 424
3)EXAMPLE 75 6-^3S.4S)-4-methyl-1-f(5-methylpyraz
in-2-yl)methynpyrrol idin-3-yl}-1-
(tetrahvdro-2H-pyran-4-yl)-1 ,5-d
ihvdro-4H-pyrazolor3,4-dlpyr imidin-4-one Following
the procedure for the preparation of
6-{<3S,4S)-4-methyl-1- [(2-methylpyr
imidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyra2 qlo[3,4-d]py pmidin-4-one but
substituting 5- methylpyraz ine-2-carbaldehyde
provided the title compound 400 MHz 1H NMR (CDCI3) d 8
53 (s, 1H), 8.47 (s, 1H)1 8.03 (s, 1H), 4 83-4.79 (m,
1H), 4 12-4 03 <m, 2H), 3 78-3 75 (m, 1H), 3 61-3 55
(m, 2H), 3.46-3 40 (m, 1H), 3 12-3 09 (m, 1H), 2 87
(m, 1H), 2 64 (m, 1H), 2.53 (m, 2H), 2 47-2 28 (m,
4H), 2 16 (m, 2H), 1 91-1 84 (m, 2H), 1 23-1 .20 (m,
3H) MS. (M+H m/z 410 3) EXAMPLE 76
6-ff3S,4S)-1-r(6-methoxypyr
idin-3-yl)methvn-4-methylpyrrol idin-3-yl)-1-
Ctetrahvdro-2H-pyran-4-yl)-1,5-d
ihvdro-4H-pyrazolof3,4-dipyr imidip-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidip-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one but
substituting 6- methoxynicotmaldehyde provided the
title compound 400 MHz 1H NMR (CDCI3) d 8 03 (d, J = 2
1 Hz, 1H), 8 0 1 (s, 1H), 7 69 (dd, J = 8 7 , 2 5
Hz,1H), 7.77 (d, J = 8.7 Hz, 1H), 4.83-4.75 (m, 1H),
4.14-4.08 (m, 2H), 3.89 (s, 3H), 3.72-3.68 (m, 1H),
3.62-3.3.54 (m, 3H), 3.33 (t, J = 8.3 Hz, 1H), 2.99
(d, J = 9.9 Hz, 1H), 2.84-2.82 (m, 1H), 2.57-2.53 (m,
1H), 2.43-2.27 (m, 3H), 1.95-1 .82 (m, 3H), 1.19 (d, J
= 6.6 Hz, 3H). MS: (M+H m/z 425.3). EXAMPLE 77
6-r(3S,4S)-4-methyl-1-(Quinoli p-3-ylrriethyl)py
olidin-3-yl1-1-(tetrahvdro-2HDyran- 4-yl)-1
.5-dihvdro-4H-pyrazolo[3.4-dipyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting quinoline-3- carbaldehyde provided the
title compound. 400 MHz 1H NMR (CDCb) d 8.86 (d, J =
2.1 Hz 1H), 8.27 (d, J = 1.7 Hz, 1H), 8.08-8.06 (m,
1H), 8.03 (S I H) 7.90-7.57 (m, 1H), 7.70-7.66 (m,
1H), 7.56-7.52 (m, 1H), 4.83-4.75 (m, 1H), 4.1 1-4.07
(m, 2H), 4.02-3.99 (m, 1H), 3.85-3.82 (m, 1H),
3.60-3.53 (m, 2H), 3.33 (t, J = 8.3 Hz, 1H), 3.05 (d,
J = 9.9 Hz1 1H), 2.87-2.85 (m, 1H), 2.68- 2.60 (m,
1H), 2.53-2.40 (m, 1H), 2.38-2.29 (m, 2H), 2.05 (m,
1H), 1.90-1 .84 (m, 2H), 1.19 (d, J = 6.6 Hz, 3H). MS:
(M+H m/z 445.1 ) . EXAMPLE 78
6-((3S,4S)-4-methyl-1-r(2-methylpyrimidin-4-yl)methyll
pyrrolidin-3-yl)-1- (tetrahvdro-2H-pyran-4-yl)-1
,5-dihvdro-4H-pyrazolof3,4-dlpyrimidin -4-oneFollowing
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyr
imidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahyciro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidip -4-one but
substituting 2- methylpyr imidine-4-carbaldehyde
provided the title compound 400 MHz 1H NMR (CDCI3) d 8
59 (d, J = 5 0 Hz, 1H), 8 03 (S 1H), 7 20 (d, J = 5 0
Hz, 1H) 4 84-4 76 (m, 1H), 4 13-4 08 (m, 2H), 3 97-3
93 (m, 1H), 3 70-3 67 (m, 1H), 3 61-3 53 (m, 2H), 3 40
(t, J = 8 3 Hz, 1H), 3 14 (d, J = 9 5 Hz, 1H), 2 88
(m, 1H), 2 72 (s, 3H), 2 69-2 63 (m, 1H), 2 47-2 27
(m, 3H), 2 10-2 08 (m, 1H), 1 91-1 83 (m, 2H), 1 2 1
(d, J = 7 1 Hz, 3H) MS (M+H m/z 410 2) EXAMPLE 79
6-f(3S,4S)-4-methyl-1-f(6-methylDyr
idin-3-yl)methyllDyrrol idin-3-yl)-1-
(tetrahydro-2H-pyran-4-yl)-1.5-dihvdro-4H-pyrazolor3.4
-dipyrimidin -4-one Following the procedure for the
preparation of 6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidin-5-yl)methyl]pyrrol idin-3-yl}-1
-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting 6- methylmcotinaldehyde provided the
title compound 400 MHz 1H NMR (CD3OD) d 8 38 (d, J = 2
1 Hz, 1H), 7 99 (s, 1H), 7 77 (d, J = 2 07 Hz, 1H), 



7 75 (d, J = 2 07 Hz, 1H), 4 94-4 83 (m, 1H), 4 09 05
(m, 2H), 3 78-3 57 (m, 4H), 3 31-3 28 (m, 1H), 3 11-3
06 (m, 1H), 3 01-2 9 1 (m, 2H), 2 72-2 65 (m, 1H) 2 50
(s, 3H), 2 33-2 23 (m, 3H) 1 90-1 86 (m, 2H), 1 14 (d,
J = 7 1 Hz, 3H) MS (M+H m/z 409 2) EXAMPLE 80
6-rf3S.4S)-4-methyl-1-ff6-ftr ifluoromethyl)pyr
idin-3-vnmethyl>pyrrol idip -3-vn-1-
ftetrahvdro-2H-pyran-4-yl)-1 ,5-d
ihvdro-4H-pyrazolof3,4-dipy pmidin-4-oneFollowing the
procedure for the preparation of
6-{(3S,4S)-4-methyl-1- f(2-methylpyr
imidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pynmidin-4-one but
substituting 6- (tpfluoromethyl)n icotinaldehyde
provided the title compound 400 MHz 1H NMR (CDCI3) d 8
64 (d, J = 1 7 Hz, 1H), 8 0 1 (s, 1H), 7 99 (d, J = 1
7 Hz, 1H), 7 70 (d, J = 8 3 Hz, 1H), 4 83-4 77 (m,
1H), 4 13-4 08 (m, 2H), 3 86- 3 74 (m, 2H), 3 61-3 53
(m, 2H), 3 30 (t J = 8 7 Hz, 1H), 3 03 (d, J = 9 9 Hz,
1H), 2 92-2 89 (m, 1H), 2 72-2 67 (m, 1H), 2 50-2 47
(m, 1H)1 2 38-2 30 (m, 2H), 2 07-2 03 (m, 1H), 1 91-1
82 (m, 2H), 1 20 (d, J = 7 1 Hz, 3H) MS (M+H m/z 412
2) EXAMPLE 8 1 6-((3S.4S)-4-methyl-1-f(1-methyl-1 H-
imidazof4.5-clDv pdin-2- vpmethyliPyrrol
idin-3-yl>-1-(tetrahvdro-2H-pyran-4-yl)-1 ,5-d
ihydro-4Hpyrazolof3,4- d1py pmidin-4-one Following the
procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyr
imidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting 1-methyl-1 H- imidazo[4,5-c]pyr
idine-2-carbaldehyde provided the title compound 400
MHz 1H NMR (CDCI3) d 10 83 (brs 1H) 9 0 1 (s, 1H), 8 4
1 (d, J = 15 8 Hz, 1H), 7 98(s, 1H), 7.30 (d, J = 4.98
Hz, 1H), 4.79-4.75 (m, 1H), 4.13-4.06 (m, 3H), 4.00-
3.96 (s, 4H), 3.60-3.52 (m, 2H), 3.30 (t, J = 8.7 Hz,
1H), 3.07 (d, J = 9.9 Hz, 1H), 2.92-2.89 (m, 1H),
2.82-2.77 (m, 1H), 2.48-2.45 (m, 1H), 2.36-2.27 (m,
2H), 2.19-2.17 (m, 1H), 1.89-1 .79 (m, 2H), 1.23 (d, J
= 6.6 Hz, 3H). MS: (M+H m/z 449.2). EXAMPLE 82
6-(f3S.4S)-1-f p
.3-dimethyl-1H-Dyrazol-5-yl)methvn-4-methylpy
olidin-3-yl>-1- (tetrahvdro-2H-pyran-4-yl)-1
.5-dihvdro-4H-pyrazolof3,4-dlpyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting 1,3-dimethyl- 1H-pyrazole-5-carbaldehyde
provided the title compound. 400 MHz 1H NMR (CDCI3)
7.98 (S, 1H), 5.94 (s, 1H), 4.81-4.75 (m, 1H), 4.57
(s, 1H), 4.1 1- 4.06 (m, 2H), 3.84 (s, 2H) 3.77 (s,
1H), 3.71-3.52 (m, 2H), 3.31 (t, J = 8.3 Hz, 1H), 3.01
(d, J = 9.9 Hz, 1H), 2.85-2.83 (m, 1H), 2.62-2.57 (m,
1H), 2.46-2.25 (m, 2H), 2.17-2.16 (m, 6H), 1.96-1 .81
(m, 2H), 1.18 (d, J = 6.6 Hz, 3H). MS: (M+H m/z
412.2). EXAMPLE 83 (a)
i-cyclobutyl-e-KS^-transH-rnethylpyrrolidin-S-yli-IH-p
yrazolors^- diPyrimidin-4(5H)-oneFollowipg the
procedure for the preparation of 6-[(3S,4S)-4-
methylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1H
-pyrazolo[3,4- d]pyrimidin-4(5H)-one but substituting
6-[(3,4-trans)-1-benzyl-4-
methylpyrrolidin-S-yll-i-cyclobutyl-I.S-dihydro^H-pyra
zolo ^-dlpyrimidin^- one provided the title compound.
400 MHz 1H NMR (CD3OD) d 8.03 (s, 1H), 5.39 (m, 1H),
3.79-3.38 (m, 4H), 3.08-2.71 (m, 4H), 2.43 (m, 2H),
1.92 (m, 2H), 1.22 (m, 3H). MS: (M+H m/z 464.2). (b)
1-cvclobutyl-6-((3,4-trans)-4-methyl-1-R2-methylpyrimi
din-5- yl)methylipyrrolidin-3-yl)-1
,5-dihvdro-4H-pyrazolor3.4-dipyhr pidin-4-one rj )
Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyrimidi
p-5-yl)methyl]pyrrolidin-3-yl}-1-(tetrahydro-2H-pyran-
4-yl)- 1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one
but substituting 1-cyclobutyl-6-
[(3,4-trans)-4-methylpyrrolidin-3-yl]-1
H-pyrazolo[3,4-d]pyrimidin-4(5H)-one provided the
title compound. 400 MHz 1H NMR (CDCI3) d 10.79 (brs,
1H), 8.63 (S, 2H), 8.04 (S, 1H), 5.28-5.22 (m, 1H),
3.68 (s, 2H), 3.24 (t, J = 8.3 Hz, 1H), 3.04 (d, J =
9.9 Hz, 1H), 2.89-2.87 (m, 1H), 2.80-2.67 (m, 5H),
2.51-2.38 (m, 3H), 2.03-1.81 (m, 4H), 1.18 (d, J = 7.1
Hz, 3H). MS: (M+H m/z 480.2). EXAMPLE 84
6-rf3S.4S)-1-f2.1
,3-benzothiadiazol-5-ylmethyl)-4-methylDyrr
lidin-3-vn-1- ftetrahvdro-2H-pyran-4-yl)-1
.5-dihvdro-4H-pyrazolof3,4-d]pyrimidin -4-oneFollowing
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting benzo[c][1
,2,5]thiadiazole-5-carbaldehyde provided the title
compound. 400 MHz 1H NMR (CDCI3) d 10.97 (brs, 1H),
8.02-8.00 (m, 2H)1 7.86 (s, 1H), 7.77 (d, J = 1.2 Hz,
1H), 4.81-4.75 (m, 1H), 4.12-4.06 (m, 2H), 3.96-3.92
(m, 1H), 3.81-3.78 (m, 1H) 3.60-3.52 (m, 2H), 3.38 (t,
J = 8.3 Hz, 1H), 3.03 (d, J = 9.9 Hz, 1H), 2.88-2.85
(m, 1H), 2.68-2.63 (m, 1H), 2.47-2.45 (m, 1H),
2.37-2.28 (m, 2H), 2.04 (t, J = 8.7 Hz, 1H), 1.90-1
.80 (m, 2H), 1.21 (d, J = 7.1 Hz, 3H). MS: (M+H m/z
452.1 ) EXAMPLE 85 6-r(3S.4S)-4-methyl-1-(
auinoxalin-2-ylmethyl)pyrrolidin-3-yl1-1-ftetrahvdro-2
HDyran- 4-yl)-1 ,5-dihvdro-4H-Dyrazolof3,4-dipyrimidin
-4-one Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidi p-4-o pe but
substituting quinoxaline-2- carbaldehyde provided the
title compound. 400 MHz 1H NMR (CDCI3) d 11.57 (brs,
1H), 8.89 (s, 1H), 8.26 (dd, J = 8.3, 1.2 Hz, 1H),
8.08-8.05 (m, 2H), 7.78-7.70 (m, 2H) 4.82 (m, 1H),
4.32-4.28 (m, 1H), 4.13-4.08 (m, 2H), 4.00-3.96 (m,
1H), 3.63-3.55 (m, 2H), 3.44 (t, J = 8.3 Hz, 1H), 3.26
(d, J =9.9 Hz, 1H), 2.93-2.91 (m, 1H), 2.70-2.69 (m,
1H), 2.39-2.31 (m, 2H), 2.25- 2.23 (m, 1H), 2.04 (s,
1H), 1.92-1 .84 (m, 2H), 1.23 (d, J = 7.1 Hz, 3H). MS:
(M+H m/z 446.2). EXAMPLE 86
6-f(3S,4S)-4-methyl-1-(quinolin-4-ylmethvnpyrrolidin-3
-yl1-1-(tetrahydro-2HDyra p-4-yl)-1
.5-dihvdro-4H-pyrazolof3.4-dipyrimidin-4-o pe
Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran^-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting quinoline-4- carbaldehyde provided the
title compound. 400 MHz 1H NMR (CDCI3) d 10.68 (brs,
1H), 8.83 (d, J = 4.1 Hz, 1H), 8.25-8.22 (m, 1H),
8.12-8.08 (m, 1H), 7.98 (s, 1H), 7.75-7.72 (m, 1H)
7.54 (d, J = 3.3 Hz, 1H), 7.36 (d, J = 3.3 Hz, 1H),
5.21 (m, 1H), 4.77 (m, 1H), 4.13-4.06 (m, 3H),
3.59-3.52 (m, 2H), 3.32 (d, J = 8.7 Hz, 1H), 3.03 (d,
J = 9.9 Hz, 1H), 2.88-2.86 (m, 1H), 2.72-2.69 (m, 1H),
2.36-2.28 (m, 3H), 2.04-2.00 (m, 1H), 1.89-1 .84 (m,
2H), 1.20 (d, J = 7.1 Hz, 3H). MS: (M+H m/z 445.1).
EXAMPLE 87
6-f(3S,4S)-4-methyl-1-(pyridin-2-ylmethyl)pyrrolidin-3
-vn-1-(tetrahvdro-2Hpyran- 4-yl)-1
,5-dihvdro-4H-pyrazolo[3.4-d1pyrimidin-4-oneTo a
solution of 6-[(3S,4S)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyra p-4-yl)-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-one hydrogen
chloride (3 98g) in dimethylformamide (60 ml.) was
added 2-py pdyl carbaldehyde ( 1 63g) followed by
acetic acid ( 1 34 ml_) and sodium tnacetoxy
borohydride (4 99g) The reaction mixture was stirred
for 20 minutes at ambient temperature and quenched
with 24 mL of 1 N NaOH solution The reaction mixture
was adjusted to pH 9 with saturated sodium bicarbonate
solution, extracted 3x with 



ethyl acetate and dried with magnesium sulfate,
filtered and concentrated to give 3 6g of the title
compound The free base was dissolve in ethyl acetate
and 25 mL of HCI/ethylacetate was added and stirred
The white solid was filtered and dried to provide 5
1Og of the title compound as a dihydrogen chloride
salt 400 MHz 1H NMR (CDCI3) d 8 64-8 63 (m, 1H), 8 03
(s, 1H), 7 72-7 67 (m, 1H), 7 43 (d, J = 7 9 Hz, 1H),
7 21-7 18 <m, 1H), 4 85-4 75 (m, 1H), 4 14-4 05 (m,
3H), 3 80-3 76 (m, 1H), 3 63-3 54 (m, 2H), 3 47-3 42
(m, 1H), 3 10 (m, 1H), 2 87 (m, 1H), 2 66 (m, 1H), 2
46-2 28 (m, 3H), 2 14 (m, 1H), 1 93-1 84 (m, 2H), 1 20
(d, J = 7 1 Hz, 3H) MS (M+H m/z 495 2) EXAMPLE 88 (a)
5-am ino-3-methyl-1 -(tetrahvdro-2H-pyran-4-vh-1
H-oyrazole-4- carbonit ple Following the procedure for
the preparation of 5-am ino-1-(2- methoxyphenyl)-1
H-pyrazole-4-carbon itple but substituting
1-(tetrahydro-2Hpyran- 4-yl)hydraz ine and
2-(1-methoxyethyl idene) malononit ple provided the
title compound 400 MHz 1H NMR (CD3OD) d 4 20 (m, 1H),
4 05 (m, 2H), 3 50 (m, 2H), 2 18 (s, 3H), 2 09 (m,
2H), 1 77 (m, 2H) MS (M+H m/z 207 0) (b) 5-am
ino-3-methyl-1 -(tetrahydro-2H-pyran-4-yl)-1
H-pyrazole-4 carboxamideFollowipg the procedure for
the preparation of 5-amino-1-(2- methoxyphenyl)-1
H-pyrazole-4-carboxamide but substituting 5-amino-3-
methyl-1-(tetrahydro-2H-pyran-4-yl)-1
H-pyrazole-4-carbonitrile provided the title compound.
400 MHz 1H NMR (CD3OD) 4.20 (m, 1H), 4.05 (m, 2H),
3.50 (m, 2H), 2.18 (s, 3H), 2.09 (m, 2H), 1.77 (m,
2H). MS: (M+H m/z 225.0). (C)
6-r(3S.4S)-1-benzyl-4-methylpyrrolidin-3-yl1-3-methyl-
1-(tetrahvdro-2Hpyran-
4-yl)-1,5-dihvdro-4H-pyrazolo[3,4-dipyrimidin-4-one
Following the procedure for the preparation of
6-[(3,4-trans)-1-benzyl-
4-methylpyrrolidin-3-yl]-1-(2-methoxyphenyl)-1
,5-dihydro-4H-pyrazolo[3,4- d]pyrimidin-4-o pe but
substituting
5-amino-3-methyl-1-(tetrahydro-2H-pyran-4- yl)-1
H-pyrazole-4-carboxamide and
(3S,4S)-methyl-1-benzyl-4-
methylpyrrolidine-3-carboxylate provided the title
compound. 400 MHz 1H NMR (CDCI3) d 8.51-7.30 (m, 5H),
4.75-4.68 (m, 1H), 4.13-4.08 (m, 2H), 3.84- 3.73 (m,1
H), 3.63-3.48 (m, 2H), 3.40 (m,1 H), 3.10-2.78 (m,
2H), 2.55 (s, 3H), 2.50-2.24 (m, 3H), 1.87-1 .80 (m,
2H), .61-1 .41 (m, 3H), 1. 1 9 (d, J = 6.6 Hz, 3H).
MS: (M+H m/z = 408.1 ) . EXAMPLE 89
64f3S,4S)-1-(3-fluorobenzyl)-4-methylpyrrolidin-3-yl1-
1-(tetrahydro-2H-pyran- -yl)-1
,5-dihvdro-4H-pyrazolo[3.4-dipyrimidin -4-oneFollowing
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting sodium cyanoborohydride and 3-fluorobe
pzaldehyde provided the title compound. 400 MHz 1H NMR
(CDCI3) d 8.02 (s,1H), 7.35-7.30 <m, 1H), 7.21-7.20
(m, 1H) 7.05 (d, J = 9.5 Hz 1H), 6.98-6.93 (m, 1H),
4.83-4.77 (m, 1H), 4.14-4.08 (m, 2H), 3.80-3.77 (m,
1H), 3.64-3.54 (m, 3H), 3.36 (t, J = 8.8 Hz, 1H), 3.01
(d, J = 9.9 Hz, 1H), 2.84-2.83 (m, 1H), 2.57 (m, 1H),
2.44-2.27 (m, 3H), 1.95-1 .83 (m, 3H), 1.20 (d, J =
7.1 Hz, 3H). MS: (M+H m/z 412.4). EXAMPLE 90
6-f(3S.4S)-1-(3.5-difluorobenzyl)-4-methylpyrrolidin-3
-vn-1-(tetrahvdro-2HPyran- 4-yl)-1
,5-dihydro-4H-pyrazolo[3,4-dipyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting sodium cyanoborohydride and
3,5-difluorobenzaldehyde provided the title compound.
400 MHz 1H NMR (CDCI3) d 8.03 (S I H) 6.93-6.90 (m,
2H), 6.73-6.69 (m, 1H), 4.81 -4.80 (m, 1H), 4.14-4.10
(m, 2H), 3.79-3.67 (m, 2H), 3.62-3.55 (m, 2H),
3.30-3.26 (m, 1H), 3.10-3.07 (m, 1H), 2.95-2.92 (m,
1H), 2.83-2.79 (m, 1H), 2.26-2.53 (m, 1H) 2.38-2.32
(m, 2H), 2.1 8-2.14 (m, 1H), 1.91-1 .85 (m, H), 1. 1 8
(d, J = 7.1 Hz, 3H). MS: (M+H m/z 430.4).EXAMPLE 9 1
6-^3S,4SM-methyl-1-r4-(trifluoromethyl)be
pzyl1pyrrolidin-3-yl>-1-(tetrahvdro- 2H-pyran-4-yl)-1
,5-dihydro-4H-pyrazolof3.4-dipyrimidin-4-one Si)
Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
f(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting 4- (trifluoromethyl)benzaldehyde provided
the title compound. 400 MHz 1H NMR (CDCI3) d 8.03 (S,
1H), 7.62-7.59 (m, 2H), 7.51-7.49 (m, 2H) 4.83-4.76
(m, 1H) 4.14-4.08 (m, 2H), 3.87-3.84 (m, 1H),
3.70-3.67 (m, 1H), 3.61-3.54 (m, 2H), 3.34 (t, J = 8.3
Hz, 1H), 3.01 (d, J = 9.9 Hz, 1H), 2.88-2.86 (m, 1H),
2.67-2.62 (m, 1H), 2.48-2.46 (m, 1H), 2.38-2.30 (m,
2H), 2.05-2.00 (m, 1H), 1.81-1 .82 (m, 2H), 1.19 (d, J
= 7.1 Hz 3H). MS: (M+H m/z 462.4). EXAMPLE 92
3-methyl-6-r(3S.4S)-4-methyl-1-(pyridin-3-ylmethvnpyrr
olidin-3-yll-1- ftetrahydro-2H-pyran-4-yl)-1
,5-dihydro-4H-pyrazolof3.4-dipyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting 3-methyl-6-
[(3S,4S)-4-methylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyr
an-4-yl)-1 H-pyrazolo[3,4-d]pyrimidin-4(5H)-one and
nicotinaldehyde provided the title compound. 400 MHz
1H NMR (CDCI3) d 8.53 (m, 2H), 7.83 (d, J = 7.9 Hz,
1H), 7.36-7.33 (m, 1H), 4.74-4.68 (m, 1H), 4.12-4.07
(m, 2H), 3.79-3.76 (m, 1H), 3.68-3.65 (m, 1H),
3.59-3.52 (m, 2H), 3.47 (S 1H), 3.34 (t, J = 8.7 Hz,
1H), 2.99 (d, J = 9.9 Hz, 1H), 2.82-2.80 (m, 1H),
2.61-2.57 (m, 1H), 2.54 (s, 3H), 2.42-2.28 (m, 2H),
1.95 (t, J = 8.7 Hz, 1H), 1.87-1.78 (m, 2H), 1. 1 9
(d, J = 7.1 Hz, 3H). MS: (M+H m/z 409.2). EXAMPLE 93
(a)
3-methyl-6-r(3S.4S)-4-methylpyrrolidin-3-yll-1-(tetrah
ydro-2H-pyran-4-yl)-
1H-Pyrazolor3.4-dipyrimidin-4(5H)-one Following the
procedure for the preparation of 6-[(3S,4S)-4-
methylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1
H-pyrazolo[3,4- djpyrimidin-4(5H)-one but substituting
6-[(3S,4S)-1-benzyl-4-methylpyrrolidin-
3-yl]-3-methyl-1-(tetrahydro-2H-pyran-4-yl)-1,5-dihydr
o-4H-pyrazolo[3,4- d]pyrimidin-4-one provided the
title compound. 400 MHz 1H NMR (CDCI3) d 4.85-4.81 (m,
1H), 4.08-4.04 (m, 2H), 3.61-3.55 (m, 2H) 3.31-3.28
(m, 3H), 2.84-2.82 (in, 1H), 2.60-2.53 (m, 2H), 2.49
(s, 3H), 2.29-2.25 (m, 2H), 1.85- 1.81 (m, 2H), 1.12
(d, J = 6.2 Hz, 3H). MS: (M+H m/z = 249.1 ) . (b)
3-methyl-6-((3S,4SM-methyl-1-f(2-methylpyrirr
iidin-5-yl)rnethyliDyrroliclin-
3-yl)-1-(tetrahvdro-2H-pyran-4-vn-1,5-dihydro-4H-pyraz
olof3,4-dipyrimidin-4- oneFollowing the procedure for
the preparation of 6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidi
p-5-yl)methyl]pyrrolidin-3-yl}-1-(tetrahydro-2H-pyran-
4-yl)- 1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one
but substituting 3-methyl-6-
[(3S,4S)-4-methylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyr
an-4-yl)-1 H-pyrazolo[3,4- d]pyrimidin-4(5H)-one
provided the title compound. 400 MHz 1H NMR (CDCI3) d
8.63 (S 2H), 4.74-4.68 (m, 1H), 4.1 1-4.08 (m, 2H),
3.74-3.63 (m, 2H), 3.60-3.52 (m, 2H), 3.28 (t, J = 8.3
Hz, 1H), 3.03 (d, J = 9.5 Hz 1 1H), 2.85- 2.83 (m,
1H), 2.71 (s, 3H), 2.65-2.61 (m, 1H), 2.53 (s, 3H),
2.48-2.29 (m, 2H), 1.98 (t, J = 8.7 Hz, 1H), 1.87-1
.80 (m, 3H), 1.19 (d, J = 7.1 Hz, 3H). MS: (M+H m/z
424.2). EXAMPLE 94 



6-(f3S.4S)-1-r(6-methoxyDyridin-3-yl)methyl1-4-methylD
yrrolidin-3-yl>-3-methyl-
1-(tetrahvdro-2H-Dyran-4-yl)-1
,5-dihvdro-4H-pyrazolo[3.4-diPyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting 3-methyl-6-
[(3S,4S)-4-methylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyr
an-4-yl)-1 H-pyrazolo[3,4-d]pyr imidin-4(5H)-one and
6-methoxyn icot inaldehyde provided the title compound
400 MHz 1H NMR (CDCI3) d 8.03 (d, J = 2.1 Hz, 1H),
7.69 (dd, J = 8.7, 2 1 Hz 1H), 6.78 (d, J = 9 1 Hz,
1H), 4 74-4.68 (m, 1H), 4.13-4.07 (m, 2H), 3 89 (s,
3H), 3 70-3.67 (m, 1H), 3 59-3 5 1 (m, 2H), 3 32 (t, J
= 8.7 Hz, 1H), 2 97 (d, J = 9 9 Hz, 1H), 2 79-2.77 (m,
1H), 2.54 (s, 3H), 2.53-2.50 (m, 1H), 2.41-2.29 (m,
2H), 1 92-1 78 (m, 3H), 1.30-1 .18 (m, 2H), 10 86 (t,
J = 76 6 Hz, 3H) MS (M+H m/z 439 2) EXAMPLE 95
6-{(3S,4S)-4-methyl-1-[(6-methylpyr
idin-2-yl)methyl]pyrrol idin-3-yl}-1-
(tetrahydro-2H-pyran-4-yl)-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyrim
idin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one but
substituting sodium cyanoborohydride and 6-methylp
icohnaldehyde provided the title compound. 400 MHz 1H
NMR (CDCI3) d 8.02 (s, 1H), 7 57 (t, J = 7 7 Hz 1H),
7.20 (d, J = 7 9 Hz, 1H), 7 03 (d, J = 7.5 Hz, 1H),
4.83-4.77 (m, 1H), 4.13-4.08 (m, 2H), 3.99-3 95 (m,
1H), 3 72-3 69 (m, 1H), 3 62-3 54 (m, 2H), 3.42 (t, J
= 8.3 Hz, 1H), 3.06 (d, J = 9 9 Hz, 1H), 2.85-2 83 (m,
1H), 2 64-2.57 <m, 1H) 2.55 (s, 3H), 2 44-2.29 (m,
3H), 2 08-2 03 (m, 1H), 1 91-1 .82 (m, 2H), 1.20 <t, J
= 7.1 Hz, 3H) MS (M+H m/z 409.1 ) EXAMPLE 96
6-ff3S.4S)-1-(4-fluorobenzyl)-4-methylpyrrol
idin-3-vn-1-(tetrahvdro-2H-pyran- -vp- 1.5-d
ihydro-4H-pyrazolof3,4-dlpy pmidin~4-oneFollowing the
procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting sodium cyanoborohydride and
4-fluorobenzaldehyde provided the title compound 400
MHz 1H NMR (CDCI3) d 8 02 (s, 1H), 7 36-7 33 (m, 2H),
7 05-7 0 1 (m, 2H), 4 82-4 77 (m, 1H), 4 14-4 09 (m,
2H), 3 79-3 76 (m, 1H), 3 62-3 54 (m, 3H), 3 34 (t, J
= 8 3 Hz, 1H), 2 99 (d, J = 9 9 Hz, 1H), 2 85-2 83 (m,
1H), 2 60- 2 55 (m, 1H), 2 45-2 30 (m, 3H), 1 99-1 82
(m, 3H), 1 20 (d, J = 7 1 Hz, 3H) MS (M+H m/z 412 1)
EXAMPLE 97 (a) 6-r(3,4-trans)-1-benzyl-4-ethylpyrrol
idin-3-vn-1-ftetrahydro-2H-pyran-4-yl)- 1.5-d
ihydro-4H-pyrazolof3,4-dipyr imidin-4-one Following
the procedure for the preparation of 6-[(3,4-tra ps)-1
-benzyl- 4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1 ,5-d
ihydro-4Hpyrazolo[ 3,4-d]pyr imidin-4-one but
substituting (3,4-trans)-ethyl 1-benzyl-4-
methylpyrrol idine-3-carboxylate provided the title
compound 400 MHz 1H NMR (CDCI3) d 8 02 (s, 1H), 7 40-7
26 (m, 5H), 4 78 (m, 1H), 4 12-4 09 (m, 2H), 3 82-3
804 (m, 1H), 3 65-3 54 (m, 3H), 3 35 (t, J = 8 3 Hz,
1H), 2 98 (d, J = 9 9 Hz, 1H), 2 89-2 86 (m, 1H), 2
48-2 32 (m, 3H), 2 20 (m, 1H), 1 95-1 87 (m, 2H), 1
63-1 58 (m, 2H), 1 50-1 49 (m, 1H)1 0 93 (t, J = 7.1
Hz, 3H) MS (M+H m/z 408 1) (b)
6-f(3S.4S)-1-benzyl-4-ethylDyrrol idin-3-v
p-1-(tetrahvdro-2H-Dyran-4-yl)- 1.5-d
ihvdro-4H-pyrazolo[3,4-diPv pmidin-4-oneThe
6-[(3,4-trans)-1 -benzyl-4-ethylpyrrolidin-3-yl]-1
-{tetrahydro-2Hpyran- 4-yl)-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one racemate
was separated on Chiralcel OJ-H chiral HPLC column,
Mobile Phase 80/20 CO2/MeOH, TR = 3.27, to provide the
enantiomer. Analytical: AD column, Mobile Phase 85/15
Heptane/EtOH, TR = 12.896. 400 MHz 1H NMR (CDCI3) d
8.02 (s, 1H), 7.40-7.26 (m, 5H), 4.78 (m, 1H),
4.12-4.09 (m, 2H), 3.82- 3.804 (m, 1H), 3.65-3.54 (m,
3H), 3.35 (t, J = 8.3 Hz, 1H), 2.98 (d, J = 9.9 Hz,
1H), 2.89-2.86 (m, 1H), 2.48-2.32 (m, 3H), 2.20 (m,
1H) 1.95-1 .87 (m, 2H) 1.63-1 .58 (m, 2H), 1.50-1 .49
(m, 1H), 0.93 (t, J = 7.1 Hz, 3H). MS: (M+H m/z 408.1
) . EXAMPLE 98
6-[(3S.4S)-1-(2-fluorobenzylM-methylpyrrolidin-3-vn-1-
(tetrahvdro-2H-pyran- 4-yl)-1
.5-dihvdro-4H-pyrazolof3.4-dipyrimidin-4-one ) 15
Following the procedure for the preparation of
6-{{3S,4S)-4-methyl-1-[(2-
methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(tetrah
ydro-2H-pyran-4-yl)-1 ,5-
dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting sodium cyanoborohydride and
2-fluorobenzaldehyde provided the title compound. 400
MHz 1H NMR (CD3OD) d 7.98 (S I H) 7.47-7.42 (m, 1H),
7.33-7.26 (m, 2H), 7.18-7.07 (m, 1H), 4.08-4.04 (m,
2H), 3.85 (s, 2H), 3.69-3.56 (m, 3H),3 20-2 93 (m,
4H), 2 69-2 62 (m, 1H) 2 40-2 19 (m, 3H), 1 88-1 85
(m, 2H), 1 14 (d, J = 6 6 Hz, 3H) MS (M+H m/z 412 1)
EXAMPLE 99 6-(f3S,4S)~4-methyl-1-r2-(t
pfluoromethyl)be pzylipyrrol idin-3-ylV1-/tetrahvdro-
2H-pyran-4-ylV1
.5-dihvdro-4H-Dyrazolof3,4-diPyrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting sodium cyapoborohyd pde and 2-(tr
ifluoromethyl)benzaldehyde provided the title compound
400 MHz 1H NMR (CDCI3) d 10 58 (brs, 1H), 8 0 1 (s,
1H), 7 79- 7 76 (m, 1H), 7 64-7 58 (m, 2H), 7 37-7 34
(m, 1H), 4 83-4 76 (m, 1H), 4 14-4 08 (m, 2H), 3 88
(m, 2H), 3 62-3 54 (m, 2H), 3 39 (t, J = 8 3 Hz, 1H),
3 02-2 97 (m, 1H), 2 85 (m 1H), 2 66 (m, 1H), 2 44-2
27 (m, 3H), 2 06-2 03 (m, 1H), 1 91-1 83 (m, 2H), 1 2
1 (d, J = 7 1 Hz 3H) MS (M+H m/z 462 1) EXAMPLE 100
6-f(3S.4S)-1-(2.4-d ifluorobenzylV4-methylpyrrol
idin-3-vn-1-(tetrahvdro-2HDyran- 4-yl)-1 .5-d
ihvdro-4H-pyrazolof3,4-dlpy pmidin-4-one Following the
procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidin-5-yl)methyl]pyrrol
idin-3-yl}-1-{tetrahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting sodium cyanoborohyd pde and 2 4-d
ifluorobenzaldehyde provided the title compound400 MHz
1H NMR (CDCI3) d 8 0 1 (s, 1H) 7.40-7 38 (m, 2H),
6.90-6.79 (m, 2H) 1 4 81-4 77 (m, 2H), 4.14-4.08 (m,
2H), 3 88 (m, 2H), 3.62-3.54 (m, 2H), 3.32 (t, J = 8 7
Hz, 1H), 3 02 (d, J = 9 5 Hz, 1H), 2.86-2 83 (m, 1H),
2.65 (m, 1H), 2 43-2.20 (m, 3H), 2.00-1 .83 (m, 2H), 1
2 1 (d, J = 6.6 Hz, 3H). MS: (M+H m/z 430.2). EXAMPLE
101 6-rf3S.4S)-1-(4-methoxybe pzylM-methylpyrrol
idin-3-vn-1-(tetrahvdro-2Hpvran- 4-yl)-1
.5-dihydro-4H-pyrazolor3.4-dipvrimidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyr
imidip-5-yl)methyl]pyrrol idip
-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting sodium cyanoborohydride and 4-methoxybe
pzaldehyde provided the title compound. 400 MHz 1H NMR
(CDCI3) d 8.01 (s, 1H), 7 29 (d, J = 8.3 Hz, 2H), 6.87
(d, J = 8.7 Hz, 2H), 4.82-4.08 (m, 1H) 4.13-4.08 (m,
2H), 3.84-3.75 (m, 4H), 3 61-3.51 (m, 3H), 3.35 (t, J
= 8.7 Hz, 1H), 2 97 (d, J = 9.9 Hz, 1H), 2 82- 2 80
(m, 1H), 2 53-2.49 (m, 1H), 2.42-2.30 (m, 3H), 1 95-1
.82 (m, 3H) 1 1.18 (d, J = I 1 Hz, 3H). EXAMPLE 102
(a) 5-amino-1-(tetrahvdro-2H-th iopyran-4-v p-
1H-pyrazole-4-carbon itrile Following the procedure
for the preparation of 5-am ino-1-(2- 



methoxyphenyl)-1 H-pyrazole-4-carbon itple but
substituting 1-(tetrahydro-2Hth iopyran-4-yl)hydraz
ine provided the title compound 400 MHz 1H NMR(CDCI3)
d 7.44 (s, 1H), 4.71 (s, 2H), 3.84-3.76 (m, 1H),
2.80-2.63 (m, 4H), 2.24-2.10 (m, 4H). MS: (M+H m/z
209.1 ) . (b)
5-amino-1-(tetrahvdro-2H-thiopyran-4-yl)-1
H-pyrazole-4-carboxamide Following the procedure for
the preparation of 5-amino-1-(2- methoxyphenyl)-1
H-pyrazole-4-carboxamide but substituting 5-amino-1-
(tetrahydro-2H-thiopyran-4-yl)-1H-pyrazole-4-carbonitr
ile provided the title compound. 400 MHz 1H NMR
(CDCI3) d 7.67 (s, 1H), 4.09-3.97 (m, 1H), 2.89-2.82
(m, 2H), 2.72-2.68 (m, 2H), 2.15-2.10 (m, 4H). MS:
(M+H m/z 227.1 ) . (C)
6-f(3S.4S)-1-benzyl-4-methylpyrrolidin-3-yl]-1-(tetrah
vdro-2H-thiopyran-4- ylV1
.5-dihvdro-4H-pyrazolor3.4-dlDyrimidin-4-one Following
the procedure for the preparation of
6-[(3,4-trans)-1-benzyl-
4-methylpyrrolidin-3-yl]-1-(2-methoxyphenyl)-1
,5-dihydro-4H-pyrazolo[3,4- d]pyrimidin-4-o pe but
substituting 5-amino-1-(tetrahydro-2H-thiopyran-4-yl)-
1H-pyrazole-4-carboxamide and (3S,4S)-methyl-1
-benzyl-4-methylpyrrolidine- 3-carboxylate provided
the title compound. 400 MHz 1H NMR (CDCI 3) d 8.02 (S
1H) 7.41-7.26 (m, 5H), 4.60-4.53 (m, 1H), 3.86-3.83
(m, 1H), 3.65 (m, 1H), 3.41-3.37 (m, 1H), 3.02 (m,
1H), 2.94-2.75 (m, 4H), 2.60-2.31 (m, 3H), 2.25-2.1 6
(m, 2H), 1.99-1 .94 (m, 1H), 1.62 (m, 2H), 1.20 (t, J
= 7.1 Hz, 3H). MS: (M+H m/z 410.2).EXAMPLE 103
6-r(3S,4S)-1-f2-metho cybenzyl)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyra p-4-yl)-1 ,5-d
ihvdro-4H-pyrazolo[3,4-dipy pmid in-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyrim
idin-5-yl)methyl]pyrrolidin-3-yl}-1-(tetrahydro-2H-pyr
an-4-y[)- 1,5-d ihydro-4H-pyra2 qlo[3,4-d]pyr
imidin-4-one but substituting sodium cyano borohydride
and 2-methoxybenzaldehyde provided the title compound.
400 MHz 1H NMR (CDCI3) d 8 00 (s, 1H), 7.29-7.22 (m,
2H), 6.92-6.88 (m, 2H), 4 83-4 75 (m, 1H), 4.14-4.08
(m, 2H), 3 93 (s, 3H), 3 76-3.69 (m, 2H), 3.62- 3.54
(m, 2H), 3 34 (t, = 8 7 Hz, 1H), 3 0 1 (d, J = 9.5 Hz,
1H), 2 78 (m, 1H), 2.56 (m, 1H), 2 41-2 27 (m, 3H), 1
92-1 .82 (m, 3H), 1 18 (d, J = 7 1 Hz, 3H) MS. (M+H
m/z 424.1 ) EXAMPLE 104
6-r(3S.4S)-1-(3-methoxybenzyl)-4-methylpyrrol
idin-3-yll-1-(tetrahvdro-2HPyran- 4-yl)-1 .5-d
ihvdro-4H-pyrazolor3,4-dipyr imidin-4-one Following
the procedure for the preparation of
6-{<3S,4S)-4-methyl-1- [(2-methylpyr
imidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro~4H-pyrazolo[3,4-d]pyr imidin-4-one but
substituting sodium cyanoborohydride and
3-methoxybenzaldehyde provided the title compound. 400
MHz 1H NMR (CDCI3) d 8 02 (s, 1H) 7.27-7 2 1 (m, 1H),
6.96-6.92 (m, 2H), 6 8 1 (d, J = 7 1 Hz, 1H), 4 82-4
76 (m, 1H) 4.14 08 (m, 2H), 3.85 (S,3H) 3.79 (s, 1H),
3.62-3.54 (m, 3H), 3.39 (t, J = 8.7 Hz, 1H), 3.00 (d,
J 10.3 Hz, 1H), 2.81 (m, 1H), 2.53 (m, 1H), 2.42-2.28
(m, 3H), 1.94-1 .82 (m, 3H), 1.20 (d, J = 7.1 Hz, 3H).
MS: (M+H m/z 424.1 ) . EXAMPLE 105
6-<"f3S,4S)-4-methyl-1-r3-ftrifluoromethyl)benzvnpyrro
lidin-3-yl>-1-rtetrahvdro- 2H-Pyran-4-vD-1
.5-dihvdro-4H-pyrazolof3.4-dipyrimidin-4-one 3
Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting sodium cyanoborohydride and
3-(trifIuoromethyl)benzaldehyde provided the title
compound. 40O MHZ 1H NM R (CDCI 3) 8.02 (S, 1H),
7.68-7.63 (m, 1H), 7.55-7.51 (m, 3H), 4.84-4.76 (m,
1H) 4.14-4.08 (m, 2H), 3.87-3.84 (m, 1H), 3.71-3.69
(m, 1H), 3.62-3.54 (m, 2H) 3.36 (t, J = 8.3 Hz, 1H),
3.01 (m, 1H), 2.86 (m, 1H), 2.63-2.60 (m, 1H),
2.50-2.27 (m, 3H), 1.98-1 .83 (m, 3H), 1.21 (d, J =
6.6 Hz, 3H). MS: (M+H m/z 462.1 ) . EXAMPLE 106
6-f(3S.4S)-1-f26-difluorobenzyl)-4-methylDyrrolidin-3-
vn-1-(tetrahydro-2Hpyran-
4-yl)-1.5-dihvdro-4H-pyrazolof3,4-dipyrimidin- 4-one
Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpyrimidi
p-5-yl)methyl]pyrrolidin-3-yl}-1-(tetrahydro-2H-pyran-
4-yl)- 1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one
but substituting sodium cyanoborohydride and
2,6-difluorobenzaldehyde provided the title
compound.40O MHZ 1H NMR (CDCI 3 ) 8.00 (s, 1H),
7.30-7.22 (m, 1H), 6.96-6.89 (m, 2H), 4.83-4.75 (m,
1H), 4.1 3-4.08 (m, 2H), 3.91 (s, 2H) 1 3.62-3.54 (m,
2H), 3.34 (t, J = 8.3 Hz, 1H), 3.06 (d, J = 9.5 Hz,
1H), 2.80 (m, 1H), 2.66 (m, 1H), 2.40-2.27 (m, 3H),
1.99 (m, 1H), 1.91-1 .83 (m, 2H) 1 1.16 (d, J = 7.1
Hz, 3H). MS: (M+H m/z 430.1). EXAMPLE 107 (a)
6-ff3S.4S)-4-ethylpy
prolidip-3-yll-1-(tetrahvdro-2H-pyran-4-yl)-1HPyrazolo
[ 3,4-dipyrimidin-4(5H)-one Following the procedure
for the preparation of 6-[(3S,4S)-4- methyl
ryrrolidin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1H-pyraz
olo[3,4- d]pyrimidin-4(5H)-one but substituting
6-[(3S,4S)-1-benzyl-4-ethylpyrrolidin-3-
yl]-1-(tetrahydro-2H-pyran-4-yl)-1
,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one provided
the title compound. 400 MHz 1H NMR (CD3OD) d 8.02 (s,
1H), 4.97 (m, 1H), 4.09-4.06 (m, 2H), 3.78-3.58 (m,
4H), 3.34-3.34 (m, 1H), 3.16-3.1 1 (m, 1H), 2.68 (d, J
= 8.7 Hz, 1H), 2.63 (m, 1H), 2.32-2.27 (m, 2H), 1.90-1
.87 (m, 2H), 1.69 (m, 1H), 1.57 (m, 1H), 0.97 (t, J =
7.5 Hz, 3H). MS: (M+H m/z 318.2). (b)
6-{(3S.4S)-4-ethyl-1-f(5-methylpyrazin-2-vnmethyllpyrr
olidin-3-yl>-1- (tetrahvdro-2H-pyran-4-yl)-1
.5-dihvdro-4H-pyrazolof3.4-dipyrimidin-4-one To a
solution -3-yl]-1-(tetrahydro-2Hpyran- 4-yl)-1
H-pyrazolo[3,4-d]py pmidin-4(5H)-o pe (4.4g)
indimethylformamide (62 mL) was added acetic acid (2 4
ml_), 5- methylpyraz ine-2-carbaldehyde (2g) and
sodium tpacetoxyborohyd pde (5 27g) The reaction
mixture stirred for 2h at ambient temperature and was
carefully quenched with saturated sodium bicarbonate
solution, extracted 3x with methylene chloride, dried
with magnesium sulfate, filtered and concentrated
Purification via Biotage MPLC chromatography eluting
with 1- 4% methanol/methylene chlopde/0 5 % saturated
ammonium hydroxide provided the title compound (3 9g)
400 MHz 1H NMR (CDCI3) d 8 52-8 48 (m, 1H), 8 38 (s,
1H), 8 02 (s, 1H), 4 81-4 75 (m, 1H), 4 11-4 0 1 (m,
3H), 3 79-3 75 (m, 1H) , 3 60-3 53 (m, 2H), 3 40-3 32
(m, 1H), 3 10-3 08 (m, 1H), 2 94 (m, 1H), 2 63-2 57
(m, 1H), 2 53 (d, J = 7 5 Hz, 1H), 2 37-2 18 (m, 4H),
1 90-1 83 (m, 2H), 1 67-1 60 (m, 1H), 1 54-1 47 (m,
1H), 0 95-0 92 (m, 3H) MS (M+H m/z 424 2) EXAMPLE 108
6-^3S,4S)-4-ethyl-1-fr-methoxypynd
in-3-yl)methyliDyrrol idin-3-yl)-1-
(tetrahvdro-2H-pyran-4-yl)-1 ,5-d
ihvdro-4H-pyrazolo[3,4-d1pyr imidin-4-one Following
the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]pyr imidin-4-one but
substituting 6-[(3S,4S)-4- ethylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1
H-pyrazolo[3,4-d]py pmidin- 4(5H)-one hydrogen
chloride sodium cyanoborohydride and 6-
methoxynicotinaldehyde provided the title compound 400
MHz 1H NMR (CDCI3) d 8 04 (d, J = 2 1 Hz 1H), 8 02 (s,
1H), 7 73-7 7 1 (m, 1H), 6 78 (d, J = 8 7 Hz, 1H), 4
80-4 75 (m, 1H), 4 12-4 10 (m, 2H), 3 92-3 90 (m, 3H),
3 72-3 70 (m, 1H), 3 61-3 54 (m, 3H), 3 32 (t, J = 8 3
Hz, 1H), 2 99 (m, 1H), 2 9 1 (m, 1H), 2 4 1 (m, 1H)1 2
40-2 28 (m, 2H)1 2 21(m, 1H), 1 95 (m, 1H)11 9 1- 1.83
(m, 2H), 1 65-1 .45 (m, 2H) 0 92 (t, J = 7.5 Hz, 3H)
MS: (M+H 



m/z 439 2) EXAMPLE 109 6-rf3S.4S)-4-ethyl-1-(pyr
idin-2-ylmethyl)Dyrrolidin-3-vn-1-(tetrahvdro-2Hpyran-
4-vO-1.5-dihvdro-4H-pyrazolof3.4-dTpy pmidin-4-one To
a solution of 6-[(3S,4S)-4-ethylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyra p-4-yl)-1
H-pyrazolo[3,4-d]pyr imidin-4(5H)-o pe hydrogen
chloride (51 mg) in acetonitrile ( 1 mL) was added
potassium carbonate (88 mg) and 2- (bromomethyl)py
pdine hydrogen bromide (40mg) and the reaction mixture
was heated at reflux for 72 h in a sealed vial The
reaction mixture was concentrated onto silica and
purified via CombiFlash flash chromatography to
provide the title compound. 400 MHz 1H NMR (CDCI3) d
11 50 (brs, 1H), 8 63 (dd, J = 1.7, 0 83, Hz, 1H),
8.02 (s, 1H), 7.70-7.67 (m, 1H) 7.40 (d, J = 7 9 Hz,
1H), 7.20-7 16 (m, 1H), 4.79-4.77 (m, 1H), 4.12-4.02
(m, 3H), 3.75-3.72 (m, 1H) 3.61-3.53 (m, 2H), 3 39 (t,
J = 7.9 Hz, 1H), 3.07 (d, J = 9 9 Hz, 1H), 2.92-2.90
(m, 1H), 2.37-2 12 (m, 4H), 1.91-1 .83 (m, 2H), 1.65-
1 60 (m, 1H), 1.54-1 49 (m, 1H), 0.94 (t, J = 7 1 Hz,
3H) MS: (M+H m/z 409.1) EXAMPLE 110
6-f(3S.4S)-4-ethyl-1-(Qu inoxal in-2-ylcarbonyl)pyrrol
idin-3-yl]-1-(tetrahydro-2HPyran- 4-yl)-1,5-d
ihydro-4H-pyrazolof3,4-dlpyr imidin-4-oneTo a solution
of 6-[(3S,4S)-4-ethylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyran- 4-yl)-1
H-pyrazolo[3,4-d]py pmidin-4(5H)-one hydrogen chloride
(73 mg) in dicloromethane (2 ml_) was added tpethylami
pe (62 mg) and 2- quinoxaloylchlonde (40 mg) at 0 0C
The reaction mixture was warmed to ambient temperature
and stirred for 18h The reaction mixture was quenched
with saturated sodium bicarbonate extracted with
methylene chloride, dried with magnesium sulfate,
filtered and concentrated Purification via CombiFlash
flash chromatography eluting with 2-4% MeOH/methylene
chloride provided the title compound 400 MHz 1H NMR
(CDCI3) d 12.78- 12 62 (m, 1H), 9 4 1 (d, J = 7 5 ,
Hz, 1H), 8 18-8 00 (m, 3H), 7 87-7.73 (m, 2H), 4 84-4
8 1 (m, 1H), 4 55-3 86 (m, 6H), 3 61-3 53 (m, 2H), 3
38-3 3 1 (m, 1H), 2 75 (m, 1H), 2 39-2 34 (m, 2H), 1
93-1 89 (m, 2H), 1 58-1 56 (m, 1H), 1 63-1 50 (m, 1H),
1 01-0 88 (m, 3H) MS (M+H m/z 474 2) EXAMPLE 111
6-rf3S.4S)-4-methyl-1-(Dyr imidin-2-ylmethyl)py it
olidin-3-vn-1- etrahvdro-2HDvran- 4-yO-1 ,5-d
ihvdro-4H-pyrazolo[3,4-dlpyr imidin-4-one To a
solution of 6-[(3S,4S)-4-methylpyrrol
idin-3-yl]-1-(tetrahydro-2Hpyran-
4-yl)-1H-pyrazolo[3,4-d]pyr imidin-4(5H)-one hydrogen
chlonde (7 75g) (see preparation in step (a) of
Example 73) in dimethylformamide ( 1 15 ml_) was added
iron tpflate (900 mg), 2-(chloromethyl)py pmidine
hydrogen chloride (4 5g), and cesium carbonate (22 2g)
and the reaction mixture was heated at 60 0C for 24h
The reaction mixture was concentrated onto silica gel
and purified by flash chromatography eluting with
0-15% methanol/ethyl acetate/1% saturated ammonium
hydroxide to provide the title compound (6g) 400 MHz
1H NMR (CDCI3) d 12 30 (brs, 1H), 8 63 (d, J = 5 0 ,
Hz, 2H), 8 03 (s, 1H), 7 20 (d, J = 5 0 , Hz, 1H), 4
84-4 79 (m, 1H), 4 30-4 27 (m, 1H),4 14-4 08 (m, 2H),
3 87-3 82 (m, 1H), 3 63-3 55 (m, 2H), 3 47 (t, J = 7 9
Hz, 1H), 3 29 (d, J = 9 9 Hz, 1H), 2 88-2 86 (m, 1H),
2 60-2 56 (m, 1H), 2 46- 2 24 (m, 4H), 1 93-1 84 (m,
2H), 1 24 (t, J = 7 1 Hz, 3H) MS (M+H m/z 396 2)
EXAMPLE 112
2-W3S.4S)-3-ethyl-4-r4-oxo-1-(tetrahvdro-2H-pyra
p-4-ylV45-d ihvdro-1 HDyrazolo[ 3,4-dipy
pmidin-6-ylipyrrolid ip-1-yl)methyl)benzon itrile
Following the procedure for the preparation of
6-{(3S,4S)-4-methyl-1- [(2-methylpy
pmidin-5-yl)methyl]pyrrol
idin-3-yl}-1-(tetrahydro-2H-pyran-4-yl)- 1,5-d
ihydro-4H-pyrazolo[3,4-d]py pmidin-4-one but
substituting 6-[(3S,4S)-4- ethylpyrrol
idin-3-yl]-1-(tetrahydro-2H-pyra p-4-yl)-1
H-pyrazolo[3,4-d]py prn idin- 4(5H)-one hydrogen
chloride, sodium cyanoborohydride and 2-
formylbenzonit ple provided the title compound 400 MHz
1H NMR (CDCI3) d 11 68 (brs, 1H), 8 0 1 (s, 1H), 7
68-7 58 (m, 3H), 7 40-7 36 (m, 1H), 4 9 1 (s, 1H), 4
82-4 76 (m, 1H), 4 12-4 10 (m, 2H), 3 94 (m, 1H), 3
61-6 55 (m, 2H), 3 37 (m, 1H), 3 03-2 94 (m, 2H), 2 66
(m, 1H), 2 41-2 23 (m, 3H), 2 09 (m, 1H), 1 91-1 84
(m, 2H), 1 66-1 49 (m, 2H) 0 93 (t, J = 7 5 Hz, 3H) MS
(M+H m/z 433 2) EXAMPLE 113 3-
f3S,4S)-3-ethyl-4-f4-oxo-1-(tetrahvdro-2H-pyran-4-vn-4
,5-d ihvdro-1 HPyrazolof3 4-dlpyr imidin-6-v ppy
olidin-1-yl)methyl)benzon itple SiDFollowi pg the
procedure for the preparation of
6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyran-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting 6-[(3S,4S)-4-
ethylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1
H-pyrazolo[3,4-d]pyrimidin- 4(5H)-one hydrogen
chloride, sodium cyanoborohydride and 3-
formylbenzonitrile provided the title compound. 400
MHz 1H NMR (CDCI3) d 8.01 (s, 1H), 7.73-7.41 (m, 4H) 1
4.79 (m, 1H), 4.72 (s, 1H), 4.12-4.09 (m, 2H),
3.82-3.70 (m, 2H), 3.61-3.54 (m. 2H), 3.27 (t, J = 8.3
Hz, 1H), 3.02- 2.97 (m, 2H), 2.71-2.70 (m, 1H),
2.37-2.30 (m, 2H), 2.20-2.14 (m, 1H), 1.90-1 .87 (m,
2H), 1.61-1.60 (m, 1H), 1.51-1.49 (m, 1H), 0.91 (t, J
= 7.5 Hz, 3H). MS: (M+H m/z 433.2). EXAMPLE 114
4-(^3S.4S)-3-ethyl-4-f4-oxo-1-(tetrahvdro-2H-Dyran-4-v
n-45-dihvdro-1 HDyrazolo[
3.4-diPyrimidin-6-ylipyrrolidin-1-yl)methv
pbenzonitrile Following the procedure for the
preparation of 6-{(3S,4S)-4-methyl-1-
[(2-methylpyrimidin-5-yl)methyl]pyrrolidin-3-yl}-1-(te
trahydro-2H-pyra p-4-yl)-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one but
substituting 6-[(3S,4S)-4-
ethylpyrrolidin-3-yl]-1-(tetrahydro-2H-pyran-4-yl)-1
H-pyrazolo[3,4-d]pyrimidin- 4(5H)-one hydrogen
chloride, sodium cyanoborohydride and 4-
formylbenzonitrile provided the title compound. 400
MHz 1H NMR (CDCI3) d 11.82 (brs, 1H) 8.01 (s, 1H),
7.75 (t, J = 7.9 Hz, 1H) 7.59-7.44 (m, 3H), 4.78-4.75
(m, 1H), 4.74 (s, 1H), 4.1 3-4.08 (m, 2H), 3.77 (m,
1H), 3.70 (m, 1H), 3.61-3.53 (m, 2H), 3.31-3.29 (m,
1H) 3.01-2.90 (m, 2H), 2.58 (m, 1H), 2.37-2.31 (m,
2H), 2.25 (m, 1H) 2.00 (m, 1H) 1.91-1 .83 (m, 2H),
1.64-1 .63 (m, 1H) 1.61-1 .59 (m, 1H), 0.93 (t, J =
7.5 Hz 3H). MS: (M+H m/z 433.2).BIOLOGICAL PROTOCOLS
The utility of the compounds of Formula (I), and the
pharmaceutically acceptable salts thereof, in the
treatment or prevention of diseases (such as are
detailed herein) in mammals (e g , humans) may be
demonstrated by the activity thereof in conventional
assays known to one of ordinary skill in the art,
including the assay described below Such assays also
provide a means whereby the activities of the
compounds of Formula (I) can be compared with the
activities of other known compounds Phosphodiesterase
9 (PDE9) inhibitory activity The PDE9 assay was
performed using the Phosphodiesterase Scintillation
Proximity (SPA) assay (GE Healthcare Life Sciences)
The assay was carried out in 96 well clear bottom
microtiter plates (Costar 3632, Corning Inc) The human
recombinant PDE9 enzyme was generated in SF-9 cells,
the cell pellets were sonicated in buffer (20 mM TRIS,
2mM benzamidine, 1mM EDTA, 25OmM sucrose, 100mM PMSF,
pH 7.5 with HCI), centrifuged at 40 000 x g for 20 mm
at 4C The supematants were stored at -80'C [8-
3H]guanos ine 3',5'-cycl ic phosphate (TRK 392, GE
Healthcare Life Sciences) was diluted in assay buffer
(50 mM Tris-HCI, pH7 5 , containing 1 3 mM MgCI ) such
that the final well concentration was 50 nM Test
compounds 



were dissolved in DMSO, diluted in Dl H2O and serially
diluted in 20%DMSO/80%H 2O, for a final concentration
of 2% DMSO. For the assay the PDE9 was diluted with
assay buffer such that 20% or less of the substrate
was hydrolyzed to 5'GMP Each assay well contained 10
ml of test compound or solvent, 40 ml of [3H]CGMP and
50 ml of enzyme, background was determined by a high
concentration of a PDE inhibitor The assay was
initiated with the addition of the enzyme and carried
out at room temperature for 30 mm The assay was
terminated with the addition of 10 ml of a PDE9
inhibitor that was sufficient to totally inhibit the
enzyme activity, immediately followed by the addition
of 50 ml per well of SPA beads The plates were sealed,
vortexed, allowed to set for >300 mm, then counted in
a Wallac TriLux MicroBeta LSCThe following additional
compounds were made in accordance with the methods set
forth above:CLASS A OLIGONUCLEOTIDES WITH
IMMUNOSTIMULATORY POTENCY FIELD OF THE INVENTION The
present invention relates to the induction of an
immune response, specifically to immunostimulatory
oligonucleotides and their use in inducing an immune
response. INTRODUCTION Bacterial DNA has immune
stimulatory effects to activate B cells and natural
killer cells, but vertebrate DNA does not (Tokunaga,
T., et al., 1988. Jpn. J. Cancer Res. 79:682-686;
Tokunaga, T., et al., 1984, JNCI 72:955-962; Messina,
J.P., et al., 1991 , J. Immunol. 147:1759-1764; and
reviewed in Krieg, 1998, In: Applied Oligonucleotide
Technology, CA. Stein and A.M. Krieg, (Eds.), John
Wiley and Sons, Inc., New York, NY, pp. 431-448). It
is now understood that these immune stimulatory
effects of bacterial DNA are a result of the presence
of unmethylated CpG dinucleotides in particular base
contexts (CpG motifs), which are common in bacterial
DNA, but methylated and underrepresented in vertebrate
DNA (Krieg et al, 1995 Nature 374:546- 549; Krieg,
1999 Biochim. Biophys. Acta 93321 :1-10). The immune
stimulatory effects of bacterial DNA can be mimicked
with synthetic oligodeoxynucleotides (ODN) containing
these CpG motifs. Such CpG ODN have highly stimulatory
effects on human and murine leukocytes, inducing B
cell proliferation; cytokine and immunoglobulin
secretion; natural killer (NK) cell lytic activity and
IFN-g secretion; and activation of dendritic cells
(DCs) and other antigen presenting cells to express
costimulatory molecules and secrete cytokines,
especially the Th1-like cytokines that are important
in promoting the development of Th1-like T cell
responses. These immune stimulatory effects of native
phosphodiester backbone CpG ODN are highly CpG
specific in that the effects are dramatically reduced
if the CpG motif is methylated, changed to a GpC, or
otherwise eliminated or altered (Krieg et al, 1995
Nature 374:546- 549; Hartmann et al, 1999 Proc. Natl.
Acad. Sci USA 96:9305-10). The strong, yet balanced,
cellular and humoral immune responses that result from
CpG stimulation reflect the body's own natural defense
system against invading pathogens and cancerous cells.
Thus, CpG containing oligonucleotides, relying on this
innate immune defense mechanism, can utilize a unique
and natural pathway for immune therapy.They can
thereby be used to treat cancer, infectious diseases,
allergy, asthma and other disorders, and to help
protect against opportunistic infections following
cancer chemotherapies. Several different classes of
CpG oligonucleotides have recently been described. One
class is potent for activating B cells but is
relatively weak in inducing IFN-a and NK cell
activation; this class has been termed the B-class.
The B-class CpG oligonucleotides typically are fully
stabilized and include an unmethylated CpG
dinucleotide within certain preferred base contexts.
See, e.g., U.S. Patent Nos. 6,194,388; 6,207,646;
6,214,806; 6,218,371 ; 6,239,116; and 6,339,068.
Another class of CpG oligonucleotides activates B
cells and NK cells and induces IFN-a; this class has
been termed the C-class. The C-class CpG
oligonucleotides, as first characterized, typically
are fully stabilized, include a B-class-type sequence
and a GC-rich palindrome or near-palindrome. This
class has been described in U.S. Patent Application
Serial No.: 10/224,523 filed on August 19, 2002 and
related PCT Patent Application PCT/US02/26468
published under International Publication Number WO
03/01571 1. A third class is the A-class. A-class CpG
immunostimulatory oligonucleotides have been described
in U.S. Patent No.: 6,949,520 and PCT application
PCT/USOO/26527 published under International
Publication Number WO 01/22990, both filed on
September 27, 2000, the contents of which are hereby
incorporated by reference. These oligonucleotides are
characterized by the ability to induce high levels of
interferon-a while having minimal effects on B cell
activation. SUMMARY In one aspect the invention
provides a use of a modified A-class oligonucleotide
of the invention for the preparation of a medicament
for treating cancer, infectious disease, asthma,
allergy, allergic rhinitis, or autoimmune disease in a
subject. In one aspect the invention provides a
composition useful for the treatment of cancer,
infectious disease, asthma, allergy, allergic
rhinitis, or autoimmune disease. The composition
according to this aspect includes a modified A-class
oligonucleotide of the invention and a cancer,
infectious disease, asthma, allergy, allergic
rhinitis, or autoimmune disease medicament or agent.
Use of an oligonucleotide of the invention for
stimulating an immune response is also provided as an
aspect of the invention. One aspect of the invention
is an immunostimulatory oligonucleotide of the
formula(SEQ ID NO: 70) 5'-(Z1)KXiYiR 1X2Y2R2 X3Y3R3
(Z2)L(G)N(Z3)M-S' where Xi is any nucleotide except
deoxyguanosine (dG), X2 and X3 are any nucleotide,
Y-i,Y2,and Y3 are deoxycyticine (dC), 5-methyl-dC,
5-hydroxy-dC or 5-fluoro-dC, Ri, R2 and R3 are dG,
deoxyinosine (dl), 6-Thio-dG, or 7-deaza-dG, and Zi,
Z2 and Z3 are any nucleotide, and wherein K, L, and M
each independently represent 0-10, N is 4-10 and where
the immunostimulatory oligonucleotide is less than 16
nucleotides in length. In one embodiment Xi is T, dU,
dl, or dA. In another embodiment, X2 is T, dU, dA, or
7- deaza-dA. In yet another embodiment, X3 is T, dU,
dA, or 7-deaza-dA. In still another embodiment, Zi is
dG, dT, dU, dl, or 7-deaza-dG. In one embodiment Z2 is
T. In another embodiment Z3 is T. In one embodiment
the immunostimulatory oligonucleotide comprises fewer
than six phosphorothioate linkages. In another
embodiment the immunostimulatory oligonucleotide
comprises four phosphorothioate linkages. In one
embodiment X2 and X3 are complementary nucleotides. In
another embodiment the sequence Y1R1X2Y2R2X3Y3R3 forms
a palindrome or near-palindrome. In one embodiment K
represents 0-10 nucleotides. In another embodiment K
represents 0-2 nucleotides. In yet another embodiment
L represents 0-10 nucleotides. In still another
embodiment L represents 0-2 nucleotides. In one
embodiment M represents 0-10 nucleotides. In another
embodiment M represents 0-2 nucleotides. In one
embodiment N represents 2-40 nucleotides. In another
embodiment N represents 5 nucleotides. In yet another
embodiment N represents 4 nucleotides. In one
embodiment the immunostimulatory oligonucleotide
comprises a palindromic domain of at least 6 and less
than 11 nucleotides in length and including at least 3
YR dinucleotides having phosphodiester or
phosphodiester-like internucleotide linkages, wherein
Y is dC, 5-methyl-dC, 5-hydroxy-dC or 5-fluoro-dC, and
R is dG, dl, 6-Thio-dG, or 7-deaza-dG, linked to a
Poly G domain, either directly or indirectly, wherein
the Poly G domain includes at least 3 and less than 8
consecutive Gs, wherein when the palindromic domain is
indirectly linked to the PoIy-G domain, the indirect
linkage is comprised of a nucleotide sequence of 1- 10
nucleotides or a non-nucleotide linker, wherein the
oligonucleotide has a length of less than 18
nucleotides. In another embodiment, the
oligonucleotide includes at least 2 and less than 6
stabilized internucleotide linkages. In yet another
embodiment, the oligonucleotide has 4 stabilized
internucleotide linkages. In one embodiment the
stabilized internucleotide linkages are
phosphorothioate linkages. In another embodiment the
oligonucleotide 



does not include a 5' GG. In one embodiment the
nucleotide of the palindromic domain has a
phosphodiester internucleotide linkage. In another
embodiment the palindromicdomain has less than 9
nucleotides. In yet another embodiment the
oligonucleotide includes one or more nucleotide 5' to
the palindromic domain. In one embodiment the
immunostimulatory oligonucleotide comprises a
palindromic domain of at least 6 and less than 11
nucleotides in length and including at least 3 Y R
dinucleotides having phosphodiester or
phosphodiester-like internucleotide linkages, wherein
Y' is 5-methyl-dC, 5-hydroxy-dC or 5-fluoro-dC, and R
is dl, dG, 6- Thio-dG, or 7-deaza-dG, linked to a Poly
G domain, either directly or indirectly, wherein the
Poly G domain includes at least 3 and less than 8
consecutive Gs, wherein when the palindromic domain is
indirectly linked to the PoIy-G domain, the indirect
linkage is comprised of a nucleotide sequence of 1-10
nucleotides or a non-nucleotide linker. Another aspect
of the invention is an immunostimulatory
oligonucleotide of the formula (SEQ ID NO: 7 1)
5"-(Z1)KXiYiRi X2Y2R2 X3Y3R3 (Z2)LQ-S' wherein Xi is
any nucleotide except dG, X2 and X3 are any
nucleotide, Yi, Y2, and Y3 are dC, 5-methyl-dC,
5-hydroxy-dC or 5-fluoro-dC, Ri, R2 and R3 are dG, dl,
6-ThiodG, or 7-deaza-dG, and Zi and Z2 are any
nucleotide, and Q is a lipophilic moiety, and wherein
K and L each independently represent 0-10, and wherein
the immunostimulatory oligonucleotide is less than 16
nucleotides in length. In another aspect of the
invention the immunostimulatory oligonucleotides are
useful as compositions comprising any of the
immunostimulatory oligonucleotides of the instant
invention together with a pharmaceutical carrier. In
one embodiment the immunostimulatory oligonucleotide
is SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:1 1, SEQ ID
NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:34, SEQ ID NO:35, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ
ID NO:40, SEQ ID NO:41 , SEQ ID NO:42, OR SEQ ID
NO:43. Another aspect of the invention is a method of
stimulating an immune response in a subject by
administering to a subject in need of such treatment
any of the compositions of the instant invention. In
one embodiment the subject in need has or is at risk
of having cancer, infectious disease, asthma, allergy,
allergic rhinitis, or autoimmune disease. In another
embodiment the subject has previously been
unresponsive to conventional therapeutic treatments.
In yet another embodiment the composition is
administered intravenously. In still another
embodiment the composition is administered
subcutaneously. In one embodiment the subject is a
subject having orat risk of having an infectious
disease. In another embodiment the infectious disease
is a viral disease. In yet another embodiment the
viral disease is Hepatitis B, Hepatitis C,
Cytomegalovirus, (CMV), Papilloma Virus, HIV or Herpes
simplex viruses (HSV). In still another embodiment the
infectious disease is Leishmania, Listeria, or
Anthrax. In another embodiment the subject is a
subject undergoing anti-cancer treatment. In another
embodiment the anti-cancer treatment is radiation,
chemotherapy, a vaccine chemotherapy, a vaccine (e.g.,
an in vitro primed dendritic cell vaccine or a cancer
antigen vaccine), or an antibody based therapy. In
another embodiment the subject is a subject being
treated with an anti-viral medicament. In one aspect
the invention provides a method of treating a subject
having a cancer, infectious disease, asthma, allergy,
allergic rhinitis, or autoimmune disease. The method
according to this aspect of the invention includes the
step of administering to a subject having a cancer,
infectious disease, asthma, allergy, allergic
rhinitis, or autoimmune disease an effective amount of
the composition of the invention and an anti- cancer,
infectious disease, asthma, allergy, allergic
rhinitis, or autoimmune disease therapy to treat the
subject. A method for manufacturing a medicament of an
oligonucleotide of the invention for stimulating an
immune response is also provided. Each of the
limitations of the invention can encompass various
embodiments of the invention. It is, therefore,
anticipated that each of the limitations of the
invention involving any one element or combinations of
elements can be included in each aspect of the
invention. This invention is not limited in its
application to the details of construction and the
arrangement of components set forth in the following
description or illustrated in the drawings. The
invention is capable of other embodiments and of being
practiced or of being carried out in various ways.
Also, the phraseology and terminology used herein is
for the purpose of description and should not be
regarded as limiting. The use of "including,"
"comprising," or "having," "containing", "involving",
and variations thereof herein, is meant to encompass
the items listed thereafter and equivalents thereof as
well as additional items. BRIEF DESCRIPTION OF THE
DRAWINGS The figures are illustrative only and are not
required for enablement of the invention disclosed
herein. Figure 1 is five graphs demonstrating
induction of IFN-a by a shortened A-class
oligonucleotide, SEQ ID NO:3. The activity is compared
to that of the longer A-classoligonucleotide from
which it is derived (SEQ ID NO:2), as well as B-class
ODN (SEQ ID NO:4), C-class ODN (SEQ ID NO:1 and 68),
P-class ODN (SEQ ID NO:69) and negative control ODN
(SEQ ID NO:5). In Figures 1a-1d the y-axes represent
IFN-a in pg/ml and the x-axes represent ODN
concentration in mM. Figure 1e shows a comparison of
the ability of the oligos to stimulate TLR9 activity.
The y-axis represents stimulation index and the x-axis
represents ODN concentration in 1OX mM. Figure 2 is
two graphs demonstrating the induction of IFN-a
(Figure 2a) and IP- 10 (Figure 2b) by a number of SEQ
ID NO:3 derivatives (SEQ ID NO:32-39) as measured by
ELISA assay. The y-axes are cytokine concentration and
the x-axes are ODN concentration in mM. Figure 3 is
six graphs demonstrating the induction of IFN-a
(Figures 3a-3c) and IP-10 (Figures 3d-3f) by a number
of SEQ ID NO:3 derivatives (SEQ ID NO:7-31 ) as
measured by ELISA assay. The y-axes are cytokine
concentration and the x-axes are ODN concentration in
mM. Figure 4 is a drawing describing the process for
making lipophilic ODN derivatives with either
hexadecyl glyceryl ether or triethylene glycol in
place of the 3' poly G motif. Figure 5 is a graph
showing the activity of two derivatives of SEQ ID
NO:3, SEQ ID NO:40 with a hexadecyl glyceryl ether
moiety and SEQ ID NO:41 with a triethylene glycol
moiety. SEQ ID NO:52 is a control ODN of the same
sequence but no lipophilic moiety. The activity is
also compared to a conventional A-class ODN (SEQ ID
NO:2) and a negative control ODN (SEQ ID NO:5). The
y-axis is IFN-a concentration in pg/ml and the x-axis
is ODN concentration in mM. Figure 6 is a drawing
illustrating the structure of lipophilic ODN
derivatives with cholesterol. Figure 7 is three graphs
showing the activity of the two derivatives of SEQ ID
NO:3 shown in Figure 5 data but with cholesterol
moieties in place of the 3' poly G motif. SEQ ID NO:43
has a phosphodiester backbone and a 3' cholesterol
tag, whereas SEQ ID NO:42 is stabilized by
phosphorothioate bonds at the terminal linkages and a
3' cholesterol. SEQ ID NO:44 has a phosphodiester
backbone and a cholesterol tag on both the 3' and 5'
ends. Figures 7a and 7b show IFN-a induction. The
activity is also compared to a conventional A-class
ODN (SEQ ID NO:2), a B-class ODN (SEQ ID NO:4),
another shortened A-class ODN (SEQ ID NO:3), and a
negative control ODN (SEQ ID NO:5). Figure 7c shows
IL-10 induction. The y-axes are cytokine concentration
and the x-axes are ODN concentration in mM.Figure 8 is
four graphs showing the ability of SEQ ID NO:3 to
induce of IP-10 in vivo by various routes of
administration. Balb/c mice were injected subcutaneous
(SC), intravenous (IV), or intra-peritoneal (IP) with
500 mg of the indicated ODN and bled at 3 hours (solid
bars), or intra-pulmonary with 250 mg of the indicated
ODN and bled at 8 hours (hatched bars). The y-axes are
IP-10 concentration in ng/ml and the x-axes represent
ODN used. 



Figure 9 is four graphs showing the ability of SEQ ID
NO:3 to induce of IL-12 in vivo by various routes of
administration. Balb/c mice were injected SC, IV, or
IP with 500 mg of the indicated ODN and bled at 3
hours (solid bars), or intra-pulmonary with 250 mg of
the indicated ODN and bled at 8 hours (hatched bars).
The y-axes are IL-12 concentration in ng/ml and the
x-axes represent ODN used. Figure 10 is four graphs
showing the ability of SEQ ID NO:3 to induce of IL-6
in vivo by various routes of administration. This
activity was compared to that of a B-class ODN (SEQ ID
NO:4), a conventional A-class ODN (SEQ ID NO:2), a
short cholesterolmodified ODN (SEQ ID NO:50) and a
control ODN (SEQ ID NO:51). Balb/c mice were injected
SC, IV, or IP with 500 mg of the indicated ODN and
bled at 3 hours (solid bars), or intra-pulmonary with
250 mg of the indicated ODN and bled at 8 hours
(hatched bars). The y-axes are IL-6 concentration in
ng/ml and the x-axes represent ODN used. DETAILED
DESCRIPTION The invention in one aspect involves the
finding that a specific sub-class of immunostimulatory
oligonucleotide is highly effective in mediating
immune stimulatory effects. These oligonucleotides are
useful therapeutically and prophylactically for
stimulating the immune system to treat cancer,
infectious diseases, allergy, asthma and other
disorders. A-Class immunostimulatory CpG
oligonucleotides, such as oligonucleotide SEQ ID NO:2,
are characterized by their very efficient induction of
IFN-a secretion, but low B cell stimulation. SEQ ID
NO:2 is composed of a palindromic phosphodiester CpG
sequence clamped by phosphorothioate (G)n stretches:
G*G*G-G-A-C-G-A-C-G-T-CG- T-G-G*G*G*G*G*G (SEQ ID
NO:2). (* is phosphorothioate, - is phosphodiester)
AClass oligonucleotides, in which the 3'- and 5'- ends
are phosphorothioate-modified and the center portion
is phosphodiester, have runs of at least four G
residues at both ends of the oligonucleotide. As a
result of intermolecular tetrad formation which
results in high molecular weight aggregates, the
development of G-rich oligonucleotides has been
difficult. Issues related to the biophysical
properties of this class of compounds includetendency
to aggregation, poor solubility, difficulty in quality
control and solid phase extraction (SPE) used in PK
studies. It is known that (G)n stretches in
oligonucleotides, where n > 4 , lead to intermolecular
tetrad formation resulting in non homogeneous high
molecular weight aggregates. The uptake of
oligonucleotides with (G)n stretches is about 20 to
40-times higher than of non-aggregated
oligonucleotides and the intracellular localization
appears also to be different. It is not understood how
these observations correlate with biological activity.
In an attempt to discover new immunostimulatory
oligonucleotides having similar potency to A-class
oligonucleotides, such as SEQ ID NO:2, but more
favorable biophysical properties, a series of
oligonucleotides with only 3' (G)n stretches was
developed according to the invention. These modified
A-class oligonucleotides can form the intramolecular
tetrads responsible for enhanced uptake by cells, but
not higher molecular weight aggregates. Thus, they
show improved solubility under biologically relevant
conditions. Oligonucleotides with a 5TCG motif are
usually recognized by TLR9; therefore new palindromes
were designed to include a 5TCG TLR9 recognition
sequence. This in turn allows for multiple TLR9
recognition sequences per intermolecular tetrad. These
oligonucleotides also may have fewer stabilized
internucleotide linkages, which may increase their
ability to stimulate TLR9 activity. Thus, the
invention involves, in one aspect, the discovery that
a sub-class of Aclass oligonucleotides referred to
herein as "modified A-class" oligonucleotides, with a
shortened palindrome sequence, fewer phosphorothioate
residues, and no 5' G-rich domain. Exemplary modified
A-class oligonucleotides are presented in table I
(below). Surprisingly, these modified A-class
oligonucleotides, e.g. SEQ ID NO:3, showed as high or
higher levels of IFN-a induction than the classical
A-class oligonucleotide SEQ ID NO:2, from which its
sequence is derived. The immunostimulatory modified
A-class oligonucleotides of the instant invention are
described by formula I: (SEQ ID NO: 70) 5'-(Z
1)KXiYiRi X2Y2R2 X3Y3R3 (Z2)L(G)N(Z3)M-S' where Xi is
any nucleotide except deoxyguanosine (dG), X2 and X
are any nucleotide, Yi, Y2,and Y3 are deoxycyticine or
a modified deoxycyticine (dC) and Ri, R2 and R3 are
deoxyguanosine or a modified deoxyguanosine. Thus, a
YR dinucleotide can be a CG (CpG) dinucleotide. Zi, Z2
and Z3 are any nucleotide; K, L, and M each
independently represent 0-10 nucleotides and can be
any nucleotide, and N is 4-10 nucleotides. In one
embodiment Xi is T, deoxyuracil (dU), deoxyinosine
(I), or deoxyadenine (dA). In another embodiment, X is
T, dU, dA, or 7-deaza-dA. In yet anotherembodiment, X3
is T, dU, dA, or 7-deaza-dA. In another embodiment, Z1
is dG, dT, dU, dl, or 7-deaza-dG. In one embodiment Z2
is T. In another embodiment Z3 is T. The
immunostimulatory oligonucleotides typically contain 6
or fewer phosphorothioate linkages, but are not so
limited. In one embodiment X2and X3 are complementary
nucleotides. In one embodiment the immunostimulatory
oligonucleotide comprises a palindromic domain of at
least 6 and less than 11 nucleotides in length. A
"palindromic domain" shall mean a domain containing an
inverted repeat, i.e., a sequence such as ABCDEE
1D1C1B1A1 in which A and A1, B and B1, C and C 1 D and
D1, and E and E1are bases capable of forming the usual
Watson-Crick base pairs. Such a sequence is referred
to herein as a "palindrome". In some embodiments the
palindromic domain contains a near -palindrome rather
than a palindrome. A "near-palindrome" as used herein
refers to a sequence that is not a perfect palindromic
sequence. In vivo, palindromic and near palindromic
sequences may form double-stranded structures. In one
embodiment the sequence Y1R1 X2Y2R2 X3Y3R3 forms a
palindrome or nearpalindrome. The sequence of the
palindrome or near-palindrome in some embodiments may
include at least 3 YR dinucleotides having
phosphodiester or phosphodiester-like internucleotide
linkages. In some embodiments the internucleotide
linkages of the palindromic or near-palindromic domain
are phosphodiester linkages. The palindrome or
near-palindrome sequence may occur at the extreme 5'
end of the oligonucleotide. Alternatively, the
oligonucleotide includes one or more nucleotide 5' to
the palindromic domain. The palindromic domain may be
linked, either directly or indirectly, to a Poly G
domain. As used herein, the term "linked directly"
refers to an oligonucleotide in which there is no
intervening sequence between the palindromic domain
and the Poly G domain. The term "linked indirectly"
refers to an oligonucleotide in which the palindromic
domain and the poly G domain are separated by a
linker. In some embodiments the Poly G domain includes
at least 3 and less than 8 consecutive Gs. When the
palindromic domain is indirectly linked to the Poly G
domain, the indirect linkage is comprised of a
nucleotide sequence of 1-10 nucleotides or a
non-nucleotide linker. A non-nucleotidic linker can be
prepared using an additional spacer, such as trior
tetra-ethylenglycol phosphate moiety (Durand, M. et
al, Triple-helix formation by an oligonucleotide
containing one (dA)12 and two (dT)12 sequences bridged
by two hexaethylene glycol chains, Biochemistry
(1992), 31(38), 9197-204, US Patent No. 5658738, and
US Patent No. 5668265). Alternatively, the
non-nucleotidic linker maybe derived from ethanediol,
propanediol, or from an abasic deoxyribose (dSpacer)
unit (Fontanel, Marie Laurence et al., Sterical
recognition by T4 polynucleotide kinase of
non-nucleosidic moieties 5'-attached to
oligonucleotides; Nucleic Acids Research (1994), 22(1
1) , 2022-7) using standard phosphoramidite chemistry.
The modified A-class oligonucleotides contain
stabilized internucleotide linkages, meaning they are
are partially resistant to degradation (e.g., are
stabilized). The oligonucleotides typically include at
least 2 and less than 6 stabilized internucleotide
linkages, but are not so limited. A stabilized
oligonucleotide molecule shall mean an oligonucleotide
that is relatively resistant to in vivo degradation
(e.g. via an exo- or endo-nuclease). Nucleic acid
stabilization can be accomplished via backbone
modifications. Oligonucleotides having
phosphorothioate linkages provide maximal activity and
protect the oligonucleotide from degradation by
intracellular exo- and endonucleases. Other modified
oligonucleotides include phosphodiester modified
nucleic 



acids, combinations of phosphodiester and
phosphorothioate nucleic acid, methylphosphonate,
methylphosphorothioate, phosphorodithioate, p-ethoxy,
and combinations thereof. Modified backbones such as
phosphorothioates may be synthesized using automated
techniques employing either phosphoramidate or
H-phosphonate chemistries. Aryl-and alkyl-phosphonates
can be made, e.g., as described in U.S. Patent No.
4,469,863; and alkylphosphotriesters (in which the
charged oxygen moiety is alkylated as described in
U.S. Patent No. 5,023,243 and European Patent No.
092,574) can be prepared by automated solid phase
synthesis using commercially available reagents.
Methods for making other DNA backbone modifications
and substitutions have been described (e.g., Uhlmann,
E. and Peyman, A., Chem. Rev. 90:544, 1990; Goodchild,
J., Bioconjugate Chem. 1:165, 1990). Other stabilized
oligonucleotides include: nonionic DNA analogs, such
as alkyland aryl-phosphates (in which the charged
phosphonate oxygen is replaced by an alkyl or aryl
group), phosphodiester and alkylphosphotriesters, in
which the charged oxygen moiety is alkylated. Nucleic
acids which contain diol, such as tetraethyleneglycol
or hexaethyleneglycol, at either or both termini have
also been shown to be substantially resistant to
nuclease degradation. The stabilized internucleotide
linkages typically occur in a part of the sequence
outside the palindrome, such as the G-rich domain.
Some exemplary immunostimulatory oligonucleotides
described by formula I are listed in table 1:Table 1
SEQ ID Number Sequence 5'-3' 3 T*C G A C G T C G T G
*G*G 7 T*C G T C G A C G T G 1/4 *G* 8 T*C G C C G G C
G T G G*G*G*G 9 T*C G G C G C C G T G G*G*G*G 10 T*C G
A C G T C G A C G T C G T G G*G*G*G 11 T*C G A C G T C
G T T G G*G*G*G 12 G*T*C G A C G T C G T G G*G*G*G 13
GT G A C G T C G T T G G*G*G*G 14 T*C G T C G A C G T
T G G*G*G*G Key phosphodiester internucleotide bond
phosphorothioate internucleotide bond Those of
ordinary skill in the art will be able to determine
the sequence of other oligonucleotides belonging to
this family of modified A-class oligonucleotides. In
another aspect of the invention the modified A-class
oligonucleotides have a lipophilic moiety in place of
the poly-G domain. A "lipophilic moiety" as used
herein is a lipophilic group covalently attached to
the 3' end of the modified A-class oligonucleotide.
The lipophilic group in general can be a cholesteryl,
a modified cholesteryl, a cholesterol derivative, a
reduced cholesterol, a substituted cholesterol,
cholestan, C16 alkyl chain, a bile acid, cholic acid,
taurocholic acid, deoxycholate, oleyl litocholic acid,
oleoyl cholenic acid, a glycolipid, a phospholipid, a
sphingolipid, an isoprenoid, such as steroids,
vitamins, such as vitamin E, saturated fatty acids,
unsaturated fatty acids, fatty acid esters, such as
triglycerides, pyrenes, porphyrines, Texaphyrine,
adamantane, acridines, biotin, coumarin, fluorescein,
rhodamine, Texas- Red, digoxygenin, dimethoxytrityl,
t-butyldimethylsilyl, t-butyldiphenylsilyl, cyanine
dyes (e.g. Cy3 or Cy5), Hoechst 33258 dye, psoralen,
or ibuprofen. In certain embodiments the lipophilic
moiety is chosen from cholesteryl, palmityl, and fatty
acyl. In one embodiment the lipohilic moiety is
cholesteryl. It is believed that inclusion of one or
more of such lipophilic moieties in the
immunostimulatory oligonucleotides of the invention
confers upon them yet additional stability against
degradation by nucleases. Where there are two or more
lipophilic moieties in a single immunostimulatory
oligonucleotide of the invention, each lipophilic
moiety can be selected independently of any other. In
one embodiment the lipophilic group is attached to a
2'-position of a nucleotide of the modified A-class
oligonucleotide. A lipophilic group can alternatively
or inaddition be linked to the heterocyclic nucleobase
of a nucleotide of the modified A-class
oligonucleotide. The lipophilic moiety can be
covalently linked to the modified A-class
oligonucleotide via any suitable direct or indirect
linkage. In one embodiment the linkage is direct and
is an ester or an amide. In one embodiment the linkage
is indirect and includes a spacer moiety, for example
one or more abasic nucleotide residues,
oligoethyleneglycol, such as triethyleneglycol (spacer
9) or hexaethylenegylcol (spacer 18), or an
alkane-diol, such as butanediol. The immunostimulatory
oligonucleotides generally have a length in the range
of between 4 and 100 nucleotides. In some embodiments
the length is in the range of 4- 40, 13-100, 13-40,
13-30, 15-50, or 15- 30 nucleotides or any integer
range therebetween. The oligonucleotides may be longer
than 100 nucleotides in length. For instance they may
be less than 120, 150 or 200 nucleotides in length. In
some embodiments the immunostimulatory
oligonucleotides are 15 or fewer nucleotides. In
preferred embodiments, the immunostimulatory
oligonucleotide is less than 16 nucleotides in length.
The terms "nucleic acid" and "oligonucleotide" are
used interchangeably to mean multiple nucleotides
(i.e., molecules comprising a sugar (e.g., ribose or
deoxyribose) linked to a phosphate group and to an
exchangeable organic base, which is either a
substituted pyrimidine (e.g., cytosine (C), thymine
(T) or uracil (U)) or a substituted purine (e.g.,
adenine (A) or guanine (G)). As used herein, the terms
"nucleic acid" and "oligonucleotide" refer to
oligoribonucleotides as well as
oligodeoxyribonucleotides. The terms "nucleic acid"
and "oligonucleotide" shall also include
polynucleosides (i.e., a polynucleotide minus the
phosphate) and any other organic base containing
polymer. Nucleic acid molecules can be obtained from
existing nucleic acid sources (e.g., genomic or cDNA),
but are preferably synthetic (e.g., produced by
nucleic acid synthesis). The term oligonucleotide
generally refers to a shorter molecule, i.e. 100
nucleotides or less in length. The terms "nucleic
acid" and "oligonucleotide" also encompass nucleic
acids or oligonucleotides with substitutions or
modifications, such as in the bases and/or sugars. For
example, they include nucleic acids having backbone
sugars that are covalently attached to low molecular
weight organic groups other than a hydroxyl group at
the 21 position and other than a phosphate group or
hydroxy group at the 5' position. Thus modified
nucleic acids may include a 2'-O-alkylated ribose
group. In addition, modified nucleic acids may include
sugars such as arabinose or 2'-fluoroarabinose instead
of ribose. Thus the nucleic acids may be heterogeneous
in backbone composition therebycontaining any possible
combination of polymer units linked together such as
peptidenucleic acids (which have an amino acid
backbone with nucleic acid bases). Other examples are
described in more detail below. The immunostimulatory
oligonucleotides of the instant invention can
encompass various chemical modifications and
substitutions, in comparison to natural RNA and DNA,
involving a phosphodiester internucleoside bridge, a
b-D-ribose unit and/or a natural nucleoside base
(adenine, guanine, cytosine, thymine, uracil).
Examples of chemical modifications are known to the
skilled person and are described, for example, in
Uhlmann E et al. (1990) Chem Rev 90:543; "Protocols
for Oligonucleotides and Analogs" Synthesis and
Properties & Synthesis and Analytical Techniques, S.
Agrawal, Ed, Humana Press, Totowa, USA 1993; Crooke ST
et al. (1996) Annu Rev Pharmacol Toxicol 36:1 07-1 29;
and Hunziker J et al. (1995) Mod Synth Methods
7:331-417. An oligonucleotide according to the
invention may have one or more modifications, wherein
each modification is located at a particular
phosphodiester internucleoside bridge and/or at a
particular b-D-ribose unit and/or at a particular
natural nucleoside base position in comparison to an
oligonucleotide of the same sequence which is composed
of natural DNA or RNA. 



For example, the oligonucleotides may comprise one or
more modifications and wherein each modification is
independently selected from: a) the replacement of a
phosphodiester internucleoside bridge located at the
31 and/or the 51end of a nucleoside by a modified
internucleoside bridge, b) the replacement of
phosphodiester bridge located at the 31and/or the 5'
end of a nucleoside by a dephospho bridge, c) the
replacement of a sugar phosphate unit from the sugar
phosphate backbone by another unit, d) the replacement
of a b-D-ribose unit by a modified sugar unit, and e)
the replacement of a natural nucleoside base by a
modified nucleoside base. More detailed examples for
the chemical modification of an oligonucleotide are as
follows. The oligonucleotides may include modified
internucleotide linkages, such as those described in a
or b above. These modified linkages may be partially
resistant to degradation (e.g., are stabilized). A
stabilized oligonucleotide molecule is an
oligonucleotide that is relatively resistant to in
vivo degradation (e.g. via an exo- or endo-nuclease)
resulting form such modifications. Oligonucleotides
having phosphorothioate linkages, in some embodiments,
may provide maximal activity andprotect the
oligonucleotide from degradation by intracellular exo-
and endo-nucleases. Typically A-class oligonucleotides
have phosphorothioate or other stabilized bonds
located at the 5' and 3' portions of the molecule. In
some embodiments, the 3' poly G domain is fully
stabilized. A phosphodiester internucleoside bridge
located at the 31and/or the 5' end of a nucleoside can
be replaced by a modified internucleoside bridge,
wherein the modified internucleoside bridge is for
example selected from phosphorothioate,
phosphorodithioate, NR1R2-phosphoramidate,
boranophosphate, a-hydroxybenzyl phosphonate,
phosphate-(CrC 2i)-O-alkyl ester, phosphate-[(C 6-Ci
2)aryl-(Ci-C 2i)-Oalkyl] ester, (CrC
b)alkylphosphonate and/or (C6-Ci 2)arylphosphonate
bridges, (C7-C12)- a-hydroxymethyl-aryl (e.g.,
disclosed in WO 95/01363), wherein (C6-Ci 2)aryl, (C -
C2o)aryl and (C6-Ci 4)aryl are optionally substituted
by halogen, alkyl, alkoxy, nitro, cyano, and where R1
and R2 are, independently of each other, hydrogen,
(Ci-Ci 8)-alkyl, (C6-C2o)-aryl, (C6-Ci 4)-aryl-(CrC
8)-alkyl, preferably hydrogen, (CrC 8)-alkyl,
preferably (Ci-C 4)-alkyl and/or methoxyethyl, or R1
and R2 form, together with the nitrogen atom carrying
them, a 5-6-membered heterocyclic ring which can
additionally contain a further heteroatom from the
group O, S and N. The replacement of a phosphodiester
bridge located at the 3' and/or the 51end of a
nucleoside by a dephospho bridge (dephospho bridges
are described, for example, in Uhlmann E and Peyman A
in "Methods in Molecular Biology", Vol. 20, "Protocols
for Oligonucleotides and Analogs", S. Agrawal, Ed.,
Humana Press, Totowa 1993, Chapter 16, pp. 355 ff),
wherein a dephospho bridge is for example selected
from the dephospho bridges formacetal,
3'-thioformacetal, methylhydroxylamine, oxime,
methylenedimethyl-hydrazo, dimethylenesulfone and/or
silyl groups. A sugar phosphate unit (i.e., a
b-D-ribose and phosphodiester internucleoside bridge
together forming a sugar phosphate unit) from the
sugar phosphate backbone (i.e., a sugar phosphate
backbone is composed of sugar phosphate units) can be
replaced by another unit, wherein the other unit is
for example suitable to build up a
"morpholino-derivative" oligomer (as described, for
example, in Stirchak EP et al. (1989) Nucleic Acids
Res 17:6129-41 ) , that is, e.g., the replacement by a
morpholinoderivative unit; or to build up a polyamide
nucleic acid ("PNA"; as described for example, in
Nielsen PE et al. (1994) Bioconjug Chem 5:3-7), that
is, e.g., the replacement by a PNA backbone unit,
e.g., by 2-aminoethylglycine. The oligonucleotide may
have other carbohydrate backbone modifications and
replacements, such as peptide nucleic acids with
phosphate groups (PHONA), lockednucleic acids (LNA),
and oligonucleotides having backbone sections with
alkyl linkers or amino linkers. The alkyl linker may
be branched or unbranched, substituted or
unsubstituted, and chirally pure or a racemic mixture.
A b-ribose unit or a b-D-2'-deoxyribose unit can be
replaced by a modified sugar unit, wherein the
modified sugar unit is for example selected from
b-D-ribose, a-D-21- deoxyribose, L-2'-deoxyribose,
2'-F-2'-deoxyribose, 2'-F-arabinose, 2'-O-(CrC
6)alkylribose, preferably 2'-O-(Ci-C 6)alkyl-ribose is
2'-O-methylribose, 2'-O-(C2-C6)alkenylribose,
2'-[O-(Ci-C 6)alkyl-O-(Ci-C 6)alkyl]-ribose,
2'-NH2-2l-deoxyribose, b-D-xylofuranose,
a-arabinofuranose, 2,4-dideoxy-
b-D-erythro-hexo-pyranose, and carbocyclic (described,
for example, in Froehler J (1992) Am Chem Soc
114:8320) and/or openchain sugar analogs (described,
for example, in Vandendriessche et al. (1993)
Tetrahedron 49:7223) and/or bicyclosugar analogs
(described, for example, in Tarkov M et al. (1993)
HeIv Chim Acta 76:481 ). In some embodiments the sugar
is 2'-O-methylribose, particularly for one or both
nucleotides linked by a phosphodiester or
phosphodiester-like intemucleoside linkage. Nucleic
acids also include substituted purines and pyrimidines
such as C-5 propyne pyrimidine and
7-deaza-7-substituted purine modified bases. Wagner RW
et al. (1996) Nat Biotechnol 14:840-4. Purines and
pyrimidines include but are not limited to adenine,
cytosine, guanine, and thymine, and other naturally
and non-naturally occurring nucleobases, substituted
and unsubstituted aromatic moieties. A modified base
is any base which is chemically distinct from the
naturally occurring bases typically found in DNA and
RNA such as T, C, G, A, and U, but which share basic
chemical structures with these naturally occurring
bases. The modified nucleoside base may be, for
example, selected from hypoxanthine, uracil,
dihydrouracil, pseudouracil, 2-thiouracil,
4-thiouracil, 5-aminouracil, 5-(CrC 6)-alkyluracil,
5-(C2-Ce)- alkenyluracil, 5-(C2-C6)-alkynyluracil,
5-(hydroxymethyl)uracil, 5-chlorouracil,
5-fluorouracil, 5-bromouracil, 5-hydroxycytosine,
5-(Ci-C 6)-alkylcytosine, 5-(C2-C6)- alkenylcytosine,
5-(C2-C6)-alkynylcytosine, 5-chlorocytosine,
5-fluorocytosine, 5-bromocytosine, N2-dimethylguanine,
2,4-diamino-purine, 8-azapurine, a substituted
7-deazapurine, preferably 7-deaza-7-substituted and/or
7-deaza-8-substituted purine, 5-hydroxymethylcytosine,
N4-alkylcytosine, e.g., N4-ethylcytosine, 5-
hydroxydeoxycytidine, 5-hydroxymethyldeoxycytidine,
N4-alkyldeoxycytidine, e.g., N4- ethyldeoxycytidine,
6-thiodeoxyguanosine, and deoxyribonucleosides of
nitropyrrole, C5-propynylpyrimidine, and diaminopurine
e.g., 2,6-diaminopurine, inosine, 5-methylcytosine,
2-aminopurine, 2-amino-6-chloropurine, hypoxanthine or
othermodifications of a natural nucleoside bases. This
list is meant to be exemplary and is not to be
interpreted to be limiting. In the formulae described
herein a set of modified bases is defined. For
instance the letter Y is used to refer to a nucleotide
wherein the nucleotide is a cytosine or a modified
cytosine. A modified cytosine as used herein is a
naturally occurring or nonnaturally occurring
pyrimidine base analog of cytosine which can replace
this base without impairing the immunostimulatory
activity of the oligonucleotide. Modified cytosines
include but are not limited to 5-substituted cytosines
(e.g. 5-methyl-cytosine, 5-fluoro-cytosine,
5-chloro-cytosine, 5-bromo-cytosine, 5-fluoro-cytosine
5-iodocytosine, 5-hydroxy-cytosine,
5-hydroxymethyl-cytosine, 5-difluoromethyl-cytosine,
and unsubstituted or substituted 5-alkynyl-cytosine),
6-substituted cytosines, N4-substituted cytosines
(e.g. N4-ethyl-cytosine), 5-aza-cytosine,
2-mercapto-cytosine, isocytosine, pseudo-isocytosine,
cytosine analogs with condensed ring systems (e.g.
N,N'- propylene cytosine or phenoxazine), and uracil
and its derivatives (e.g. 5-fluoro-uracil,
5-bromo-uracil, 5-bromovinyl-uracil, 4-thio-uracil,
5-hydroxy-uracil, 5-propynyl-uracil). In certain
embodiments, the modified cytosine residue
corresponding to Yi, Y2, and Y3 of formula I are each
independently cytosine or 5-substituted cytosines such
as 5-methylcytosine, 5-hydroxy-cytosine or
5-fluoro-cytosine. In another embodiment of the
invention, the cytosine base is substituted by a
universal base (e.g. 3-nitropyrrole, Pbase), an
aromatic ring system (e.g. fluorobenzene or
difluorobenzene) or a hydrogen atom (dSpacer). The
letter R is used to refer to guanine or a modified
guanine base. A modified guanine as used herein is a
naturally occurring or non-naturally occurring purine
base 



analog of guanine which can replace this base without
impairing the immunostimulatory activity of the
oligonucleotide. Modified guanines include but are not
limited to 7-deazaguanine, 7-deaza-7-substituted
guanine (such as 7-deaza-7-(C2-C6)alkynylguanine),
7-deaza-8-substituted guanine, hypoxanthine,
N2-substituted guanines (e.g. N2-methylguanine),
5-amino-3-methyl-3H,6H-thiazolo[4,5-d]pyrimidine-2,7-d
ione, 2,6-diaminopurine, 2-aminopurine, purine,
indole, adenine, substituted adenines (e.g.
N6-methyl-adenine, 8-oxo-adenine) 8-substituted
guanine (e.g. 8-hydroxyguanine and 8-bromoguanine),
and 6-thioguanine. In another embodiment of the
invention, the guanine base is substituted by a
universal base (e.g. 4-methyl-indole, 5-nitro-indole,
and K-base), an aromatic ring system (e.g.
benzimidazole or dichloro- benzimidazole, 1-methyl-1
H-[1 ,2,4]triazole-3-carboxylic acid amide) or a
hydrogen atom (dSpacer). Insome embodiments the
modified guanine corresponding to R1, R2 and R3 of
formula I are each independently guanine, inosine (I),
6-thio-guanine, or 7-deaza-guanine. The
oligonucleotides of the instant invention may include
lipophilic nucleotide analogs. The modified A class
oligonucleotides in some aspects comprise the sequence
R4Py-PuR5, wherein R4 and R5 are each a lipophilic
substituted nucleotide analog , wherein Py is a
pyrimidine nucleotide and wherein Pu is a purine or an
abasic residue. Preferred lipophilic nucleotide
analogs are e.g. 5-chloro-uracil, 5-bromo-uracil,
5-iodo-uracil, 5-ethyl-uracil, 5-propyl-uracil,
2.4-difluoro-toluene, and 3-nitropyrrole. For use in
the instant invention, the oligonucleotides of the
invention can be synthesized de novo using any of a
number of procedures well known in the art. For
example, the b-cyanoethyl phosphoramidite method
(Beaucage, S.L., and Caruthers, M.H., Tet. Let.
22:1859, 1981 ); nucleoside H-phosphonate method
(Garegg et al., Tet. Let. 27:4051-4054, 1986; Froehler
et a/., Nucl. Acid. Res. 14:5399-5407, 1986; Garegg et
al., Tet. Let. 27:4055-4058, 1986, Gaffney et al.,
Tet. Let. 29:2619-2622, 1988). These chemistries can
be performed by a variety of automated nucleic acid
synthesizers available in the market. These
oligonucleotides are referred to as synthetic
oligonucleotides. An isolated oligonucleotide
generally refers to an oligonucleotide which is
separated from components which it is normally
associated with in nature. As an example, an isolated
oligonucleotide may be one which is separated from a
cell, from a nucleus, from mitochondria or from
chromatin. The internucleotide linkages in the
oligonucleotide may be non-stabilized or stabilized
linkages (against nucleases), preferably
phosphodiester (non stabilized), a phosphorothioate
(stabilized) or another charged backbone. If the
internucleotide linkage at Y-R is a phosphorothioate,
the chirality of this linkage may be random, or is
preferably a phosphorothioate linkage of Rp
configuration. Modified backbones such as
phosphorothioates may be synthesized using automated
techniques employing either phosphoramidate or
H-phosphonate chemistries. Aryl-and alkyl-phosphonates
can be made, e.g., as described in U.S. Patent No.
4,469,863; and alkylphosphotriesters (in which the
charged oxygen moiety is alkylated as described in
U.S. Patent No. 5,023,243 and European Patent No.
092,574) can be prepared by automated solid phase
synthesis using commercially available reagents.
Methods for making other DNA backbone modifications
and substitutions have been described (e.g., Uhlmann,
E. and Peyman, A., Chem. Rev. 90:544, 1990; Goodchild,
J., Bioconjugate Chem. 1:165, 1990).Thus the modified
A-class oligonucleotides are useful in some aspects of
the invention for the treatment of a subject having or
at risk of developing an infectious disease, cancer,
allergy, asthma, autoimmune or inflammatory disease.
As used herein, the terms treat, treated, or treating
when used with respect to a disorder such as an
infectious disease, cancer, allergy, asthma,
autoimmune or inflammatory disease refers to a
prophylactic treatment which increases the resistance
of a subject to development of the disease (e.g., to
infection with a pathogen) or, in other words,
decreases the likelihood that the subject will develop
the disease (e.g., become infected with the pathogen)
as well as a treatment after the subject has developed
the disease in order to fight the disease (e.g.,
reduce or eliminate the infection) or prevent the
disease from becoming worse. In one embodiment the
modified A-class oligonucleotides are useful for
treating a subject who has been previously
unresponsive to conventional therapeutic treatments.
Such a subject may be someone who has never responded
to treatment or it may be someone who no longer
response to a previously efficacious treatment. In
other embodiments the subject has not been previously
treated with these or other compounds. A "subject" as
used herein refers to a vertebrate animal. In various
embodiments the subject is a human, a non-human
primate, or other mammal. In certain embodiments the
subject is a mouse, rat, guinea pig, rabbit, cat, dog,
pig, sheep, goat, cow, or horse. The modified A-class
oligonucleotides of the invention can be administered
alone or with an antigen. The antigen can be separate
from or covalently linked to a modified A-class
oligonucleotide of the invention. In one embodiment
the composition of the invention does not itself
include the antigen. In this embodiment the antigen
can be administered to the subject either separately
from the composition of the invention, or together
with the composition of the invention. Administration
that is separate includes separate in time, separate
in location or route of administration, or separate
both in time and in location or route of
administration. When the composition of the invention
and the antigen are administered separate in time, the
antigen can be administered before or after the
composition of the invention. In one embodiment the
antigen is administered 48 hours to 4 weeks after
administration of the composition of the invention.
The method also contemplates the administration of one
or more booster doses of antigen alone, composition
alone, or antigen and composition, following an
initial administration of antigen and composition.It
is also contemplated by the invention that a subject
can be prepared for a future encounter with an unknown
antigen by administering to the subject a composition
of the invention, wherein the composition does not
include an antigen. According to this embodiment the
immune system of the subject is prepared to mount a
more vigorous response to an antigen that is later
encountered by the subject, for example through
environmental or occupational exposure. Such method
can be used, for example, for travellers, medical
workers, and soldiers likely to be exposed to
microbial agents. The modified A class
oligonucleotides of the invention may be administered
alone or with other medicaments. In one aspect the
invention provides a composition useful for the
treatment of infection. The composition according to
this aspect includes a modified A-class
oligonucleotide of the invention and an anti-infection
medicament. A "subject having an infectious disease"
is a subject that has a disorder arising from the
invasion of the subject, superficially, locally, or
systemically, by an infectious microorganism. The
infectious microorganism can be a virus, bacterium,
fungus, or parasite, as described above. As such, an
infectious disease caused by the invasion of a virus
is defined as a "viral disease". A "subject at risk"
of developing an infectious disease as used herein is
a subject who has any risk of exposure to a
microorganism, e.g. someone who is in contact with an
infected subject or who is traveling to a place where
a particular microorganism is found. For instance, a
subject at risk may be a subject who is planning to
travel to an area where a particular microorganism is
found or it may even be any subject living in an area
where a microorganism has been identified. A subject
at risk of developing an infectious disease includes
those subjects that have a general risk of exposure to
a microorganism, e.g., influenza, but that don't have
the active disease during the treatment of the
invention as well as subjects that are considered to
be at specific risk of developing an infectious
disease because of medical or environmental factors,
that expose them to a particular microorganism.
Infection medicaments include but are not limited to
anti-bacterial agents, anti viral agents, anti-fungal
agents and anti-parasitic agents. Phrases such as
"antiinfective agent", "antibiotic", "anti-bacterial
agent", "anti-viral agent", "anti-fungal agent",
"anti-parasitic agent" and "parasiticide" have
well-established meanings to those of ordinary skill
in the art and are defined in standard medical texts.
Briefly, anti-bacterial 



agents kill or inhibit bacteria, and include
antibiotics as well as other synthetic or natural
compounds having similar functions. Anti-viral agents
can be isolated from natural sources or synthesized
and are useful for killing or inhibiting viruses.
Anti-fungal agents are used to treat superficial
fungal infections as well as opportunistic and
primarysystemic fungal infections. Anti-parasite
agents kill or inhibit parasites. Many antibiotics are
low molecular weight molecules which are produced as
secondary metabolites by cells, such as
microorganisms. In general, antibiotics interfere with
one or more functions or structures which are specific
for the microorganism and which are not present in
host cells. One of the problems with anti-infective
therapies is the side effects occurring in the host
that is treated with the anti-infective agent. For
instance, many anti-infectious agents can kill or
inhibit a broad spectrum of microorganisms and are not
specific for a particular type of species. Treatment
with these types of anti-infectious agents results in
the killing of the normal microbial flora living in
the host, as well as the infectious microorganism. The
loss of the microbial flora can lead to disease
complications and predispose the host to infection by
other pathogens, since the microbial flora compete
with and function as barriers to infectious pathogens.
Other side effects may arise as a result of specific
or non-specific effects of these chemical entities on
non-microbial cells or tissues of the host. Another
problem with widespread use of anti-infectants is the
development of antibiotic-resistant strains of
microorganisms. Already, vancomycin-resistant
enterococci, penicillin-resistant pneumococci,
multi-resistant S. aureus, and multiresistant
tuberculosis strains have developed and are becoming
major clinical problems. Widespread use of
anti-infectants will likely produce many
antibioticresistant strains of bacteria. As a result,
new anti-infective strategies will be required to
combat these microorganisms. Antibacterial antibiotics
which are effective for killing or inhibiting a wide
range of bacteria are referred to as broad-spectrum
antibiotics. Other types of antibacterial antibiotics
are predominantly effective against the bacteria of
the class gram-positive or gram-negative. These types
of antibiotics are referred to as narrow-spectrum
antibiotics. Other antibiotics which are effective
against a single organism or disease and not against
other types of bacteria, are referred to as
limited-spectrum antibiotics. Anti-bacterial agents
are sometimes classified based on their primary mode
of action. In general, anti-bacterial agents are cell
wall synthesis inhibitors, cell membrane inhibitors,
protein synthesis inhibitors, nucleic acid synthesis
or functional inhibitors, and competitive inhibitors.
Cell wall synthesis inhibitors inhibit a step in the
process of cell wall synthesis, and in general in the
synthesis of bacterial peptidoglycan. Cell wall
synthesis inhibitors include b-lactam antibiotics,
natural penicillins, semi-synthetic penicillins,
ampicillin, clavulanic acid, cephalosporins, and
bacitracin.The b-lactams are antibiotics containing a
four-membered b-lactam ring which inhibits the last
step of peptidoglycan synthesis b-lactam antibiotics
can be synthesized or natural. The b-lactam
antibiotics produced by penicillium are the natural
penicillins, such as penicillin G or penicillin V.
These are produced by fermentation of Penicillium
chrysogenum. The natural penicillins have a narrow
spectrum of activity and are generally effective
against Streptococcus, Gonococcus, and Staphylococcus.
Other types of natural penicillins, which are also
effective against gram-positive bacteria, include
penicillins F, X, K, and O. Semi-synthetic penicillins
are generally modifications of the molecule 6-
aminopenicillanic acid produced by a mold. The
6-aminopenicillanic acid can be modified by addition
of side chains which produce penicillins having
broader spectrums of activity than natural penicillins
or various other advantageous properties. Some types
of semi-synthetic penicillins have broad spectrums
against gram-positive and gram-negative bacteria, but
are inactivated by penicillinase. These semi-synthetic
penicillins include ampicillin, carbenicillin,
oxacillin, azlocillin, mezlocillin, and piperacillin.
Other types of semi-synthetic penicillins have
narrower activities against gram-positive bacteria,
but have developed properties such that they are not
inactivated by penicillinase. These include, for
instance, methicillin, dicloxacillin, and nafcillin.
Some of the broad spectrum semi-synthetic penicillins
can be used in combination with b-lactamase
inhibitors, such as clavulanic acids and sulbactam.
The b-lactamase inhibitors do not have anti-microbial
action but they function to inhibit penicillinase,
thus protecting the semi-synthetic penicillin from
degradation. Another type of b-lactam antibiotic is
the cephalosporins. They are sensitive to degradation
by bacterial b-lactamases, and thus, are not always
effective alone. Cephalosporins, however, are
resistant to penicillinase. They are effective against
a variety of gram-positive and gram-negative bacteria.
Cephalosporins include, but are not limited to,
cephalothin, cephapirin, cephalexin, cefamandole,
cefaclor, cefazolin, cefuroxine, cefoxitin,
cefotaxime, cefsulodin, cefetamet, cefixime,
ceftriaxone, cefoperazone, ceftazidine, and
moxalactam. Bacitracin is another class of antibiotics
which inhibit cell wall synthesis, by inhibiting the
release of muropeptide subunits or peptidoglycan from
the molecule that delivers the subunit to the outside
of the membrane. Although bacitracin is effective
against gram-positive bacteria, its use is limited in
general to topical administration because of its high
toxicity.Carbapenems are another broad-spectrum
b-lactam antibiotic, which is capable of inhibiting
cell wall synthesis. Examples of carbapenems include,
but are not limited to, imipenems. Monobactams are
also broad-spectrum b-lactam antibiotics, and include,
euztreonam. An antibiotic produced by Streptomyces,
vancomycin, is also effective against gram-positive
bacteria by inhibiting cell membrane synthesis.
Another class of anti-bacterial agents is the
anti-bacterial agents that are cell membrane
inhibitors. These compounds disorganize the structure
or inhibit the function of bacterial membranes. One
problem with anti-bacterial agents that are cell
membrane inhibitors is that they can produce effects
in eukaryotic cells as well as bacteria because of the
similarities in phospholipids in bacterial and
eukaryotic membranes. Thus these compounds are rarely
specific enough to permit these compounds to be used
systemically and prevent the use of high doses for
local administration. One clinically useful cell
membrane inhibitor is Polymyxin. Polymyxins interfere
with membrane function by binding to membrane
phospholipids. Polymyxin is effective mainly against
Gram-negative bacteria and is generally used in severe
Pseudomonas infections or Pseudomonas infections that
are resistant to less toxic antibiotics. The severe
side effects associated with systemic administration
of this compound include damage to the kidney and
other organs. Other cell membrane inhibitors include
Amphotericin B and Nystatin which are anti-fungal
agents used predominantly in the treatment of systemic
fungal infections and Candida yeast infections.
Imidazoles are another class of antibiotic that is a
cell membrane inhibitor. Imidazoles are used as
anti-bacterial agents as well as anti-fungal agents,
e.g., used for treatment of yeast infections,
dermatophyte infections, and systemic fungal
infections. Imidazoles include but are not limited to
clotrimazole, miconazole, ketoconazole, itraconazole,
and fluconazole. Many anti-bacterial agents are
protein synthesis inhibitors. These compounds prevent
bacteria from synthesizing structural proteins and
enzymes and thus cause inhibition of bacterial cell
growth or function or cell death. In general these
compounds interfere with the processes of
transcription or translation. Anti-bacterial agents
that block transcription include but are not limited
to Rifampins and Ethambutol. Rifampins, which inhibit
the enzyme RNA polymerase, have a broad spectrum
activity and are effective against gram-positive and
gram-negative bacteria as well as Mycobacterium
tuberculosis. Ethambutol is effective against
Mycobacterium tuberculosis.Anti-bacterial agents which
block translation interfere with bacterial ribosomes
to prevent mRNA from being translated into proteins.
In general this class of compounds includes but is not
limited to tetracyclines, chloramphenicol, the
macrolides (e.g., erythromycin) and the
aminoglycosides (e.g., streptomycin). The
aminoglycosides are a class of antibiotics which are
produced by the 



bacterium Streptomyces, such as, for instance
streptomycin, kanamycin, tobramycin, amikacin, and
gentamicin. Aminoglycosides have been used against a
wide variety of bacterial infections caused by
Gram-positive and Gram-negative bacteria. Streptomycin
has been used extensively as a primary drug in the
treatment of tuberculosis. Gentamicin is used against
many strains of Gram-positive and Gramnegative
bacteria, including Pseudomonas infections, especially
in combination with Tobramycin. Kanamycin is used
against many Gram-positive bacteria, including
penicillin-resistant Staphylococci. One side effect of
aminoglycosides that has limited their use clinically
is that at dosages which are essential for efficacy,
prolonged use has been shown to impair kidney function
and cause damage to the auditory nerves leading to
deafness. Another type of translation inhibitor
anti-bacterial agent is the tetracyclines. The
tetracyclines are a class of antibiotics that are
broad-spectrum and are effective against a variety of
gram-positive and gram-negative bacteria. Examples of
tetracyclines include tetracycline, minocycline,
doxycycline, and chlortetracycline. They are important
for the treatment of many types of bacteria but are
particularly important in the treatment of Lyme
disease. As a result of their low toxicity and minimal
direct side effects, the tetracyclines have been
overused and misused by the medical community, leading
to problems. For instance, their overuse has led to
widespread development of resistance. Anti-bacterial
agents such as the macrolides bind reversibly to the
50 S ribosomal subunit and inhibit elongation of the
protein by peptidyl transferase or prevent the release
of uncharged tRNA from the bacterial ribosome or both.
These compounds include erythromycin, roxithromycin,
clarithromycin, oleandomycin, and azithromycin.
Erythromycin is active against most Gram-positive
bacteria, Neisseria, Legionella and Haemophilus, but
not against the Enterobacteriaceae. Lincomycin and
clindamycin, which block peptide bond formation during
protein synthesis, are used against grampositive
bacteria. Another type of translation inhibitor is
chloramphenicol. Chloramphenicol binds the 70 S
ribosome inhibiting the bacterial enzyme peptidyl
transferase therebypreventing the growth of the
polypeptide chain during protein synthesis. One
serious side effect associated with chloramphenicol is
aplastic anemia. Aplastic anemia develops at doses of
chloramphenicol which are effective for treating
bacteria in a small proportion (1/50,000) of patients.
Chloramphenicol which was once a highly prescribed
antibiotic is now seldom uses as a result of the
deaths from anemia. Because of its effectiveness it is
still used in life-threatening situations (e.g.,
typhoid fever). Some anti-bacterial agents disrupt
nucleic acid synthesis or function, e.g., bind to DNA
or RNA so that their messages cannot be read. These
include but are not limited to quinolones and
co-trimoxazole, both synthetic chemicals and
rifamycins, a natural or semi-synthetic chemical. The
quinolones block bacterial DNA replication by
inhibiting the DNA gyrase, the enzyme needed by
bacteria to produce their circular DNA. They are broad
spectrum and examples include norfloxacin,
ciprofloxacin, enoxacin, nalidixic acid and
temafloxacin. Nalidixic acid is a bactericidal agent
that binds to the DNA gyrase enzyme (topoisomerase)
which is essential for DNA replication and allows
supercoils to be relaxed and reformed, inhibiting DNA
gyrase activity. The main use of nalidixic acid is in
treatment of lower urinary tract infections (UTI)
because it is effective against several types of
Gram-negative bacteria such as E. coli, Enterobacter
aerogenes, K. pneumoniae and Proteus species which are
common causes of UTI. Co-trimoxazole is a combination
of sulfamethoxazole and trimethoprim, which blocks the
bacterial synthesis of folic acid needed to make DNA
nucleotides. Rifampicin is a derivative of rifamycin
that is active against Gram-positive bacteria
(including Mycobacterium tuberculosis and meningitis
caused by Neisseria meningitidis) and some
Gram-negative bacteria. Rifampicin binds to the beta
subunit of the polymerase and blocks the addition of
the first nucleotide which is necessary to activate
the polymerase, thereby blocking mRNA synthesis.
Another class of anti-bacterial agents is compounds
that function as competitive inhibitors of bacterial
enzymes. The competitive inhibitors are mostly all
structurally similar to a bacterial growth factor and
compete for binding but do not perform the metabolic
function in the cell. These compounds include
sulfonamides and chemically modified forms of
sulfanilamide which have even higher and broader
antibacterial activity. The sulfonamides (e.g.,
gantrisin and trimethoprim) are useful for the
treatment of Streptococcus pneumoniae, beta-hemolytic
streptococci and E. coli, and have been used in the
treatment of uncomplicated UTI caused by E. coli, and
in the treatment of meningococcal
meningitis.Anti-viral agents are compounds which
prevent infection of cells by viruses or replication
of the virus within the cell. There are many fewer
anti-viral drugs than antibacterial drugs because the
process of viral replication is so closely related to
DNA replication within the host cell, that
non-specific anti-viral agents would often be toxic to
the host. There are several stages within the process
of viral infection which can be blocked or inhibited
by anti-viral agents. These stages include, attachment
of the virus to the host cell (immunoglobulin or
binding peptides), uncoating of the virus (e.g.
amantadine), synthesis or translation of viral mRNA
(e.g. interferon), replication of viral RNA or DNA
(e.g. nucleoside analogs), maturation of new virus
proteins (e.g. protease inhibitors), and budding and
release of the virus. Another category of anti-viral
agents are nucleoside analogs. Nucleoside analogs are
synthetic compounds which are similar to nucleosides,
but which have an incomplete or abnormal deoxyribose
or ribose group. Once the nucleoside analogs are in
the cell, they are phosphorylated, producing the
triphosphate form which competes with normal
nucleotides for incorporation into the viral DNA or
RNA. Once the triphosphate form of the nucleoside
analogue is incorporated into the growing nucleic acid
chain, it causes irreversible association with the
viral polymerase and thus chain termination.
Nucleoside analogs include, but are not limited to,
acyclovir (used for the treatment of herpes simplex
virus and varicella-zoster virus), gancyclovir (useful
for the treatment of cytomegalovirus), idoxuridine,
ribavirin (useful for the treatment of respiratory
syncitial virus), dideoxyinosine, dideoxycytidine, and
zidovudine (azidothymidine). Another class of
anti-viral agents includes cytokines such as
interferons. The interferons are cytokines which are
secreted by virus-infected cells as well as immune
cells. The interferons function by binding to specific
receptors on cells adjacent to the infected cells,
causing the change in the cell which protects it from
infection by the virus a and b-interferon also induce
the expression of Class I and Class Il MHC molecules
on the surface of infected cells, resulting in
increased antigen presentation for host immune cell
recognition a and b-interferons are available as
recombinant forms and have been used for the treatment
of chronic hepatitis B and C infection. At the dosages
which are effective for anti-viral therapy,
interferons have severe side effects such as fever,
malaise and weight loss. Immunoglobulin therapy is
used for the prevention of viral infection.
Immunoglobulin therapy for viral infections is
different from bacterial infections, because rather
than being antigen-specific, the immunoglobulin
therapy functions by binding toextracellular virions
and preventing them from attaching to and entering
cells which are susceptible to the viral infection.
The therapy is useful for the prevention of viral
infection for the period of time that the antibodies
are present in the host. In general there are two
types of immunoglobulin therapies, normal immune
globulin therapy and hyper-immune globulin therapy.
Normal immune globulin therapy utilizes a antibody
product which is prepared from the serum of normal
blood donors and pooled. This pooled product contains
low titers of antibody to a wide range of human
viruses, such as hepatitis A, parvovirus, enterovirus
(especially in neonates). Hyper-immune globulin
therapy utilizes antibodies which are prepared from
the serum of individuals who have high titers of an
antibody to a particular virus. Those antibodies are
then used against a specific virus. Examples of
hyper-immune globulins include zoster immune globulin
(useful for the prevention of varicella in
immunocompromised children and neonates), 



human rabies immune globulin (useful in the
post-exposure prophylaxis of a subject bitten by a
rabid animal), hepatitis B immune globulin (useful in
the prevention of hepatitis B virus, especially in a
subject exposed to the virus), and RSV immune globulin
(useful in the treatment of respiratory syncitial
virus infections). Anti-viral agents or medicaments
known in the art include but are not limited to
Acemannan; Acyclovir; Acyclovir Sodium; Adefovir;
Alovudine; Alvircept Sudotox; Amantadine
Hydrochloride; Aranotin; Arildone; Atevirdine
Mesylate; Avridine; Cidofovir; Cipamfylline;
Cytarabine Hydrochloride; Delavirdine Mesylate;
Desciclovir; Didanosine; Disoxaril; Edoxudine;
Enviradene; Enviroxime; Famciclovir; Famotine
Hydrochloride; Fiacitabine; Fialuridine; Fosarilate;
Foscarnet Sodium; Fosfonet Sodium; Ganciclovir;
Ganciclovir Sodium; Idoxuridine; Kethoxal; Lamivudine;
Lobucavir; Memotine Hydrochloride; Methisazone;
Nevirapine; Penciclovir; Pirodavir; Ribavirin;
Rimantadine Hydrochloride; Saquinavir Mesylate;
Somantadine Hydrochloride; Sorivudine; Statolon;
Stavudine; Tilorone Hydrochloride; Trifluridine;
Valacyclovir Hydrochloride; Vidarabine; Vidarabine
Phosphate; Vidarabine Sodium Phosphate; Viroxime;
Zalcitabine; Zidovudine; and Zinviroxime. Anti-fungal
agents are useful for the treatment and prevention of
infective fungi. Anti-fungal agents are sometimes
classified by their mechanism of action. Some anti
fungal agents function as cell wall inhibitors by
inhibiting glucose synthase. These include, but are
not limited to, basiungin/ECB. Other anti-fungal
agents function by destabilizing membrane integrity.
These include, but are not limited to, imidazoles,
such as clotrimazole, sertaconzole, fluconazole,
itraconazole, ketoconazole, miconazole, and
voriconacole, as well as FK 463, amphotericin B, BAY
38-9502, MK991 , pradimicin, UK 292, butenafine, and
terbinafine. Other anti-fungal agents function by
breaking down chitin (e.g., chitinase) or
immunosuppression (501 cream). Parasiticides are
agents that kill parasites directly. Such compounds
are known in the art and are generally commercially
available. Examples of parasiticides useful for human
administration include but are not limited to
albendazole, amphotericin B, benznidazole, bithionol,
chloroquine HCI, chloroquine phosphate, clindamycin,
dehydroemetine, diethylcarbamazine, diloxanide
furoate, eflornithine, furazolidaone, glucocorticoids,
halofantrine, iodoquinol, ivermectin, mebendazole,
mefloquine, meglumine antimoniate, melarsoprol,
metrifonate, metronidazole, niclosamide, nifurtimox,
oxamniquine, paromomycin, pentamidine isethionate,
piperazine, praziquantel, primaquine phosphate,
proguanil, pyrantel pamoate,
pyrimethanminesulfonamides,
pyrimethanmine-sulfadoxine, quinacrine HCI, quinine
sulfate, quinidine gluconate, spiramycin,
stibogluconate sodium (sodium antimony gluconate),
suramin, tetracycline, doxycycline, thiabendazole,
tinidazole, trimethroprim-sulfamethoxazole, and
tryparsamide. The modified A-class oligonucleotides
are also useful for treating and preventing autoimmune
disease. Autoimmune disease is a class of diseases in
which a subject's own antibodies react with host
tissue or in which immune effector T cells are
autoreactive to endogenous self peptides and cause
destruction of tissue. Thus an immune response is
mounted against a subject's own antigens, referred to
as self antigens. Autoimmune diseases include but are
not limited to rheumatoid arthritis, Crohn's disease,
multiple sclerosis, systemic lupus erythematosus
(SLE), autoimmune encephalomyelitis, myasthenia gravis
(MG), Hashimoto's thyroiditis, Goodpasture's syndrome,
pemphigus (e.g., pemphigus vulgaris), Grave's disease,
autoimmune hemolytic anemia, autoimmune
thrombocytopenic purpura, scleroderma with
anticollagen antibodies, mixed connective tissue
disease, polymyositis, pernicious anemia, idiopathic
Addison's disease, autoimmune-associated infertility,
glomerulonephritis (e.g., crescentic
glomerulonephritis, proliferative glomerulonephritis),
bullous pemphigoid, Sjogren's syndrome, insulin
resistance, and autoimmune diabetes mellitus. A
"self-antigen" as used herein refers to an antigen of
a normal host tissue. Normal host tissue does not
include cancer cells. Thus an immune response mounted
against a self-antigen, in the context of an
autoimmune disease, is an undesirable immune response
and contributes to destruction and damage of normal
tissue, whereas an immune response mounted against a
cancer antigen is a desirable immune response and
contributes to the destruction of the tumor or cancer.
Thus, in someaspects of the invention aimed at
treating autoimmune disorders it is not recommended
that the oligonucleotide be administered with self
antigens, particularly those that are the targets of
the autoimmune disorder. In other instances, the
modified A-class oligonucleotides may be delivered
with low doses of self-antigens. A number of animal
studies have demonstrated that mucosal administration
of low doses of antigen can result in a state of
immune hyporesponsiveness or "tolerance." The active
mechanism appears to be a cytokinemediated immune
deviation away from a Th1 towards a predominantly Th2
and Th3 (i.e., TGF-D dominated) response. The active
suppression with low dose antigen delivery can also
suppress an unrelated immune response (bystander
suppression) which is of considerable interest in the
therapy of autoimmune diseases, for example,
rheumatoid arthritis and SLE. Bystander suppression
involves the secretion of Th1- counter-regulatory,
suppressor cytokines in the local environment where
proinflammatory and Th1 cytokines are released in
either an antigen-specific or antigen-nonspecific
manner. "Tolerance" as used herein is used to refer to
this phenomenon. Indeed, oral tolerance has been
effective in the treatment of a number of autoimmune
diseases in animals including: experimental autoimmune
encephalomyelitis (EAE), experimental autoimmune
myasthenia gravis, collageninduced arthritis (CIA),
and insulin-dependent diabetes mellitus. In these
models, the prevention and suppression of autoimmune
disease is associated with a shift in antigen-specific
humoral and cellular responses from a Th1 to Th2/Th3
response. The compositions and methods of the
invention can be used alone or in conjunction with
other agents and methods useful for the treatment of
cancer. In one aspect the invention provides a method
of treating a subject having a cancer. The method
according to this aspect of the invention includes the
step of administering to a subject having a cancer an
effective amount of a composition of the invention to
treat the subject. A subject having a cancer is a
subject that has detectable cancerous cells. The
cancer may be a malignant or non-malignant cancer.
"Cancer" as used herein refers to an uncontrolled
growth of cells which interferes with the normal
functioning of the bodily organs and systems. Cancers
which migrate from their original location and seed
vital organs can eventually lead to the death of the
subject through the functional deterioration of the
affected organs. Hemopoietic cancers, such as
leukemia, are able to outcompete the normal
hemopoietic compartments in a subject, thereby leading
to hemopoietic failure (in the form of anemia,
thrombocytopenia and neutropenia)ultimately causing
death. A "subject at risk of developing cancer" is a
subject for whom the likelihood of developing cancer
is higher than normal due to factors such as a family
history of cancer, exposure to carcinogens, etc. A
metastasis is a region of cancer cells, distinct from
the primary tumor location, resulting from the
dissemination of cancer cells from the primary tumor
to other parts of the body. At the time of diagnosis
of the primary tumor mass, the subject may be
monitored for the presence of metastases. Metastases
are most often detected through the sole or combined
use of magnetic resonance imaging (MRI) scans,
computed tomography (CT) scans, blood and platelet
counts, liver function studies, chest X-rays and bone
scans in addition to the monitoring of specific
symptoms. Cancers include, but are not limited to,
basal cell carcinoma, biliary tract cancer; bladder
cancer; bone cancer; brain and central nervous system
(CNS) cancer; breast cancer; cervical cancer;
choriocarcinoma; colon and rectum cancer; connective
tissue cancer; cancer of the digestive system;
endometrial cancer; esophageal cancer; eye cancer;
cancer of the head and neck; intra-epithelial
neoplasm; kidney cancer; larynx cancer; leukemia;
liver cancer; lung cancer (e.g. small cell and
non-small cell); lymphoma including Hodgkin's and
Non-Hodgkin's lymphoma; melanoma; myeloma;
neuroblastoma; oral cavity cancer (e.g., lip, tongue,
mouth, and pharynx); ovarian 



cancer; pancreatic cancer; prostate cancer;
retinoblastoma; rhabdomyosarcoma; rectal cancer;
cancer of the respiratory system; sarcoma; skin
cancer; stomach cancer; testicular cancer; thyroid
cancer; uterine cancer; cancer of the urinary system,
as well as other carcinomas, adenocarcinomas, and
sarcomas. The immunostimulatory composition of the
invention may also be administered in conjunction with
an anti-cancer therapy. Anti-cancer therapies include
cancer medicaments, radiation, and surgical
procedures. As used herein, a "cancer medicament"
refers to an agent which is administered to a subject
for the purpose of treating a cancer. As used herein,
"treating cancer" includes preventing the development
of a cancer, reducing the symptoms of cancer, and/or
inhibiting the growth of an established cancer. In
other aspects, the cancer medicament is administered
to a subject at risk of developing a cancer for the
purpose of reducing the risk of developing the cancer.
Various types of medicaments for the treatment of
cancer are described herein. For the purpose of this
specification, cancer medicaments are classified as
chemotherapeutic agents, immunotherapeutic agents,
cancer vaccines, hormone therapy, and biological
response modifiers.The chemotherapeutic agent may be
selected from the group consisting of methotrexate,
vincristine, adriamycin, cisplatin, non-sugar
containing chloroethylnitrosoureas, 5-fluorouracil,
mitomycin C, bleomycin, doxorubicin, dacarbazine,
taxol, fragyline, Meglamine GLA, valrubicin,
carmustaine and poliferposan, MMI270, BAY 12-9566, RAS
famesyl transferase inhibitor, famesyl transferase
inhibitor, MMP, MTA/LY231514, LY264618/Lometexol,
Glamolec, CI-994, TNP-470, Hycamtin/Topotecan, PKC412,
Valspodar/PSC833, Novantrone/Mitroxantrone,
Metaret/Suramin, Batimastat, E7070, BCH-4556, CS-682,
9- AC, AG3340, AG3433, lncelL/X-710, VX-853, ZD0101 ,
ISI641 , ODN 698, TA 2516/Marmistat, BB2516/Marmistat,
CDP 845, D2163, PD183805, DX8951f, Lemonal DP 2202, FK
3 17, Picibanil/OK-432, AD 32/Valrubicin,
Metastron/strontium derivative, Temodal/Temozolomide,
Evacet/liposomal doxorubicin, Yewtaxan/Paclitaxel,
Taxol/Paclitaxel, Xeload/Capecitabine,
Furtulon/Doxifluridine, Cyclopax/oral paclitaxel, Oral
Taxoid, SPU-077/Cisplatin, HMR 1275/Flavopiridol,
CP-358 (774)/EGFR, CP-609 (754)/RAS oncogene
inhibitor, BMS-1 82751 /oral platinum,
UFT(Tegafur/Uracil), Ergamisol/Levamisole,
Eniluracil/776C85/5FU enhancer, Campto/Levamisole,
Camptosar/lrinotecan, Tumodex/Ralitrexed,
Leustatin/Cladribine, Paxex/Paclitaxel,
Doxil/liposomal doxorubicin, Caelyx/liposomal
doxorubicin, Fludara/Fludarabine,
Pharmarubicin/Epirubicin, DepoCyt, ZD1839, LU
79553/Bis-Naphtalimide, LU 103793/Dolastain,
Caetyx/liposomal doxorubicin, Gemzar/Gemcitabine, ZD
0473/Anormed, YM 116, Iodine seeds, CDK4 and CDK2
inhibitors, PARP inhibitors, D4809/Dexifosamide,
Ifes/Mesnex/lfosamide, Vumon/Teniposide,
Paraplatin/Carboplatin, Plantinol/cisplatin,
Vepeside/Etoposide, ZD 9331 , Taxotere/Docetaxel,
prodrug of guanine arabinoside, Taxane Analog,
nitrosoureas, alkylating agents such as melphelan and
cyclophosphamide, Aminoglutethimide, Asparaginase,
Busulfan, Carboplatin, Chlorambucil, Cytarabine HCI,
Dactinomycin, Daunorubicin HCI, Estramustine phosphate
sodium, Etoposide (VP16-213), Floxuridine,
Fluorouracil (5-FU), Flutamide, Hydroxyurea
(hydroxycarbamide), Ifosfamide, Interferon Alfa-2a,
Alfa-2b, Leuprolide acetate (LHRH-releasing factor
analogue), Lomustine (CCNU), Mechlorethamine HCI
(nitrogen mustard), Mercaptopurine, Mesna, Mitotane
(o.p '-DDD), Mitoxantrone HCI, Octreotide, Plicamycin,
Procarbazine HCI, Streptozocin, Tamoxifen citrate,
Thioguanine, Thiotepa, Vinblastine sulfate, Amsacrine
(m-AMSA), Azacitidine, Erthropoietin,
Hexamethylmelamine (HMM), lnterleukin 2, Mitoguazone
(methyl-GAG; methyl glyoxal bis-guanylhydrazone;
MGBG), Pentostatin(2'deoxycoformycin), Semustine
(methyl-CCNU), Teniposide (VM-26) and Vindesine
sulfate, but it is not so limited. The
immunotherapeutic agent may be selected from the group
consisting of 3622W94, 4B5, ANA Ab, anti-FLK-2,
anti-VEGF, ATRAGEN, AVASTIN (bevacizumab; Genentech),
BABS, BEC2, BEXXAR (tositumomab; GlaxoSmithKline),
C225, CAMPATH (alemtuzumab; Genzyme Corp.), CEACIDE,
CMA 676, EMD-72000, ERBITUX (cetuximab; ImCIone
Systems, Inc.), Gliomab-H, GNI-250, HERCEPTIN
(trastuzumab; Genentech), IDEC-Y2B8, ImmuRAIT-CEA, ior
c , ior egf.r3, ior t , LDP- 03, LymphoCide, MDX-1 1,
MDX-22, MDX-210, MDX-220, MDX-260, MDX-447,
MELIMMUNE-1 , MELIMMUNE-2, Monopharm-C, NovoMAb-G2,
Oncolym, OV103, Ovarex, Panorex, Pretarget, Quadramet,
Ributaxin, RITUXAN (rituximab; Genentech), SMART 1D10
Ab, SMART ABL 364 Ab, SMART M195, TNT, and ZENAPAX
(daclizumab; Roche), but it is not so limited. The
cancer vaccine may be selected from the group
consisting of EGF, Antiidiotypic cancer vaccines, Gp75
antigen, GMK melanoma vaccine, MGV ganglioside
conjugate vaccine, Her2/neu, Ovarex, M-Vax, O-Vax,
L-Vax, STn-KHL theratope, BLP25 (MUC-1), liposomal
idiotypic vaccine, Melacine, peptide antigen vaccines,
toxin/antigen vaccines, MVA-based vaccine, PACIS, BCG
vacine, TA-HPV, TA-CIN, DISC-virus and
ImmuCyst/TheraCys, but it is not so limited. The
compositions and methods of the invention can be used
alone or in conjunction with other agents and methods
useful for the treatment of allergy. In one aspect the
invention provides a method of treating a subject
having an allergic condition. The method according to
this aspect of the invention includes the step of
administering to a subject having an allergic
condition an effective amount of a composition of the
invention to treat the subject. In one aspect the
invention provides a method of treating a subject
having an allergic condition. The method according to
this aspect of the invention includes the step of
administering to a subject having an allergic
condition an effective amount of the composition of
the invention and an anti-allergy therapy to treat the
subject. In one aspect the invention provides a use of
a modified A-class oligonucleotide of the invention
for the preparation of a medicament for treating an
allergic condition in a subject. In one aspect the
invention provides a composition useful for the
treatment of an allergic condition. The composition
according to this aspect includes a modified A-class
oligonucleotide of the invention and an allergy
medicament.A "subject having an allergic condition"
shall refer to a subject that is currently
experiencing or has previously experienced an allergic
reaction in response to an allergen. An "allergic
condition" or "allergy" refers to acquired
hypersensitivity to a substance (allergen). Allergic
conditions include but are not limited to eczema,
allergic rhinitis or coryza, hay fever, allergic
conjunctivitis, bronchial asthma, urticaria (hives)
and food allergies, other atopic conditions including
atopic dermatitis; anaphylaxis; drug allergy; and
angioedema. Allergy is typically an episodic condition
associated with the production of antibodies from a
particular class of immunoglobulin, IgE, against
allergens. The development of an IgE-mediated response
to common aeroallergens is also a factor which
indicates predisposition towards the development of
asthma. If an allergen encounters a specific IgE which
is bound to an IgE Fc receptor (FcDR) on the surface
of a basophil (circulating in the blood) or mast cell
(dispersed throughout solid tissue), the cell becomes
activated, resulting in the production and release of
mediators such as histamine, serotonin, and lipid
mediators. An allergic reaction occurs when
tissue-sensitizing immunoglobulin of the IgE type
reacts with foreign allergen. The IgE antibody is
bound to mast cells and/or basophils, and these
specialized cells release chemical mediators
(vasoactive amines) of the allergic reaction when
stimulated to do so by allergens bridging the ends of
the antibody molecule. Histamine, platelet activating
factor, arachidonic acid metabolites, and serotonin
are among the best known mediators of allergic
reactions in man. Histamine and the other vasoactive
amines are normally stored in mast cells and basophil
leukocytes. The mast cells are dispersed throughout
animal tissue and the basophils circulate within the
vascular system. These cells manufacture and store
histamine within the cell unless the specialized
sequence of events involving IgE binding occurs to
trigger its release. 



Symptoms of an allergic reaction vary, depending on
the location within the body where the IgE reacts with
the antigen. If the reaction occurs along the
respiratory epithelium, the symptoms generally are
sneezing, coughing and asthmatic reactions. If the
interaction occurs in the digestive tract, as in the
case of food allergies, abdominal pain and diarrhea
are common. Systemic allergic reactions, for example
following a bee sting or administration of penicillin
to an allergic subject, can be severe and often
life-threatening. Allergy is associated with a
Th2-type of immune response, which is characterized at
least in part by Th2 cytokines IL-4 and IL-5, as well
as antibody isotypeswitching to IgE. Th1 and Th2
immune responses are mutually counter-regulatory, so
that skewing of the immune response toward a Th1-type
of immune response can prevent or ameliorate a
Th2-type of immune response, including allergy. The
modified A-class oligonucleotides of the invention are
therefore useful by themselves to treat a subject
having an allergic condition because the modified
oligonucleotides can skew the immune response toward a
TM -type of immune response. Alternatively or in
addition, the modified A-class oligonucleotides of the
invention can be used in combination with an allergen
to treat a subject having an allergic condition. The
immunostimulatory composition of the invention may
also be administered in conjunction with an
anti-allergy therapy. Conventional methods for
treating or preventing allergy have involved the use
of allergy medicaments or desensitization therapies.
Some evolving therapies for treating or preventing
allergy include the use of neutralizing anti-lgE
antibodies. Anti-histamines and other drugs which
block the effects of chemical mediators of the
allergic reaction help to regulate the severity of the
allergic symptoms but do not prevent the allergic
reaction and have no effect on subsequent allergic
responses. Desensitization therapies are performed by
giving small doses of an allergen, usually by
injection under the skin, in order to induce an
IgG-type response against the allergen. The presence
of IgG antibody helps to neutralize the production of
mediators resulting from the induction of IgE
antibodies, it is believed. Initially, the subject is
treated with a very low dose of the allergen to avoid
inducing a severe reaction and the dose is slowly
increased. This type of therapy is dangerous because
the subject is actually administered the compounds
which cause the allergic response and severe allergic
reactions can result. Allergy medicaments include, but
are not limited to, anti-histamines, corticosteroids,
and prostaglandin inducers. Anti-histamines are
compounds which counteract histamine released by mast
cells or basophils. These compounds are well known in
the art and commonly used for the treatment of
allergy. Anti-histamines include, but are not limited
to, acrivastine, astemizole, azatadine, azelastine,
betatastine, brompheniramine, buclizine, cetirizine,
cetirizine analogs, chlorpheniramine, clemastine, CS
560, cyproheptadine, desloratadine,
dexchlorpheniramine, ebastine, epinastine,
fexofenadine, HSR 609, hydroxyzine, levocabastine,
loratidine, methscopolamine, mizolastine,
norastemizole, phenindamine, promethazine, pyrilamine,
terfenadine, and tranilast. Corticosteroids include,
but are not limited to, methylprednisolone,
prednisolone, prednisone, beclomethasone, budesonide,
dexamethasone, flunisolide, fluticasonepropionate, and
triamcinolone. Although dexamethasone is a
corticosteroid having anti inflammatory action, it is
not regularly used for the treatment of allergy or
asthma in an inhaled form because it is highly
absorbed and it has long-term suppressive side effects
at an effective dose. Dexamethasone, however, can be
used according to the invention for treating allergy
or asthma because when administered in combination
with a composition of the invention it can be
administered at a low dose to reduce the side effects.
Some of the side effects associated with
corticosteroid use include cough, dysphonia, oral
thrush (candidiasis), and in higher doses, systemic
effects, such as adrenal suppression, glucose
intolerance, osteoporosis, aseptic necrosis of bone,
cataract formation, growth suppression, hypertension,
muscle weakness, skin thinning, and easy bruising.
Barnes & Peterson (1993) Am Rev Respir Dis 148:S1-S26;
and Kamada AK et al. ( 1996) Am J Respir Crit Care Med
153:1 739-48. The compositions and methods of the
invention can be used alone or in conjunction with
other agents and methods useful for the treatment of
asthma. In one aspect the invention provides a method
of treating a subject having asthma. The method
according to this aspect of the invention includes the
step of administering to a subject having asthma an
effective amount of a composition of the invention to
treat the subject. In one aspect the invention
provides a method of treating a subject having asthma.
The method according to this aspect of the invention
includes the step of administering to a subject having
asthma an effective amount of the composition of the
invention and an anti-asthma therapy to treat the
subject. In one aspect the invention provides a use of
a modified A-class oligonucleotide of the invention
for the preparation of a medicament for treating
asthma in a subject. In one aspect the invention
provides a composition useful for the treatment of
asthma. The composition according to this aspect
includes a modified A-class oligonucleotide of the
invention and an asthma medicament. "Asthma" as used
herein refers to a disorder of the respiratory system
characterized by inflammation and narrowing of the
airways, and increased reactivity of the airways to
inhaled agents. Asthma is frequently, although not
exclusively, associated with an atopic or allergic
condition. Symptoms of asthma include recurrent
episodes of wheezing, breathlessness, chest tightness,
and coughing, resulting from airflow obstruction.
Airway inflammation associated with asthma can be
detected through observation of a number of
physiological changes, such as, denudation of airway
epithelium, collagen deposition beneath basement
membrane, edema, mast cellactivation, inflammatory
cell infiltration, including neutrophils, eosinophils,
and lymphocytes. As a result of the airway
inflammation, asthma patients often experience airway
hyper-responsiveness, airflow limitation, respiratory
symptoms, and disease chronicity. Airflow limitations
include acute bronchoconstriction, airway edema,
mucous plug formation, and airway remodeling, features
which often lead to bronchial obstruction. In some
cases of asthma, sub-basement membrane fibrosis may
occur, leading to persistent abnormalities in lung
function. Research over the past several years has
revealed that asthma likely results from complex
interactions among inflammatory cells, mediators, and
other cells and tissues resident in the airways. Mast
cells, eosinophils, epithelial cells, macrophage, and
activated T cells all play an important role in the
inflammatory process associated with asthma.
Djukanovic R et al. (1990) Am Rev Respir Dis
142:434-457. It is believed that these cells can
influence airway function through secretion of
preformed and newly synthesized mediators which can
act directly or indirectly on the local tissue. It has
also been recognized that subpopulations of T
lymphocytes (Th2) play an important role in regulating
allergic inflammation in the airway by releasing
selective cytokines and establishing disease
chronicity. Robinson DS et al. ( 1992) N Engl J Med
326:298-304. Asthma is a complex disorder which arises
at different stages in development and can be
classified based on the degree of symptoms as acute,
subacute, or chronic. An acute inflammatory response
is associated with an early recruitment of cells into
the airway. The subacute inflammatory response
involves the recruitment of cells as well as the
activation of resident cells causing a more persistent
pattern of inflammation. Chronic inflammatory response
is characterized by a persistent level of cell damage
and an ongoing repair process, which may result in
permanent abnormalities in the airway. A "subject
having asthma" is a subject that has a disorder of the
respiratory system characterized by inflammation and
narrowing of the airways and increased reactivity of
the airways to inhaled agents. Factors associated with
initiation of asthma include, but are not limited to,
allergens, cold temperature, exercise, viral
infections, and SO2. As mentioned above, asthma may be
associated with a Th2-type of immune response, which
is characterized at least in part by Th2 cytokines
IL-4 and IL-5, as well 



as antibody isotype switching to IgE. Th1 and Th2
immune responses are mutually counter-regulatory, so
that skewing of the immune response toward a TM -type
of immune response can prevent or ameliorate a
Th2-type of immune response, includingallergy. The
modified oligonucleotide analogs of the invention are
therefore useful by themselves to treat a subject
having asthma because the analogs can skew the immune
response toward a Th1-type of immune response.
Alternatively or in addition, the modified
oligonucleotide analogs of the invention can be used
in combination with an allergen to treat a subject
having asthma. The immunostimulatory composition of
the invention may also be administered in conjunction
with an asthma therapy. Conventional methods for
treating or preventing asthma have involved the use of
anti-allergy therapies (described above) and a number
of other agents, including inhaled agents. Medications
for the treatment of asthma are generally separated
into two categories, quick-relief medications and
long-term control medications. Asthma patients take
the long-term control medications on a daily basis to
achieve and maintain control of persistent asthma.
Long-term control medications include
anti-inflammatory agents such as corticosteroids,
chromolyn sodium and nedocromil; long-acting
bronchodilators, such as long-acting b2-agonists and
methylxanthines; and leukotriene modifiers. The
quick-relief medications include short-acting b2
agonists, anti cholinergics, and systemic
corticosteroids. There are many side effects
associated with each of these drugs and none of the
drugs alone or in combination is capable of preventing
or completely treating asthma. Asthma medicaments
include, but are not limited, PDE-4 inhibitors,
bronchodilator/beta-2 agonists, K+ channel openers,
VLA-4 antagonists, neurokin antagonists, thromboxane
A2 (TXA2) synthesis inhibitors, xanthines, arachidonic
acid antagonists, 5 lipoxygenase inhibitors, TXA2
receptor antagonists, TXA2 antagonists, inhibitor of
5-lipox activation proteins, and protease inhibitors.
Bronchodilator/D 2 agonists are a class of compounds
which cause bronchodilation or smooth muscle
relaxation. Bronchodilator/D 2 agonists include, but
are not limited to, salmeterol, salbutamol, albuterol,
terbutaline, D2522/formoterol, fenoterol, bitolterol,
pirbuerol methylxanthines and orciprenaline.
Long-acting b2 agonists and bronchodilators are
compounds which are used for long-term prevention of
symptoms in addition to the anti-inflammatory
therapies. Long-acting b2 agonists include, but are
not limited to, salmeterol and albuterol. These
compounds are usually used in combination with
corticosteroids and generally are not used without any
inflammatory therapy. They have been associated with
side effects such as tachycardia, skeletal muscle
tremor, hypokalemia, and prolongation of QTc interval
in overdose.Methylxanthines, including for instance
theophylline, have been used for longterm control and
prevention of symptoms. These compounds cause
bronchodilation resulting from phosphodiesterase
inhibition and likely adenosine antagonism.
Doserelated acute toxicities are a particular problem
with these types of compounds. As a result, routine
serum concentration must be monitored in order to
account for the toxicity and narrow therapeutic range
arising from individual differences in metabolic
clearance. Side effects include tachycardia,
tachyarrhythmias, nausea and vomiting, central nervous
system stimulation, headache, seizures, hematemesis,
hyperglycemia and hypokalemia. Short-acting b2
agonists include, but are not limited to, albuterol,
bitolterol, pirbuterol, and terbutaline. Some of the
adverse effects associated with the administration of
short-acting b2 agonists include tachycardia, skeletal
muscle tremor, hypokalemia, increased lactic acid,
headache, and hyperglycemia. Chromolyn sodium and
nedocromil are used as long-term control medications
for preventing primarily asthma symptoms arising from
exercise or allergic symptoms arising from allergens.
These compounds are believed to block early and late
reactions to allergens by interfering with chloride
channel function. They also stabilize mast cell
membranes and inhibit activation and release of
mediators from inosineophils and epithelial cells. A
four to six week period of administration is generally
required to achieve a maximum benefit.
Anticholinergics are generally used for the relief of
acute bronchospasm. These compounds are believed to
function by competitive inhibition of muscarinic
cholinergic receptors. Anticholinergics include, but
are not limited to, ipratropium bromide. These
compounds reverse only cholinerigically-mediated
bronchospasm and do not modify any reaction to
antigen. Side effects include drying of the mouth and
respiratory secretions, increased wheezing in some
individuals, and blurred vision if sprayed in the
eyes. The modified A-class oligonucleotides of the
invention may also be useful for treating airway
remodeling. Airway remodeling results from smooth
muscle cell proliferation and/or submucosal thickening
in the airways, and ultimately causes narrowing of the
airways leading to restricted airflow. The modified
A-class oligonucleotides of the invention may prevent
further remodeling and possibly even reduce tissue
build-up resulting from the remodeling process. In one
aspect the invention provides a method of treating a
subject having an immune system deficiency. The method
according to this aspect of the invention includes the
step of administering to the subject an effective
amount of a composition ofthe invention to treat the
subject. An "immune system deficiency" as used herein
refers to a disease or disorder in which the subject's
immune system is not functioning in normal capacity or
in which it would be useful to boost the subject's
immune response, for example to eliminate a tumor or
cancer or an infection in the subject. Subjects having
an immune deficiency include subjects having an
acquired immune deficiency as well as subjects having
a congenital immune system deficiency. Subjects having
acquired immune deficiency include, without
limitation, subjects having a chronic inflammatory
condition, subjects having chronic renal insufficiency
or renal failure, subjects having infection, subjects
having cancer, subjects receiving immunosuppressive
drugs, subjects receiving other immunosuppressive
treatment, and subjects with malnutrition. In one
embodiment the subject has a suppressed CD4+ Tcell
population. In one embodiment the subject has an
infection with human immunodeficiency virus (HIV) or
has acquired immunodeficiency syndrome (AIDS). The
method according to this aspect of the invention thus
provides a method for boosting an immune response or
boosting the ability to mount an immune response in a
subject in need of a more vigorous immune response.
The compositions of the invention may also be
administered with non-nucleic acid adjuvants. A
non-nucleic acid adjuvant is any molecule or compound
except for the modified A-class oligonucleotides
described herein which can stimulate the humoral
and/or cellular immune response. Non-nucleic acid
adjuvants include, for instance, adjuvants that create
a depo effect, immune stimulating adjuvants, and
adjuvants that create a depo effect and stimulate the
immune system. The modified A-class oligonucleotides
are also useful as mucosal adjuvants. It has
previously been discovered that both systemic and
mucosal immunity are induced by mucosal delivery of
CpG oligonucleotides. Thus, the oligonucleotides may
be administered in combination with other mucosal
adjuvants. Immune responses can also be induced or
augmented by the co-administration or co-linear
expression of cytokines (Bueler & Mulligan, 1996; Chow
et al., 1997; Geissler et a/., 1997; Iwasaki et
a/.,1997; Kim et a/., 1997) or co-stimulatory
molecules such as B7 (Iwasaki et a/., 1997; Tsuji et
a/., 1997) with the modified A-class oligonucleotides.
The term cytokine is used as a generic name for a
diverse group of soluble proteins and peptides which
act as humoral regulators at nano- to picomolar
concentrations and which, either under normal or
pathological conditions, modulate the functional
activities of individual cells and tissues. These
proteins also mediate interactions between cells
directly and regulate processes taking place in
theextracellular environment. Examples of cytokines
include, but are not limited to IP-10, IL-1 , IL-2,
IL-4, IL-5, IL-6, IL-7, IL-10, IL-12, IL-15, IL-18,
granulocyte-macrophage colony stimulating factor
(GM-CSF), granulocyte colony stimulating factor
(G-CSF), interferon^ (IFN-g ) , IFN-a, tumor necrosis
factor (TNF), TGF- b, FLT-3 ligand, and 



CD40 ligand. In addition to cytokines the CpG
oligonucleotides may be used in combination with
antibodies against certain cytokines, such as
anti-IL-10 and anti-TGF- b, as well as Cox inhibitors,
i.e. COX-1 and COX-2 inhibitors. The modified A-class
oligonucleotides of the invention are also useful for
improving survival, differentiation, activation and
maturation of dendritic cells. The immunostimulatory
oligonucleotides have the unique capability to promote
cell survival, differentiation, activation and
maturation of dendritic cells. Modified A-class
oligonucleotides of the invention also increase
natural killer cell lytic activity and
antibody-dependent cellular cytotoxicity (ADCC). ADCC
can be performed using a modified A-class
oligonucleotide in combination with an antibody
specific for a cellular target, such as a cancer cell.
When the modified A-class oligonucleotide is
administered to a subject in conjunction with the
antibody, the subject's immune system is induced to
kill the tumor cell. The antibodies useful in the ADCC
procedure include antibodies which interact with a
cell in the body. Many such antibodies specific for
cellular targets have been described in the art and
many are commercially available. In one embodiment the
antibody is an IgG antibody. In certain aspects the
invention provides a method for enhancing epitope
spreading. "Epitope spreading" as used herein refers
to the diversification of epitope specificity from an
initial focused, dominant epitope-specific immune
response, directed against a self or foreign protein,
to subdominant and/or cryptic epitopes on that protein
(intramolecular spreading) or other proteins
(intermolecular spreading). Epitope spreading results
in multiple epitope-specific immune responses. The
immune response consists of an initial magnification
phase, which can either be deleterious, as in
autoimmune disease, or beneficial, as in vaccinations,
and a later down-regulatory phase to return the immune
system to homeostasis and generate memory. Epitope
spreading may be an important component of both
phases. The enhancement of epitope spreading in the
setting of a tumor allows the subject's immune system
to determine additional target epitopes, not initially
recognized by the immune system in response to an
original therapeutic protocol, while reducing the
possibility of escape variants in the tumor population
and thus affect progression of disease.The
oligonucleotides of the invention may be useful for
promoting epitope spreading in therapeutically
beneficial indications such as cancer, viral and
bacterial infections, and allergy. The method in one
embodiment includes the steps of administering a
vaccine that includes an antigen and an adjuvant to a
subject and subsequently administering to the subject
at least two doses of a modified A-class
oligonucleotide of the invention in an amount
effective to induce multiple epitopespecific immune
responses. The method in one embodiment includes the
steps of administering a vaccine that includes a tumor
antigen and an adjuvant to a subject and subsequently
administering to the subject at least two doses of a
modified A-class oligonucleotide of the invention in
an amount effective to induce multiple epitopespecific
immune responses. The method in one embodiment
involves applying a therapeutic protocol which results
in immune system antigen exposure in a subject,
followed by at least two administrations of an
immunostimulatory oligonucleotide of the invention, to
induce multiple epitope-specific immune responses,
i.e., to promote epitope spreading. In various
embodiments the therapeutic protocol is surgery,
radiation, chemotherapy, other cancer medicaments, a
vaccine, or a cancer vaccine. The therapeutic protocol
may be implemented in conjunction with an
immunostimulant, in addition to the subsequent
immunostimulant therapy. For instance, when the
therapeutic protocol is a vaccine, it may be
administered in conjunction with an adjuvant. The
combination of the vaccine and the adjuvant may be a
mixture or separate administrations, i.e., injections
(i.e., same drainage field). Administration is not
necessarily simultaneous. If non-simultaneous
injection is used, the timing may involve
pre-injection of the adjuvant followed by the vaccine
formulation. After the therapeutic protocol is
implemented, immunostimulant monotherapy begins. The
optimized frequency, duration, and site of
administration will depend on the target and other
factors, but may for example be a monthly to
bi-monthly administration for a period of six months
to two years. Alternatively the administration may be
on a daily, weekly, or biweekly basis, or the
administration may be multiple times during a day,
week or month. In some instances, the duration of
administration may depend on the length of therapy,
e.g., it may end after one week, one month, after one
year, or after multiple years. In other instances the
monotherapy may be continuous as with an intravenous
drip. The immunostimulant may be administered to a
drainage field common to the target. For use in
therapy, different doses may be necessary for
treatment of a subject, depending on activity of the
compound, manner of administration, purpose of
theimmunization (i.e., prophylactic or therapeutic),
nature and severity of the disorder, age and body
weight of the subject. The administration of a given
dose can be carried out both by single administration
in the form of an individual dose unit or else several
smaller dose units. Multiple administration of doses
at specific intervals of weeks or months apart is
usual for boosting antigen-specific immune responses.
Combined with the teachings provided herein, by
choosing among the various active compounds and
weighing factors such as potency, relative
bioavailability, patient body weight, severity of
adverse side-effects and preferred mode of
administration, an effective prophylactic or
therapeutic treatment regimen can be planned which
does not cause substantial toxicity and yet is
entirely effective to treat the particular subject.
The effective amount for any particular application
can vary depending on such factors as the disease or
condition being treated, the particular therapeutic
agent being administered, the size of the subject, or
the severity of the disease or condition. One of
ordinary skill in the art can empirically determine
the effective amount of a particular nucleic acid
and/or other therapeutic agent without necessitating
undue experimentation. Subject doses of the compounds
described herein typically range from about 0.1 mg to
10,000 mg, more typically from about 1 mg/day to 8000
mg, and most typically from about 10 mg to 100 mg.
Stated in terms of subject body weight, typical
dosages range from about 0.1 mg to 20 mg/kg/day, more
typically from about 1 to 10 mg/kg/day, and most
typically from about 1 to 5 mg/kg/day. The
pharmaceutical compositions containing nucleic acids
and/or other compounds can be administered by any
suitable route for administering medications. A
variety of administration routes are available. The
particular mode selected will depend, of course, upon
the particular agent or agents selected, the
particular condition being treated, and the dosage
required for therapeutic efficacy. The methods of this
invention, generally speaking, may be practiced using
any mode of administration that is medically
acceptable, meaning any mode that produces effective
levels of an immune response without causing
clinically unacceptable adverse effects. Preferred
modes of administration are discussed herein. For use
in therapy, an effective amount of the nucleic acid
and/or other therapeutic agent can be administered to
a subject by any mode that delivers the agent to the
desired surface, e.g., mucosal, systemic.
Administering the pharmaceutical composition of the
present invention may be accomplished by any means
known to the skilled artisan. Routes of administration
include but are not limited to oral, parenteral,
intravenous, intramuscular,intraperitoneal,
intranasal, sublingual, intratracheal, inhalation,
subcutaneous, ocular, vaginal, and rectal. For the
treatment or prevention of asthma or allergy, such
compounds are preferably inhaled, ingested or
administered by systemic routes. Systemic routes
include oral and parenteral. Inhaled medications are
preferred in some embodiments because of the direct
delivery to the lung, the site of inflammation,
primarily in asthmatic patients. Several types of
devices are regularly used for administration by
inhalation. These types of devices include metered
dose inhalers (MDI), breath-actuated MDI, dry powder
inhaler (DPI), spacer/holding chambers in combination
with MDI, and nebulizers. The therapeutic agents of
the invention may be delivered to a particular tissue,
cell type, or to the immune system, or both, with the
aid of a vector. In its broadest 



sense, a "vector" is any vehicle capable of
facilitating the transfer of the compositions to the
target cells. The vector generally transports the
immunostimulatory nucleic acid, antibody, antigen,
and/or disorder-specific medicament to the target
cells with reduced degradation relative to the extent
of degradation that would result in the absence of the
vector. In general, the vectors useful in the
invention are divided into two classes: biological
vectors and chemical/physical vectors. Biological
vectors and chemical/physical vectors are useful in
the delivery and/or uptake of therapeutic agents of
the invention. Most biological vectors are used for
delivery of nucleic acids and this would be most
appropriate in the delivery of therapeutic agents that
are or that include immunostimulatory nucleic acids.
In addition to the biological vectors discussed
herein, chemical/physical vectors may be used to
deliver therapeutic agents including immunostimulatory
nucleic acids, antibodies, antigens, and
disorder-specific medicaments. As used herein, a
"chemical/physical vector" refers to a natural or
synthetic molecule, other than those derived from
bacteriological or viral sources, capable of
delivering the nucleic acid and/or other medicament. A
preferred chemical/physical vector of the invention is
a colloidal dispersion system. Colloidal dispersion
systems include lipid-based systems including
oil-in-water emulsions, micelles, mixed micelles, and
liposomes. A preferred colloidal system of the
invention is a liposome. Liposomes are artificial
membrane vessels which are useful as a delivery vector
in vivo or in vitro. It has been shown that large
unilamellar vesicles (LUVs), which range in size from
0.2 - 4.0 mm can encapsulate large macromolecules.RNA,
DNA and intact virions can be encapsulated within the
aqueous interior and be delivered to cells in a
biologically active form. Fraley et al. (1981) Trends
Biochem Sci 6:77. Liposomes may be targeted to a
particular tissue by coupling the liposome to a
specific ligand such as a monoclonal antibody, sugar,
glycolipid, or protein. Ligands which may be useful
for targeting a liposome to an immune cell include,
but are not limited to: intact or fragments of
molecules which interact with immune cell specific
receptors and molecules, such as antibodies, which
interact with the cell surface markers of immune
cells. Such ligands may easily be identified by
binding assays well known to those of skill in the
art. In still other embodiments, the liposome may be
targeted to the cancer by coupling it to a one of the
immunotherapeutic antibodies discussed earlier.
Additionally, the vector may be coupled to a nuclear
targeting peptide, which will direct the vector to the
nucleus of the host cell. Lipid formulations for
transfection are commercially available from QIAGEN,
for example, as EFFECTENE(tm) (a non-liposomal lipid
with a special DNA condensing enhancer) and
SUPERFECT(tm) (a novel acting dendrimeric technology).
Liposomes are commercially available from Gibco BRL,
for example, as LIPOFECTIN(tm) and LIPOFECTACE(tm),
which are formed of cationic lipids such as N-[1- (2,
3 dioleyloxy)-propyl]-N, N, N-trimethylammonium
chloride (DOTMA) and dimethyl dioctadecylammonium
bromide (DDAB). Methods for making liposomes are well
known in the art and have been described in many
publications. Liposomes also have been reviewed by
Gregoriadis G (1985) Trends Biotechnol 3:235-241 .
Certain cationic lipids, including in particular
N-[1-(2, 3 dioleoyloxy)-propyl]-
N,N,N-trimethylammonium methyl-sulfate (DOTAP) appear
to be especially advantageous when combined with the
modified oligonucleotide analogs of the invention. In
one embodiment, the vehicle is a biocompatible
microparticle or implant that is suitable for
implantation or administration to the mammalian
recipient. Exemplary bioerodible implants that are
useful in accordance with this method are described in
PCT International application no. PCT/US/03307
(Publication No. WO95/24929, entitled "Polymeric Gene
Delivery System". PCT/US/0307 describes a
biocompatible, preferably biodegradable polymeric
matrix for containing an exogenous gene under the
control of an appropriate promoter. The polymeric
matrix can be used to achieve sustained release of the
therapeutic agent in the subject.The polymeric matrix
preferably is in the form of a microparticle such as a
microsphere (wherein the nucleic acid and/or the other
therapeutic agent is dispersed throughout a solid
polymeric matrix) or a microcapsule (wherein the
nucleic acid and/or the other therapeutic agent is
stored in the core of a polymeric shell). Other forms
of the polymeric matrix for containing the therapeutic
agent include films, coatings, gels, implants, and
stents. The size and composition of the polymeric
matrix device is selected to result in favorable
release kinetics in the tissue into which the matrix
is introduced. The size of the polymeric matrix
further is selected according to the method of
delivery which is to be used, typically injection into
a tissue or administration of a suspension by aerosol
into the nasal and/or pulmonary areas. Preferably when
an aerosol route is used the polymeric matrix and the
nucleic acid and/or the other therapeutic agent are
encompassed in a surfactant vehicle. The polymeric
matrix composition can be selected to have both
favorable degradation rates and also to be formed of a
material which is bioadhesive, to further increase the
effectiveness of transfer when the matrix is
administered to a nasal and/or pulmonary surface that
has sustained an injury. The matrix composition also
can be selected not to degrade, but rather, to release
by diffusion over an extended period of time. In some
preferred embodiments, the nucleic acid are
administered to the subject via an implant while the
other therapeutic agent is administered acutely.
Biocompatible microspheres that are suitable for
delivery, such as oral or mucosal delivery, are
disclosed in Chickering et al. (1996) Biotech Bioeng
52:96-101 and Mathiowitz E et al. (1997) Nature
386:410-414 and PCT Pat. Application WO97/03702. Both
non-biodegradable and biodegradable polymeric matrices
can be used to deliver the nucleic acid and/or the
other therapeutic agent to the subject. Biodegradable
matrices are preferred. Such polymers may be natural
or synthetic polymers. The polymer is selected based
on the period of time over which release is desired,
generally in the order of a few hours to a year or
longer. Typically, release over a period ranging from
between a few hours and three to twelve months is most
desirable, particularly for the nucleic acid agents.
The polymer optionally is in the form of a hydrogel
that can absorb up to about 90% of its weight in water
and further, optionally is cross-linked with
multi-valent ions or other polymers. Bioadhesive
polymers of particular interest include bioerodible
hydrogels described by H.S. Sawhney, CP. Pathak and
J.A. Hubell in Macromolecules, (1993) 26:581-587, the
teachings of which are incorporated herein. These
include polyhyaluronic acids, casein, gelatin, glutin,
polyanhydrides, polyacrylic acid, alginate,chitosan,
poly(methyl methacrylates), poly(ethyl methacrylates),
poly(butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate),
poly(lauryl methacrylate), poly(phenyl methacrylate),
poly(methyl acrylate), poly(isopropyl acrylate),
poly(isobutyl acrylate), and poly(octadecyl acrylate).
If the therapeutic agent is a nucleic acid, the use of
compaction agents may also be desirable. Compaction
agents also can be used alone, or in combination with,
a biological or chemical/physical vector. A
"compaction agent", as used herein, refers to an
agent, such as a histone, that neutralizes the
negative charges on the nucleic acid and thereby
permits compaction of the nucleic acid into a fine
granule. Compaction of the nucleic acid facilitates
the uptake of the nucleic acid by the target cell. The
compaction agents can be used alone, i.e., to deliver
a nucleic acid in a form that is more efficiently
taken up by the cell or, more preferably, in
combination with one or more of the above-described
vectors. Other exemplary compositions that can be used
to facilitate uptake of a nucleic acid include calcium
phosphate and other chemical mediators of
intracellular transport, microinjection compositions,
electroporation and homologous recombination
compositions (e.g., for integrating a nucleic acid
into a preselected location within the 



target cell chromosome). The compounds may be
administered alone (e.g., in saline or buffer) or
using any delivery vehicle known in the art. For
instance the following delivery vehicles have been
described: cochleates (Gould-Fogerite et al., 1994,
1996); Emulsomes (Vancott et al., 1998, Lowell et al.,
1997); ISCOMs (Mowat et al., 1993, Carisson et al.,
1991 , Hu et, 1998, Morein et al., 1999); liposomes
(Childers et al., 1999, Michalek et al., 1989, 1992,
de Haan 1995a, 1995b); live bacterial vectors (e.g.,
Salmonella, Escherichia coli, Bacillus
Calmette-Guerin, Shigella, Lactobacillus) (Hone et
al., 1996, Pouwels et al., 1998, Chatfield et al.,
1993, Stover et al., 1991 , Nugent et al., 1998); live
viral vectors (e.g., Vaccinia, adenovirus, Herpes
Simplex) (Gallichan et al., 1993, 1995, Moss et al.,
1996, Nugent et al., 1998, Flexner et al., 1988,
Morrow et al., 1999); microspheres (Gupta et al.,
1998, Jones et al., 1996, Maloy et al., 1994, Moore et
al., 1995, O'Hagan et al., 1994, Eldridge et al.,
1989); nucleic acid vaccines (Fynan et al., 1993,
Kuklin et al., 1997, Sasaki et al., 1998, Okada et
al., 1997, lshii et al., 1997); polymers (e.g.
carboxymethylcellulose, chitosan) (Hamajima et al.,
1998, Jabbal-Gill et al., 1998); polymer rings (Wyatt
et al., 1998); proteosomes (Vancott et al., 1998,
Lowell et al., 1988, 1996, 1997); sodium fluoride
(Hashi et al., 1998); transgenic plants (Tacket et
al.,1998, Mason et al., 1998, Haq et al., 1995);
virosomes (Gluck et al., 1992, Mengiardi et al., 1995,
Cryz et al., 1998); and, virus-like particles (Jiang
et al., 1999, Leibl et al., 1998). The formulations of
the invention are administered in pharmaceutically
acceptable solutions, which may routinely contain
pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carriers,
adjuvants, and optionally other therapeutic
ingredients. The term pharmaceutically-acceptable
carrier means one or more compatible solid or liquid
filler, diluents or encapsulating substances which are
suitable for administration to a human or other
vertebrate animal. The term carrier denotes an organic
or inorganic ingredient, natural or synthetic, with
which the active ingredient is combined to facilitate
the application. The components of the pharmaceutical
compositions also are capable of being commingled with
the compounds of the present invention, and with each
other, in a manner such that there is no interaction
which would substantially impair the desired
pharmaceutical efficiency. For oral administration,
the compounds (i.e., nucleic acids, antigens,
antibodies, and other therapeutic agents) can be
formulated readily by combining the active compound(s)
with pharmaceutically acceptable carriers well known
in the art. Such carriers enable the compounds of the
invention to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions
and the like, for oral ingestion by a subject to be
treated. Pharmaceutical preparations for oral use can
be obtained as solid excipient, optionally grinding a
resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars,
including lactose, sucrose, mannitol, or sorbitol;
cellulose preparations such as, for example, maize
starch, wheat starch, rice starch, potato starch,
gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone
(PVP). If desired, disintegrating agents may be added,
such as the cross-linked polyvinyl pyrrolidone, agar,
or alginic acid or a salt thereof such as sodium
alginate. Optionally the oral formulations may also be
formulated in saline or buffers for neutralizing
internal acid conditions or may be administered
without any carriers. Dragee cores are provided with
suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally
contain gum arabic, talc, polyvinyl pyrrolidone,
carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs orpigments may
be added to the tablets or dragee coatings for
identification or to characterize different
combinations of active compound doses. Pharmaceutical
preparations which can be used orally include push-fit
capsules made of gelatin, as well as soft, sealed
capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules can
contain the active ingredients in admixture with
filler such as lactose, binders such as starches,
and/or lubricants such as talc or magnesium stearate
and, optionally, stabilizers. In soft capsules, the
active compounds may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin,
or liquid polyethylene glycols. In addition,
stabilizers may be added. Microspheres formulated for
oral administration may also be used. Such
microspheres have been well defined in the art. All
formulations for oral administration should be in
dosages suitable for such administration. For buccal
administration, the compositions may take the form of
tablets or lozenges formulated in conventional manner.
For administration by inhalation, the compounds for
use according to the present invention may be
conveniently delivered in the form of an aerosol spray
presentation from pressurized packs or a nebulizer,
with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, 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. Capsules and cartridges of
e.g. gelatin for use in an inhaler or insufflator may
be formulated containing a powder mix of the compound
and a suitable powder base such as lactose or starch.
The compounds, when it is desirable to deliver them
systemically, may be formulated for parenteral
administration by injection, e.g., by bolus injection
or continuous infusion. Formulations for injection may
be presented in unit dosage form, e.g., in ampoules or
in multi-dose containers, with an added preservative.
The compositions may take such forms as suspensions,
solutions or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Pharmaceutical
formulations for parenteral administration include
aqueous solutions of the active compounds in
water-soluble form. Additionally, suspensions of the
active compounds may be prepared as appropriate oily
injection suspensions. Suitable lipophilic solvents or
vehicles include fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or
triglycerides, or liposomes. Aqueous
injectionsuspensions may contain substances which
increase the viscosity of the suspension, such as
sodium carboxymethyl cellulose, sorbitol, or dextran.
Optionally, the suspension may also contain suitable
stabilizers or agents which increase the solubility of
the compounds to allow for the preparation of highly
concentrated solutions. Alternatively, the active
compounds may be in powder form for constitution with
a suitable vehicle, e.g., sterile pyrogen-free water,
before use. The compounds may also be formulated in
rectal or vaginal compositions such as suppositories
or retention enemas, e.g., containing conventional
suppository bases such as cocoa butter or other
glycerides. In addition to the formulations described
previously, the compounds may also be formulated as a
depot preparation. Such long-acting formulations may
be formulated with suitable polymeric or hydrophobic
materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble
derivatives, for example, as a sparingly soluble salt.
The pharmaceutical compositions also may comprise
suitable solid or gel phase carriers or excipients.
Examples of such carriers or excipients include but
are not limited to calcium carbonate, calcium
phosphate, various sugars, starches, cellulose
derivatives, gelatin, and polymers such as
polyethylene glycols. Suitable liquid or solid
pharmaceutical preparation forms are, for example,
aqueous or saline solutions for inhalation,
microencapsulated, encochleated, coated onto
microscopic gold particles, contained in liposomes,
nebulized, aerosols, pellets for implantation into the
skin, or dried onto a sharp object to be scratched
into the skin. The pharmaceutical compositions also
include granules, powders, tablets, coated tablets,
(micro)capsules, suppositories, syrups, emulsions,
suspensions, creams, drops 



or preparations with protracted release of active
compounds, in whose preparation excipients and
additives and/or auxiliaries such as disintegrants,
binders, coating agents, swelling agents, lubricants,
flavorings, sweeteners or solubilizers are customarily
used as described above. The pharmaceutical
compositions are suitable for use in a variety of drug
delivery systems. For a brief review of methods for
drug delivery, see Langer R (1990) Science
249:1527-1533, which is incorporated herein by
reference. The nucleic acids and optionally other
therapeutics and/or antigens may be administered per
se (neat) or in the form of a pharmaceutically
acceptable salt. When used in medicine the salts
should be pharmaceutically acceptable, but
nonpharmaceutically acceptable salts may conveniently
be used to preparepharmaceutically acceptable salts
thereof. Such salts include, but are not limited to,
those prepared from the following acids: hydrochloric,
hydrobromic, sulphuric, nitric, phosphoric, maleic,
acetic, salicylic, p-toluene sulphonic, tartaric,
citric, methane sulphonic, formic, malonic, succinic,
naphthalene-2-sulphonic, and benzene sulphonic. Also,
such salts can be prepared as alkaline metal or
alkaline earth salts, such as sodium, potassium or
calcium salts of the carboxylic acid group. Suitable
buffering agents include: acetic acid and a salt (1-2%
w/v); citric acid and a salt (1-3% w/v); boric acid
and a salt (0.5-2.5% w/v); and phosphoric acid and a
salt (0.8-2% w/v). Suitable preservatives include
benzalkonium chloride (0.003-0.03% w/v); chlorobutanol
(0.3-0.9% w/v); parabens (0.01-0.25% w/v) and
thimerosal (0.004- 0.02% w/v). The compositions may
conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the
art of pharmacy. All methods include the step of
bringing the compounds into association with a carrier
which constitutes one or more accessory ingredients.
In general, the compositions are prepared by uniformly
and intimately bringing the compounds into association
with a liquid carrier, a finely divided solid carrier,
or both, and then, if necessary, shaping the product.
Liquid dose units are vials or ampoules. Solid dose
units are tablets, capsules and suppositories. Other
delivery systems can include time-release, delayed
release or sustained release delivery systems. Such
systems can avoid repeated administrations of the
compounds, increasing convenience to the subject and
the physician. Many types of release delivery systems
are available and known to those of ordinary skill in
the art. They include polymer base systems such as
poly(lactide-glycolide), copolyoxalates,
polycaprolactones, polyesteramides, polyorthoesters,
polyhydroxybutyric acid, and polyanhydrides.
Microcapsules of the foregoing polymers containing
drugs are described in, for example, U.S. Pat. No.
5,075,109. Delivery systems also include non-polymer
systems that are: lipids including sterols such as
cholesterol, cholesterol esters and fatty acids or
neutral fats such as mono-, di-, and tri-glycerides;
hydrogel release systems; silastic systems;
peptide-based systems; wax coatings; compressed
tablets using conventional binders and excipients;
partially fused implants; and the like. Specific
examples include, but are not limited to: (a)
erosional systems in which an agent of the invention
is contained in a form within a matrix such as those
described in U.S. Pat. Nos. 4,452,775, 4,675,189, and
5,736,152, and (b) diffusional systems in which an
active component permeates at a controlled rate from a
polymer such asdescribed in U.S. Pat. Nos. 3,854,480,
5,133,974 and 5,407,686. In addition, pump-based
hardware delivery systems can be used, some of which
are adapted for implantation. The present invention is
further illustrated by the following Examples, which
in no way should be construed as further limiting. The
entire contents of all of the references (including
literature references, issued patents, published
patent applications, and co-pending patent
applications) cited throughout this application are
hereby expressly incorporated by reference. EXAMPLES
Example 1 Derivitization of A Class ODN SEQ ID NO:2
results in ODN with increased ability to induce IFN-a
in vitro The G-rich mixed backbone oligonucleotide SEQ
ID NO:2 has been demonstrated to be very effective in
inducing IFN-a secretion, and thus could be used to
treat those human diseases in which a strong IFN-a
response would be beneficial, such as cancer and
infectious diseases. However, development of this
oligonucleotide has been hampered by certain issues
connected with the biophysical properties of this
class of compound, such as tendency to aggregation,
poor solubility, difficulties in quality control and
solid phase extraction (SPE) used in PK studies. SEQ
ID NO:2 is characterized by its very efficient
induction of IFN-a secretion, but low B cell
stimulation. As such it is classified as an A-class
oligonucleotide. SEQ ID NO:2 consists of a palindromic
phosphodiester CpG sequence (ACG ACG TCG T) clamped by
phosphorothioate (G)n stretches. SEQ ID NO:2 5'-
G*G*G-G-A-C-G-A-C-G-T-C-G-T-G-G *G*G*G*G*G (* is
phosphorothioate, - is phosphodiester) In an attempt
to discover new oligonucleotides having the potency of
SEQ ID NO:2 but with more favorable biophysical
properties compared to this G-rich ODN, a series of
oligonucleotides with reduced G content and a reduced
number of phosphorothioate linkages was designed and
tested.ODN with a 5'-TCG motif are usually recognized
by TLR9. Therefore, the 10 nucleotide ACG ACG TCG T
palindrome of SEQ ID NO:2 was converted into the 8
nucleotide palindrome TCG ACG TCG T (see SEQ ID NO:3,
table 2). To test this shortened ODN, human peripheral
blood mononuclear cells (PBMCs) were isolated from
healthy donors, plated, and stimulated in vitro with
various test and control immunostimulatory agents for
48 hours. After 48 hours, the supernatants were
collected and then analyzed by ELISA assay.
Surprisingly, the shortened palindrome sequence
present in ODN SEQ ID NO:3 gave a much higher IFN-a
induction as compared to a sequence containing the
entire 10 nucleotides palindrome of SEQ ID NO:2. The
induction of IFN-a secretion by the SEQ ID NO:3 (15
nucleotides in length) was equal to (Figures 1a-1c) or
better than that of SEQ ID NO:2 (21 nucleotides in
length) (Figure 1d). SEQ ID NO:2 and 3 were also
better at inducing IFN-a than Bclass (SEQ ID NO:4) and
double palindromic C or P class (SEQ ID NO:1 , 68,
69). Figure 1e shows the ability of SEQ ID NO:3 to
stimulate TLR9. Stably transfected HEK293 cells
expressing the human TLR9 or murine TLR9 were
described before. Briefly, HEK293 cells were
transfected by electroporation with vectors expressing
the respective TLR and a 6x NF-kB-luciferase reporter
plasmid. Stable transfectants (3x1 04 cells/well) were
incubated with ODN for 16h at 37C in a humidified
incubator. Each data point was done in triplicate.
Cells were lysed and assayed for luciferase gene
activity (using the BriteLite kit from Perkin-Elmer,
Zaventem, Belgium). Stimulation indices were
calculated in reference to reporter gene activity of
medium without addition of ODN. EC50 values were
calculated using the Sigma Plot program (SSPS Inc.)
using sigmoidal regression curves (4 parameters).
Again, SEQ ID NO:3 stimulated TLR9 activity to a
greater degree than the ODN with the longer
palindrome, SEQ ID NO:2. A number of derivatives of
SEQ ID NO:2 were made and tested for their ability to
induce IFN-a and IL-10. In addition to SEQ ID NO:3,
also tested were one semi-soft ODN (SEQ ID NO:32) and
its fully phosphorothioate counterpart (SEQ ID NO:33),
an ODN containing the full palindrome of SEQ ID NO:2
(SEQ ID NO:34) and two ODN containing a defect in the
palindrome sequence (SEQ ID NO: 35-36), and three ODN
with the G5 sequence interrupted (SEQ ID NO:38) or
reduced to G4 (SEQ ID NO:37 and 39) (see Table 2). As
shown in Figure 2a, the semi-soft oligonucleotide with
the sequence similar to SEQ ID NO:3, SEQ ID NO:32,
resulted in the greatest IFN-a stimulation. Even with
the full palindromic sequence of SEQ ID NO:2, SEQ ID
NO:34 was less active than SEQ ID NO:2. A G4 sequence
alone was not sufficient for activity,as SEQ ID NO:37
was not active but SEQ ID NO:39 was. As shown in
Figure 2b, none of the ODN were capable of inducing
significant IL-10 except for SEQ ID NO:32 and, 



surprisingly, SEQ ID NO:39 which showed a very strong
IL-10 induction. A number of oligonucleotides were
designed based on the data shown in Figure 2 (SEQ ID
NO:7-31 ). Of these, SEQ ID NO:13 showed the strongest
ability to induce both IFN-a (Figures 3a-3c) and IP-10
(Figures 3d-3f). Table 2 SEQ ID SEQ ID NO:2 Derivative
IFN-a Number induction 2 G*G*G G A C G A C G T C G T G
G*G*G*G*G*G ++++ 3 T*C__G__A__C__G__T_
C__G__T_G__G*G*G*G 7 T*C__G__T_ C__G_
A_C_G__T_G_.G*G*G* +++++ 8 T*C__G__C__C__G._G._C _G- T
-_G._G *G*G*G +++ 9 T*C__G__G._C__G _C _C _G_t _G._G
"G*G*G +++ 10 T*C G A C G T C G A C G T C G T G
G*G*G*G ++++ 11 T*C G A C G T C G T T G G*G*G*G ++++
12 G*T*C_G_A_C_G_T_C_G_t_G_G*G*G*G ++++ 13 GT C G A C
G T C G T T G G*G*G*G +++++ 14 T*C G T C G A C G T T G
G*G*G*G ++++ 15 T*C__G__A_ C_.G__T_ c_G__t_G_G*G*I*G +
16 T*C__G__A_ C__G__T__c_ G_t_G_j *r1*1 - 17 T*C G A C
G T C G T G G G*G*G (PS->PO) ++++ 18 T*C__G__A_
C__G__t__c_G*T + 19 A*C*G*A*C*G*T*T*T*T*G*T
*C*G*T*T*T*T *G*T*C*G*T*T 0 20 A*C__G._A__C__G__T_ c
_.G T 0 2 1 A*C__G__A__C_.G-_T_ c
__G*T*T*T*T*T*T*T*T*T*T*T 0 22
A*C*G*A*C*G*T*C*G*T*T*T*T*T*T*T*T*T*T*T 0 23 G*G*G G
T*C G A C G T C G T G G*G*G*G*G*G ++++ 24 G*G G G T*C
G A C G T C G T G G*G*G*G ++++ 25 G*G*G G T C G T C G
T C G T G G*G*G*G*G*G + 26 G*G G T G G G T G G G T G G
G*T 0 27 G*G C G T G G C G T G G C G T G G C G*T 0 28
G*G C G T C G G C G T C G G C G T C G G C G 0 *T29
I*C_G_A_C_G_T_C_G_T_G_G*G*G*G ++ 30 "PC G A C G T C G
T G G G G G*T ++++ 3 1 T C G A C G T C G T D D D D T C
G A C G T C 0 G_T_D_D_D 32
T*C_G*A*C_G*T*C_G*T_G_G*G*G*G +++ 33
T*C*G*A*C*G*T*C*G*T*G*G*G*G*G 0 34
A*C_G_A_C_G_T_C_G_T_G_G*G*G*G ++ 35
T*C_G_A_C_G_A_C_G_T_G_G*G*G*G 0 36
A*C_G_T_C_G_T_C_G_T_G_G*G*G *G 0 37
T*C_G_A_C_G_T_C_G_T_C_G*G*G*G 0 38
T*C_G_A_C_G_T_C_G_T_G_G*T*G*G 0 39
T*C_G_A_C_G_T_C_G_T_G_G*G*G ++ 40
T*C_G_A_C_G_T_C_G_T_hex + 4 1 T*C_G_A_C_G_T_C_G_T_teg
- 42 T*C_G_A_C_G_T_C_G*T_Chol ++ 43
T_C_G_A_C_G_T_C_G_T_Chol +++ 44 Choi T C G A C G T C G
T Choi + Key Example 2 Lipophilic Derivitization
ofNewA-class ODN Lipophilic derivatives of SEQ ID NO:3
were derived and tested for their ability to induce
IFN-a. A schematic of the process for adding hexadecyl
glyceryl ether or triethylene glycol to the 3 end of
ODN is shown in Figure 4. Two derivatives of SEQ ID
NO:3 were synthesized with lipophilic tags in place of
the 3' poly G motif: SEQ ID NO:40, with a hexadecyl
glyceryl ether moiety, and SEQ ID NO:41 , with a
triethylene glycol moiety (see table 2). These ODN
were then tested for the ability to induce IFN-ain
vitro. As shown in Figure 5, the ODN with the
hexadecyl glyceryl ether tag showed better activity
than the ODN with the triethylene glycol tag, although
neither one induced as much IFN-a as SEQ ID NO:2. The
low activity of the teg-modified ODN (SEQ ID NO:41 )
is likely due to its low cellular uptake as compared
to G-rich (SEQ ID NO:39) ODN or lipophilic-modified
ODNs (SEQ ID NO:40 and SEQ ID NO:42). The tegmodified
ODN was chosen as a control to show that stabilization
of the ODN to 3'- exonucleases by 3'-modification
(teg, hex or chol) alone is not sufficient to obtain
good biological activity. A schematic of the process
for adding a cholesterol tag to an ODN is shown in
Figure 6. Three derivatives of SEQ ID NO:3 were
synthesized with cholesterol tags. SEQ ID NO:42 has a
cholesterol tag in place of the 3' poly G motif and
the terminal bonds of the ODN are phosphorothioate
bonds. SEQ ID NO:43 has a phosphodiester backbone and
a 3' cholesterol tag. SEQ ID NO:44 has a
phosphodiester backbone and both a 5' and a 3'
cholesterol tag. Human peripheral blood mononuclear
cells (PBMCs) were isolated from healthy donors,
plated, and stimulated in vitro with various test and
control immunostimulatory agents for 48 hours. After
48 hours, the supernatants were collected and then
analyzed by ELISA assay (Figure 7a). SEQ ID NO:43
induced levels of IFN-a comparable to that of SEQ ID
NO:3 or SEQ ID NO:6, a C-class CpG ODN. SEQ ID NO:42
induced IFN-a less well, and SEQ ID NO:44 did not
induce a significant amount of IFN-a. This process was
repeated for IFN-a (Figure 7b) and IL-10 (Figure 7c).
Neither SEQ ID NO:42 or 43 induced a significant
amount of IL-10. Example 3 In vivo cytokine induction
by modified A-class ODN SEQ ID NO:3 is dependent upon
route of administration To test the ability of SEQ ID
NO:3 to induce an immune response in vivo, Balb/c mice
were injected with SEQ ID NO:2-4 as well as SEQ ID
NO:50, another A-class ODN, and 5 1, a negative
control ODN. ODN were administered subcutaneously
(SC), intravenously (IV), or intra-peritoneally (IP)
with 500 mg of the indicated ODN or intrapulmonary
(IPuI) with 250 mg of the indicated ODN. Figures 8-10
show the resulting cytokine/chemokine stimulation of
IP-10, IL-12, and IL-6, respectively. Animals were
bled at 3 hours (solid bars) or 8 hours (hatched
bars). SEQ ID NO:3 was most effective compared to SEQ
ID NO:2 and SEQ ID NO:50 when administered by SC, IP,
and IPuI routes, except in the case of the IL-6
induction by IP and IPuI routes where all three Aclass
ODN were equally potent. SEQ ID NO:2 was superior to
the rest of the A-classODN tested, as well as the
B-class ODN SEQ ID NO:4, in promoting IP-10 induction
by IV route. Example 4 lntermolecular interaction of
ODN SEQ ID NO:3 It is known that (G)n stretches in
oligonucleotides, where n > 4 , lead to intermolecular
tetrad formation resulting in non homogeneous high
molecular aggregates. The uptake of oligonucleotides
with (G)n stretches is about 20 to 40-times higher
than of non-aggregated oligonucleotides and the
intracellular localization appears also to be
different. It is not understood how these observations
correlate with biological activity. When analyzed by
capillary gel electrophoresis (CGE) and MALDI-TOF mass
spectrometry, ODN SEQ ID NO:3 shows partial dimer
formation. UV-thermal denaturation reveals two
transitions, suggesting two different structural
species in solution. The first species melts with a Tm
of 82C and the second species melts with a Tm of 4
10C. The melting of the first species (82C) is
observed only when the ODN solution is heated but not
on cooling of the previously heated ODN solution. When
analyzed by size exclusion chromatography (SEC), SEQ
ID NO:2 shows aggregation to high molecular structures
resulting in a number of different peaks in SEC.
Surprisingly, SEQ ID NO:3 shows only peaks in the low
molecular range (likely monomer or dimer) 



although it contains the GGGGG motif which in
principal can still lead to intramolecular tetrad
formation. Taken together, ODN SEQ ID NO:3 appears to
form an intramolecular tetrad which is stabilized by
the 5'-T nucleotide, but not (or significantly less)
by the 5'- A nucleotide as present in SEQ ID NO:2. The
intramolecular structure consists of two molecules of
SEQ ID NO:3 which is stabilized by non-Watson-Crick
base-pairing. Alternative sequences may possibly be
designed which will fold into similar intramolecular
tetrad structures resulting in high IFN-a induction.
Likewise, replacement of G or T by alternative
nucleosides, which also support tetrad formation (e.g.
inosine), may also lead to active ODNs. A list of
modified A-class and other ODN is provided in Table
3.Table 3: Modified A-class and other ODN SequencesKey
EQUIVALENTS The foregoing written specification is
considered to be sufficient to enable one skilled in
the art to practice the invention. The present
invention is not to be limited in scope by examples
provided, since the examples are intended as a single
illustration of one aspect of the invention and other
functionally equivalent embodiments are within the
scope of the invention. Various modifications of the
invention in addition to those shown and described
herein will become apparent to those skilled in the
art from the foregoing description and fall within the
scope of the appended claims. The advantages and
objects of the invention are not necessarily
encompassed by each embodiment of the invention.CLAIMS
1. An immunostimulatory oligonucleotide of the formula
5'-(Z1)KXiYiRi X2Y2R2 X3Y3R3 (Z2)L(G)N(Z3)M-S' (SEQ ID
NO :70) wherein Xi is any nucleotide except dG, X2 and
X3 are any nucleotide, Yi, Y2 and Y3 are dC,
5-methyl-dC, 5-hydroxy-dC or 5-fluoro-dC, R1,R2 and R3
are dG, dl, 6-ThiodG, or 7-deaza-dG, and Z-i, Z2 and
Z3 are any nucleotide, and wherein K, L, and M each
independently represent 0-10, N is 4-10 and wherein
the immunostimulatory oligonucleotide is less than 16
nucleotides in length. 2. The immunostimulatory
oligonucleotide of claim 1, wherein Xi includes T dU,
dl, or dA; X2 includes T, dU, dA or 7-deaza-dA; Zi
includes d6, dt, dU, dl or 7-deaza-dG; Z2 includes T
and Z3 includes T. 3. The immunostimulatory
oligonucleotide of claim 1, wherein the
immunostimulatory oligonucleotide includes fewer than
six phosphorothioate linkages. 4. The
immunostimulatory oligonucleotide of claim 1, wherein
the immunostimulatory oligonucleotide comprises four
phosphorothioate linkages. 5. The immunostimulatory
oligonucleotide of claim 1, wherein the sequence YiRi
X2Y2R2 X3Y3R3 forms a palindrome or near-palindrome.
6. The immunostimulatory oligonucleotide of claim 1,
further comprising a palindromic domain of at least 6
and less than 11 nucleotides in length and including
at least 3 YR dinucleotides having phosphodiester or
phosphodiester-like internucleotide linkages, wherein
Y is dC, 5-methyl-dC, 5-hydroxy-dC or 5-fluoro-dC, and
R is dG, dl, 6-Thio-dG, or 7-deaza-dG, linked to a
Poly G domain, either directly or indirectly, wherein
the Poly G domain includes at least 3 and less than 8
consecutive Gs, wherein when the palindromic domain is
indirectly linked to the PoIy-G domain, the indirect
linkage is comprised of a nucleotide sequence of 1-10
nucleotides or a nonnucleotide linker, wherein the
oligonucleotide has a length of less than 18
nucleotides.7. The immunostimulatory oligonucleotide
of claim 6, wherein the oligonucleotide includes at
least 2 and less than 6 stabilized internucleotide
linkages. 8. The immunostimulatory oligonucleotide of
claim 6, wherein the stabilized internucleotide
linkages are phosphorothioate linkages. 9. The
immunostimulatory oligonucleotide of claim 6, wherein
each nucleotide of the palindromic domain has a
phosphodiester internucleotide linkage. 10. The
immunostimulatory oligonucleotide of claim 1, further
comprising a palindromic domain of at least 6 and less
than 11 nucleotides in length and including at least 3
Y R' dinucleotides having phosphodiester or
phosphodiester-like internucleotide linkages, wherein
Y' is 5-methyl-dC, 5-hydroxy-dC or 5-fluoro-dC, and R
is dl, dG, 6-Thio-dG, or 7-deaza-dG, linked to a Poly
G domain, either directly or indirectly, wherein the
Poly G domain includes at least 3 and less than 8
consecutive Gs, wherein when the palindromic domain is
indirectly linked to the PoIy-G domain, the indirect
linkage is comprised of a nucleotide sequence of 1-10
nucleotides or a nonnucleotide linker. 11. An
immunostimulatory oligonucleotide of the formula 5'-(Z
1)KXiYiRi X2Y2R2 XaYsRs (Z2)LQ-S' (SEQ ID NO :71 )
wherein Xi is any nucleotide except dG, X2 and X3 are
any nucleotide, Y1 and Y2 are dC, 5-methyl-dC,
5-hydroxy-dC or 5-fluoro-dC, R1,R2 and R3 are dG, dl,
6-Thio-dG, or 7-deaza-dG, and Zi and Z2 are any
nucleotide, and Q is a lipophilic moiety, and wherein
K, L, and M each independently represent 0-10, N is
4-10 and wherein the immunostimulatory oligonucleotide
is less than 16 nucleotides in length. 12. A
composition comprising the immunostimulatory
oligonucleotide of any one of claim 1 and a
pharmaceutical carrier. 13. The composition of claim 1
wherein the immunostimulatory oligonucleotide sequence
includes SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:1 1; SEQ ID
NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO.15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:29,
SEQ ID NO:30 SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36;
SEQ ID NO:37; SEQ IDNO:38; SEQ ID NO:39; SEQ ID NO:40;
SEQ ID NO:41 ; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48 SEQ ID
NO:49. 14. A method of stimulating an immune response
in a subject, comprising administering to a subject in
need of such treatment the composition of claim 1. 15.
The method of claim 1, wherein the subject in need has
or is at risk of having cancer, infectious disease,
asthma, allergy, allergic rhinitis, or autoimmune
disease. 


