
METHOD FOR REDUCING THROMBOCYTOPENIA AND THROMBOCYTOPENIA-ASSOCIATED
MORTALITY BACKGROUND OF THE INVENTION Platelet reactivity (i.e., activation
and aggregation) is pivotal in the pathogenesis of complications after
percutaneous coronary intervention (PCI) and the degree of platelet
inhibition during and immediately after PCI is critical for protecting
against further ischemic events. Such events include reinfarction,
reocclusion of the target vessel and other vasoocclusive disorders. Such
events can occur spontaneously or in response to an invasive cardiac
procedure, such as PCI, coronary artery or peripheral bypass grafting and
cardiac valve replacement. Historically, many measures have been taken to
inhibit platelet aggregation. Among these measures is the intravenous
administration of inhibitors of the glycoprotein (GP) Ilb/IIIa receptor
complex. These inhibitors include abciximab, tirofiban and eptifibatide.
These inhibitors should be used concomitantly with treatments known to
trigger unwanted platelet aggregation (e.g., administration of
unfractionated heparin). However, it has also been widely observed that
there are inherent risks associated with the administration of GP Ilb/IIIa
inhibitors. These risks include major and minor bleeding and, of particular
concern, onset of thrombocytopenia. It has been observed, in fact, that
some patients who are spared reinfarction and even death following PCI can
instead suffer from, and even succumb to, the effects (primarily
gastrointestinal or cranial bleeding) of the thrombocytopenia induced by
treatment with platelet-aggregation inhibitors. In patients with ST-segment
elevation myocardial infarction (STEMI), platelet reac tivity is associated
with the severity of myocardial damage and strongly correlates with various
measures of myocardial reperfusion, including ST-segment recovery after 2,3
treatment. In a recent study of abciximab vs placebo in patients undergoing
primary angioplasty, the degree of ST-segment resolution was significantly
improved with 4 5 abciximab, as was the mortality rate at 12 months.
Tirofiban belongs to the same class of anti-platelet agents as abciximab,
namely glycoprotein Ilb/IIIa inhibitors. However, tirofiban differs from
abciximab in terms of both pharmacodynamic and pharmacokinetic profiles.
Similar to abciximab, tirofiban inhibits platelet activity through
glycoprotein Ilb/IIIa platelet receptor blockade, but unlike abciximab,
tirofiban exerts a competitive and rapidlyreversible antagonism and does
not inhibit other b3 integrins, such as the vitronectin receptor, at the
surface of vascular cells or the activated Mac-1 receptor on leukocytes.
These have traditionally been regarded as crucial targets to explain
abciximab effects especially on microcirculation in the setting of ongoing
myocardial infarction. The first head-to-head comparison between abciximab
and tirofiban was powered based on the preservation of a difference of at
least 50% in the effect of abciximab as 9 compared with that of placebo. In
that study, abciximab was superior to tirofiban with 9 respect to the
prespecified combined end point. This result was driven by a higher rate of
periprocedural myocardial infarction in the tirofiban group, suggesting
inadequate early 9 platelet inhibition with the bolus regimen (10 mg/kg)
used. Subsequent dose-ranging studies showed that increasing the tirofiban
bolus dose from 10 to 25 mg/kg provided an optimal 10 level of platelet
inhibition, and several independent pharmacokinetics studies suggested that
tirofiban, at increased dose, might even lead to a more consistent platelet
inhibition than abciximab. To date, three small single-center
investigations ' ' and one prematurely- 16 stopped multicenter randomized
study have compared high-dose tirofiban with abciximab in 719 patients
undergoing PCI; however, none of these studies had adequate power to
evaluate the comparison between the two drugs. There is a need for a
treatment regimen that has the desired effect of inhibiting 



platelet aggregation but in which there is at the same time a reduction of
thrombocytopenia and thrombocytopenia-associated mortality, particularly in
those patients susceptible to thrombocytopenia. Induction of
thrombocytopenia following administration of tirofiban has been observed,
but not in significantly higher amounts compared to placebo or
null-treatment arm. It has widely been thought that tirofiban, as a GP
Ilb/IIIa receptor antagonist, would have a comparable risk profile to the
other drugs in the class.BRIEF SUMMARY OF THE INVENTION The present
invention is the discovery that, surprisingly, a high-dose bolus (HDB) of
tirofiban hydrochloride followed by a continuous infusion of tirofiban
hydrochloride over a number of hours results in significantly reduced
incidence of both thrombocytopenia and thrombocytopenia-associated
morbidity and mortality compared to the effects of abciximab. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows the results of noninferiority
analysis of tirofiban when compared to abciximab. Figure 2 shows the effect
of thrombocytopenia on patient outcome in patients subjected to a primary
PCI procedure. Figure 3 shows the results of comparison of the impact of
thrombocytopenia on mortality in patients treated with HDB tirofiban or
abciximab. Figure 4 shows the results of comparison of the likelihood of
patients experiencing a clinical event (death or myocardial infarction)
within eight months of treatment with HDB tirofiban or abciximab. DETAILED
DESCRIPTION OF THE INVENTION Tirofiban hydrochloride, commercially
available as AGGRASTAT(r), is a nonpeptide inhibitor of the platelet GP
Ilb/IIIa receptor, the major platelet surface receptor involved in platelet
aggregation. It is chemically described either as
N-(butylsulfonyl)-O-[4-(4- piperidinyl)butyl]-L-tyrosine monohydrochloride
or 2-S-(n-butylsulfonylamino)-3[4- (piperidin-4-yl)butyloxyphenyl]
propionic acid hydrochloride and is described in U.S. Patent No. 5,292,756.
Its structure is: From October 2004 to April 2007, a Phase III, open-label,
multinational study of 745 patients experiencing ST-segment elevation
myocardial infarction (STEMI), entitled the Multicentre Evaluation of
Single High-Dose Bolus Tirofiban vs Abciximab With SirolimusEluting Stent
or Bare Metal Stent in Acute Myocardial Infarction Study (MULTISTRATEGY)
was conducted. The basic design of the study was detailed earlier. 17
Briefly, patients were randomly assigned with the use of a 2 x 2 factorial
design to one of four interventional strategies of reperfusion: abciximab
with an uncoated stent; abciximab with a sirolimus-eluting stent; HDB
tirofiban hydrochloride with an uncoated stent; or HDB tirofiban
hydrochloride with a sirolimus-eluting stent. Patient characteristics were
similar among all four groups except that there was a slightly higher
prevalence of prior transient ischemic attacks in the
tirofiban/uncoated-stent groups. The inclusion criteria were (1) chest pain
for longer than 30 minutes with an electrocardiographic ST-segment
elevation of 1mm or greater in two or more contiguous electrocardiogram
leads, or with a new left bundlebranch block, and (2) admission either
within 12 hours of symptom onset or between 12 and 24 hours after onset
with evidence of continuing ischemia. The exclusion criteria included
administration of fibrinolytics in the previous 30 days, major surgery
within 15 days, and active bleeding or previous stroke in the last six
months. Immediately after eligibility criteria were met and before the
visualization of coronary arteries through angiography, the treating
physician at each investigational site performed open-label assignments of
study treatments via sealed envelopes. Randomization was achieved with a
1:1:1:1 computer-generated random sequence supplied by an academic
statistician, without stratification, in blocks of 30. Tirofiban
hydrochloride was administered in a high-dose bolus (25 mg/kg bolus)
followed by a continuous infusion (0.15 mg/kg/min for 18-24 hours). This
type of regimen is described in U.S. Patent No. 6,770,660. Abciximab was
administered in a 0.25 mg/kg bolus, followed by 0.125 mg/kg/min continuous
infusion for 12 hours. The administration of both drugs began at first
medical contact, before arterial sheath insertion. Heparin was given at 40
to 70 U/kg, targeting an activated clotting time of at least 200 seconds.
Patients received aspirin (160-325 mg orally or 250 mg intravenously,
followed by 80-125 mg/d orally 



indefinitely) and clopidogrel (300 mg orally and then 75 mg/d for at least
three months). A 12-lead electrocardiogram was recorded before the
procedure and 90 minutes after the last balloon inflation in the
infarct-related artery. Follow-up visits were scheduled at one, four, and
eight months. The data for all patients with primary end-point events were
reviewed by an indepen dent adjudication committee whose members were
blinded to treatment assignments. Events adjudication was performed
separately by two members, and in case of disagreement, the opinion of the
third member was obtained and the final decision taken by consensus.
Thecommittee was also responsible for the adjudication of all clinical
events according to the 18 Academic Research Consortium. Changes in the
ST-segment of the electrocardiogram were evaluated cumulatively before and
90 minutes after intervention. ST-segment elevation was measured to the
nearest 0.5 mm at 60 milliseconds after the J point by a single experienced
cardiologist who was blinded to treatment assignments. The intraobserver
agreement was 94.1% (K=O.82) in identifying the recovery by at least 50% of
ST-segment elevation in 217 randomly selected patients (30% of all
interpretable electrocardiograms). Quantitative angiographic analyses were
performed with a validated edge-detection system (CAAS II; Pie Medical,
Maastricht, the Netherlands), and coronary flow was classified according to
Thrombolysis in Myocardial Infarction (TIMI) criteria. Angiographic
analyses and TIMI grading were performed by one independent cardiologist
who was blinded to treatment assignments. Discrete data were summarized as
frequencies, and comparisons were made with the 2 likelihood-ratio c test
or Fisher exact test. Continuous data were expressed as mean (SD) or median
and interquartile range according to their distribution; comparisons were
made with a one-way analysis of variance or the Kruskal-Wallis test. With
respect to comparison between drug groups, a total of 580 patients was
required for greater than 85% power in detecting a 9% absolute difference,
0.89 in terms of relative risk, between groups in the proportion of
patients who attained at least 50% resolution of STsegment elevation, which
corresponds to the 50% previously observed absolute difference between
abciximab and placebo, with a two-sided 2.5% significance level and an 85%
expected event rate in the control group based on previous findings. The
noninferiority test was computed with the continuity-corrected c of Dunnett
and Gent on the entire patient cohort. This was based on both
intention-to-treat and per-protocol principles and was applied to an
exploratory analysis across several prespecified subgroups. The
Cochran-Mantel- Haenszel c test was performed to evaluate possible
imbalances of the relative risk among different recruiting centers.
Tirofiban yielded noninferior recovery from ST-segment elevation after
coronary intervention in comparison with abciximab; this result was
consistent across different recruiting centers and multiple prespecified
subgroups. Similarly, the rate of major adverse cardiovascular events
(MACE, identified as the composite of death from any cause, reinfarction,
and clinically-driven target-vessel revascularization) or bleeding events
did notdiffer between the tirofiban or abciximab groups, but the incidence
of severe or moderate thrombocytopenia was lower in the tirofiban group
compared with the abciximab group, a finding of potential clinical
relevance. 19 Normalization of ST-segment elevation is crucial for managing
high-risk patients. ST-segment resolution, correlated to small infarct size
and transmurality, is a strong and independent prognostic factor for death
or death/Ml (death or myocardial infarction), and internal controls from
the MULTISTRATEGY study showed an increase in death/MI-free survival (95%
versus 89%, P = 0.023) for patients achieving ST-segment resolution of at
least 50%. With respect to the comparison of HDB tirofiban and abciximab,
the primary endpoint was the incidence of > 50% resolution in ST-segment
elevation within 90 minutes following percutaneous coronary intervention.
The results of the study showed no significant difference in the percentage
of patients achieving at least 50% ST-segment resolution between the
abciximab (302 out of 361 patients, 83.6%) and the HDB-tirofiban-treated
patients (308 out of 361 patients, 85.3%) in the intention-to-treat
analysis (relative risk for tirofiban vs. abciximab, 1.020; 97.5%
confidence interval, 0.958-1.086; P value < 0.001 for 



noninferiority). The per-protocol analysis yielded similar results
(relative risk, 1.020; 97.5% confidence interval, 0.959-1.086; P < .001 for
noninferiority). The data thus showed that treatment with HDB tirofiban led
to noninferior ST-segment resolution compared with abciximab. (See Fig. 1.)
Surprisingly, the onset of thrombocytopenia had a significant effect on
patient outcome. As can be seen in Figure 2, patients with clinical
thrombocytopenia (a platelet count of <100,000/ml [lighter shading]) were
greater than five times more likely to die following the procedure than
nonthrombocytopenic patients (platelet count of >100,000/ ml [darker
shading]). Similarly, thrombocytopenic patients were approximately three
and onehalf times more likely to die or have a myocardial infarction and
greater than two and onehalf times more likely to suffer a MACE following
treatment than nonthrombocytopenic patients. At 30 days, ischemic and
hemorrhagic outcomes (Thrombolysis in Myocardial Infarction) (TIMI), major
and minor bleeding) were similar in the HDB-tirofiban and abciximab groups
(7.2% vs. 7.8%, P = .89), as was the incidence of MACE (4.0% vs. 4.37%, P =
.85). However, the incidence of severe or moderate thrombocytopenia was
found to be significantly greater in patients treated with abciximab
compared with those treated with HDB tirofiban (4.0% vs. 0.8%, P = 0.004).
(See Table 1.) Even more striking, while the mortality rates of
nonthrombocytopenic patients treated with HDB tirofiban or abciximabwere
virtually identical, a remarkable difference was seen in the follow-up
study of the data in the mortality rate for patients who became
thrombocytopenic following treatment with HDB tirofiban or abciximab. As
can be seen in Figure 3, 20% of the patients with abciximab-induced
thrombocytopenia died within eight months, whereas none of the patients
with HDB-tirofiban-induced thrombocytopenia died in the following
eight-month period. At eight months, the incidence of MACE was found to be
similar between the HDBtirofiban and abciximab treatment groups (9.9% vs.
12.4%, P =0.30) (Table 1). In the intent-to-treat population, the
probability of death/Ml within eight months after treatment was 7.5% for
patients treated with abciximab versus 5.9% for patients treated with HDB
tirofiban (P = 0.55). (See Table 1 and Figure 4.) Thus, the data show in
the first place that HDB-tirofiban treatment surprisingly results in
significantly diminished incidence of severe or moderate thrombocytopenia
compared to abciximab treatment. The data further show a surprising
reduction in mortality of patients with HDB-tirofiban-induced
thrombocytopenia vs. abciximab-induced thrombocytopenia.ORGANIC COMPOUNDS
This application claims priority from U.S. Provisional Application No.
61/120,443, filed December 6, 2008, and U.S. Provisional Application No.
61/235,888, filed August 21, 2009, the contents of each of which are hereby
incorporated by reference in their entirety. TECHNICAL FIELD [0001] The
present invention relates optionally substituted (5- or 7-amino)-3,4-
dihydro-(optionally 4-oxo, 4-thioxo or
4-imino)-lH-pyrrolo[3,4-d]pyrimidin-2(6H)-ones, preferably a compound of
Formula I as described below, processes for their production, their use as
pharmaceuticals and pharmaceutical compositions comprising them. Of
particular interest are novel compounds useful as inhibitors of
phosphodiesterase 1 (PDEl), e.g., in the treatment of diseases involving
disorders of the dopamine Dl receptor intracellular pathway, such as
Parkinson's disease, depression, narcolepsy, damage to cognitive function,
e.g., in schizophrenia, or disorders that may be ameliorated through
enhanced progesterone-signaling pathway, e.g., female sexual dysfunction.
BACKGROUND OF THE INVENTION [0002] Eleven families of phosphodiesterases
(PDEs) have been identified but only PDEs in Family I, the
Ca2+-calmodulin-dependent phosphodiesterases (CaM-PDEs), have been shown to
mediate both the calcium and cyclic nucleotide (e.g. cAMP and cGMP)
signaling pathways. The three known CaM-PDE genes, PDElA, PDElB, and PDElC,
are all expressed in central nervous system tissue. PDElA is expressed
throughout the brain with higher levels of expression in the CAl to CA3
layers of the hippocampus and cerebellum and at a low level in the
striatum. PDElA is also expressed in the lung and heart. PDElB is
predominately expressed in the striatum, dentate gyrus, olfactory tract 



and cerebellum, and its expression correlates with brain regions having
high levels of dopaminergic innervation. Although PDElB is primarily
expressed in the central nervous system, it may be detected in the heart.
PDElC is primarily expressed in olfactory epithelium, cerebellar granule
cells, and striatum. PDElC is also expressed in the heart and vascular
smooth muscle.[0003] Cyclic nucleotide phosphodiesterases decrease
intracellular cAMP and cGMP signaling by hydrolyzing these cyclic
nucleotides to their respective inactive 5'- monophosphates (5'AMP and
5'GMP). CaM-PDEs play a critical role in mediating signal transduction in
brain cells, particularly within an area of the brain known as the basal
ganglia or striatum. For example, NMDA-type glutamate receptor activation
and/or dopamine D2 receptor activation result in increased intracellular
calcium concentrations, leading to activation of effectors such as
calmodulin-dependent kinase II (CaMKII) and calcineurin and to activation
of CaM-PDEs, resulting in reduced cAMP and cGMP. Dopamine Dl receptor
activation, on the other hand, leads to activation of nucleotide cyclases,
resulting in increased cAMP and cGMP. These cyclic nucleotides in turn
activate protein kinase A (PKA; cAMP-dependent protein kinase) and/or
protein kinase G (PKG; cGMP-dependent protein kinase) that phosphorylate
downstream signal transduction pathway elements such as DARPP-32 (dopamine
and cAMP-regulated phosphoprotein) and cAMP responsive element binding
protein (CREB). Phosphorylated DARPP-32 in turn inhibits the activity of
protein phosphates- 1 (PP-I), thereby increasing the state of
phosphorylation of substrate proteins such as progesterone receptor (PR),
leading to induction of physiologic responses. Studies in rodents have
suggested that inducing cAMP and cGMP synthesis through activation of
dopamine Dl or progesterone receptor enhances progesterone signaling
associated with various physiological responses, including the lordosis
response associated with receptivity to mating in some rodents. See Mani,
et al., Science (2000) 287: 1053, the contents of which are incorporated
herein by reference. [0004] CaM-PDEs can therefore affect
dopamine-regulated and other intracellular signaling pathways in the basal
ganglia (striatum), including but not limited to nitric oxide,
noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate (e.g., NMDA
receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g., A2A
receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP, CNP),
DARPP-32, and endorphin intracellular signaling pathways. [0005]
Phosphodiesterase (PDE) activity, in particular, phosphodiesterase 1 (PDEl)
activity, functions in brain tissue as a regulator of locomotor activity
and learning and memory. PDEl is a therapeutic target for regulation of
intracellular signaling pathways,preferably in the nervous system,
including but not limited to a dopamine Dl receptor, dopamine D2 receptor,
nitric oxide, noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate
(e.g., NMDA receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g.,
A2A receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP,
CNP) , endorphin intracellular signaling pathway and progesterone signaling
pathway. For example, inhibition of PDElB should act to potentiate the
effect of a dopamine Dl agonist by protecting cGMP and cAMP from
degradation, and should similarly inhibit dopamine D2 receptor signaling
pathways, by inhibiting PDEl activity. Chronic elevation in intracellular
calcium levels is linked to cell death in numerous disorders, particularly
in neurodegerative diseases such as Alzheimer's, Parkinson's and
Huntington's Diseases and in disorders of the circulatory system leading to
stroke and myocardial infarction. PDEl inhibitors are therefore potentially
useful in diseases characterized by reduced dopamine Dl receptor signaling
activity, such as Parkinson's disease, restless leg syndrome, depression,
narcolepsy and cognitive impairment. PDEl inhibitors are also useful in
diseases that may be alleviated by the enhancement of
progesterone-signaling such as female sexual dysfunction. [0006] There is
thus a need for compounds that selectively inhibit PDEl activity,
especially PDElA or PDElB activity. SUMMARY OF THE INVENTION [0007] The
invention provides optionally substituted (5- or 7-amino)-3,4-dihydro-
(optionally 4-oxo, 4-thioxo or
4-imino)-lH-pyrrolo[3,4-d]pyrimidin-2(6H)-ones, 



preferably a Compound of Formula II, e.g., II-A and H-B: Formula II-A
Formula H-B wherein(i) Q is -C(=S)-, -C(=O)-, -C(=N(R 7))- or -C(R 14)(R
15)-; (ii) R1 is H or d^alkyl (e.g., methyl or ethyl); (iii) R2 is H, Ci-
alkyl (e.g., isopropyl, isobutyl, 2-methylbutyl, 2,2- dimethylpropyl)
wherein said alkyl group is optionally substituted with halo (e.g., fluoro)
or hydroxy (e.g., 1- hydroxypropan-2-yl, 3-hydroxy-2-methylpropyl), for
example, R2 may be a trifluoromethyl or 2,2,2-trifluoroethyl, N(R 14)(Ri
5)-Ci -6alkyl (e.g., 2-(dimethylamino)ethyl or 2- aminopropyl), arylCo-
alkyl (e.g., phenyl or benzyl), heteroarylCo-6alkyl (e.g.,
pyridinylmethyl), C1-6alkoxyarylCi -6alkyl (e.g., 4-methoxybenzyl); -G-J
wherein: G is a single bond or, alkylene (e.g., methylene); J is cycloalkyl
or heterocycloalkyl (e.g., oxetan-2-yl, pyrolyin-3-yl, pyrolyin-2-yl)
optionally substituted with one or more C1-6alkyl (e.g.,
(l-methylpyrolidin-2-yl)), amino (e.g., -NH2), for example, -G-J may be -
C0-4alkyl-C 3-8cycloalkyl (e.g., cyclopentyl, cyclohexyl or
cyclopropylmethyl) optionally substituted with one or more C1-6alkyl, amino
(e.g., -NH2), for example, 2-aminocyclopentyl or 2-aminocyclohexyl,wherein
said cycloalkyl optionally contains one or more heteroatom selected from N
and O (e.g., pyrrolidinyl, for example, pyrrolidin-3-yl or pyrrolidin-2-yl,
l-methyl-pyrrolindin-2-yl, 1-methylpyrrolindin- 3-yl,
l-methyl-pyrrolindin-2-yl-methyl or l-methyl-pyrrolindin-3-yl-methyl); (iv)
R3 is1) -D-E-F wherein: D is a single bond, Ci-6alkylene (e.g., methylene),
or arylalkylene (e.g., p-benzylene or -CH 2C H4-); E is a single bond,
Ci^alkylene (e.g., methylene) C2-6alkynylene (e.g., ethynylene,
prop-2-yn-lylene), ethynylene, prop-2-yn- 1-ylene), -Co-4alkylarylene
(e.g., phenylene or - C6H4- , -benzylee- or - CH2C6H4-), wherein the
arylene group is optionally substituted with halo (e.g., Cl or F),
heteroarylene (e.g., pyridinylene or pyrimidinylene), aminoCi-6alkylene
(e.g., -CH 2N(H)-), amino (e.g., -N(H)-); C3-8cycloalkylene optionally
containing one or more heteroatom selected from N or O (e.g.,
piperidinylene), F is H, halo (e.g., F, Br, Cl), Ci^alkyl (e.g., isopropyl
or isobutyl), haloCi -6alkyl (e.g., trifluoromethyl), aryl (e.g., phenyl),
C3-8cycloalkyl optionally containing at least one atom selected 



from a group consisting of N or O (e.g., cyclopentyl, cyclohexyl,
piperidinyl, pyrrolidinyl, tetrahydro-2H-pyran- 4-yl, or morpholinyl), said
cycloalkyl is optionally substituted with Ci-6alkyl (e.g., methyl or
isopropyl), for example, l-methylpyrrolidin-2-yl, pyrrolidin-1-yl,
pyrrolidin-2-yl, piperidin-2-yl, l-methyrpiperidin-2-yl, 1-
ethylpiperidin-2-yl,heteroaryl optionally substituted with Ci^alkyl, (e.g.,
pyridyl, (for example, pyrid-2-yl), pyrimidinyl (for example,
pyrimidin-2-yl), thiadiazolyl (for example, 1,2,3-thiadiazol- 4-yl),
diazolyl (e.g., pyrazolyl (for example, pyrazol-1-yl) or imidazolyl (for
example, imidazol-1-yl, 4- methylimidazolyl, l-methylimidazol-2-yl,),
triazolyl (e.g., 1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl),
alkoxadiazolyl (e.g., 5-methyl-l,2,4-oxadiazol), pyrazolyl (e.g.,
pyrazol-1-yl), wherein said heteroaryl is optionally substituted with halo
(e.g., fluoro) or haloCi-6alkyl, for example, 6-fluoropyrid-2-yl; amino
(e.g., -NH2), C1-6alkoxy, -O-haloC 1-6alkyl (e.g., -0-CF 3),
Ci-6alkylsulfonyl (for example, methylsulfonyl or -S(O) 2CH ), -C(O)-R13 ,
-N(R14)(R15) ; or 2) a substituted heteroarylaklyl, e.g., substituted with
haloalkyl; or 3) attached to the nitrogen on the pyrrolo portion of Formula
I and is a moiety of Formula A Formula Awherein X, Y and Z are,
independently, N or C, and R8, R9, R11 and Ri2 are independently H or
halogen (e.g., Cl or F); and R 0 is halogen, 5 C1-6alkyl, Ci^alkoxy (e.g.,
methoxy), C3-8cycloalkyl, heteroC3-8cycloalkyl (e.g., pyrrolidinyl) haloCi
-6alkyl (e.g., trifluoromethyl), 10 aryl (e.g., phenyl), heteroaryl (e.g.,
pyridyl, (for example, pyrid-2-yl) or e.g., thiadiazolyl (for example,
l,2,3-thiadiazol-4-yl), diazolyl (e.g., imidazolyl or pyrazolyl), triazolyl
(e.g., 1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl), 15
alkoxadiazolyl (e.g., 5-methyl-l,2,4-oxadiazol), pyrazolyl (e.g.,
pyrazol-1-yl), Ci^alkyl sulfonyl (e.g., methyl sulfonyl), arylcarbonyl
(e.g., benzoyl), heteroarylcarbonyl, 20 alkoxycarbonyl, (e.g.,
methoxycarbonyl), aminocarbonyl; wherein the aryl, heteroaryl, cycloalkyl
or heterocycloalkyl is optionally substituted with one or more Ci- alkyl
(e.g., methyl), halogen (e.g., chloro or fluoro), haloQ. 25 alkyl (e.g.,
trifluoromethyl), hydroxy, carboxy, -SH, or an additional aryl or
heteroaryl (e.g., biphenyl or pyridylphenyl) preferably Ri0 is phenyl or
pyridyl, e.g., 2-pyridyl optionally substituted with the substituents
previously 



30 defined;provided that when X, Y or X is nitrogen, R8, R9 or Ri0,
respectively, is not present; (v) R4 and R5 are independently H, Ci-6alkyl
(e.g., methyl, isopropyl), C3-8cycloalkyl (e.g., cyclopentyl),
C3-8heterocycloalkyl (e.g., pyrrolidin-3-yl), aryl (e.g., phenyl) or
heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol-3-yl) wherein said aryl
or heteroaryl is optionally substituted with halo (e.g., 4-fluorophenyl),
hydroxy (e.g., 4-hydroxyphenyl), C1- 6alkyl, Ci-6alkoxy or another aryl
group (e.g., biphenyl-4- ylmethyl); (vi) R6 is H, (e.g., methyl), hydroxy,
Ci-6alkoxy, aryloxy, - N(Ri 6)(Ri 7), oxo (e.g., =0), or C3-8Cycloalkyl;
(vii) R7 is H, Ci-6alkyl (e.g., methyl) or C3-8cycloalkyl wherein said
cycloalkyl is optionally substituted with one or more oxo (e.g.,
2,5-dioxopyrrolidin-lyi); (viii) R13 is -N(R 14)(R 15), Ci- alkyl (e.g.,
methyl), -OCi -6alkyl (e.g., -OCH3), haloCi -6alkyl (trifluoromethyl), aryl
(e.g., phenyl), or heteroaryl; and (ix) Ri4 and R15 are independently H or
Ci 6alkyl; (x) Ri6 and R17 are independently H, C[.6alkyl, aryl (e.g.,
phenyl), heteroaryl, wherein said aryl or heteroaryl is optionally
substituted with halo (e.g., fluoro), C1-6alkoxy (e.g.,methoxy); in free or
salt form. [0008] Compounds of Formula I, e.g. Formula I-A and I-B:Formula
I-A Formula I-B wherein (0 Q iis -C(=S)-, -C( () R i is H or C). 6all<
(iii) R2 is H, (e.g., isopropyl, isobutyl, 2-methylbutyl, 2,2-
dimethylpropyl) wherein said alkyl group is optionally substituted with
halo (e.g., fluoro) or hydroxy (e.g., 1- hydroxypropan-2-yl,
3-hydroxy-2-methylpropyl), - C0-4alkyl-C3. 8cycloalkyl (e.g., cyclopentyl,
cyclohexyl) optionally substituted with one or more amino (e.g., -NH 2),
for example, 2-aminocyclopentyl or 2-aminocyclohexyl),wherein said
cycloalkyl optionally contains one or more heteroatom selected from N and O
and is optionally substituted with Ci^alkyl (e.g.,
l-methyl-pyrrolindin-2-yl, l-methyl-pyrrolindin-3-yl, 1-
methyl-pyrrolindin-2-yl-methyl or l-methyl-pyrrolindin-3-ylmethyl),
C3-8heterocycloalkyl (e.g., pyrrolidinyl, for example, pyrrolidin-3- yl or
pyrrolidin-2-yl) optionally substituted with Ci^alkyl (e.g., methyl), for
example, l-methylpyrrolidin-3-yl or 1- methylpyrrolidin-2-yl,
C3-8cycloalkyl-Ci. 6alkyl (e.g.,cyclopropylmethyl), haloCi. 6alkyl (e.g.,
trifluoromethyl, 2,2,2-trifluoroethyl),-N(Ri4)(R 15)-Ci.6alkyl (e.g.,
2-(dimethylamino)ethyl,2- aminopropyl), (e.g., (e.g.,
3-hydroxy-2-methylpropyl, 1- hydroxyprop-2-yl), arylC0-6alkyl (e.g.,
benzyl), heteroarylCi- alkyl (e.g., pyridinylmethyl),
Ci-6alkoxyarylCi.6alkyl (e.g., 4-methoxybenzyl); -G-J wherein: G is a
single bond or, alkylene (e.g., methylene); 



J is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-yl, pyrolyin-3-yl,
pyrolyin-2-yl) optionally substituted with (e.g.,
(l-methylpyrolidin-2-yl)); (iv) R3 is 1) -D-E-F wherein: D is a single
bond, Ci-6alkylene (e.g., methylene), or arylalkylene (e.g., p-benzylene or
-CH 2C H4-); E is a single bond, Ci^alkylene (e.g., methylene)
C2-6alkynylene (e.g., ethynylene, prop-2-yn-lylene), ethynylene, prop-2-yn-
1-ylene), -C0-4alkylarylene (e.g., phenylene or - C H4- , -benzylene- or -
CH2C6H4-), wherein the arylene group is optionally substituted with halo
(e.g., Cl or F), heteroarylene (e.g., pyridinylene or pyrimidinylene),
aminoCi- alkylene (e.g., -CH 2N(H)-), amino (e.g., -N(H)-);
C3-8cycloalkylene optionally containing one or more heteroatom selected
from N or O (e.g., piperidinylene), F is H,halo (e.g., F, Br, Cl),
C1-6alkyl (e.g., isopropyl or isobutyl), haloCi- alkyl (e.g.,
trifluoromethyl), aryl (e.g., phenyl), C3.8cycloalkyl optionally containing
at least one atom selected from a group consisting of N or O (e.g.,
cyclopentyl, cyclohexyl, piperidinyl, pyrrolidinyl, tetrahydro-2H-pyran-
4-yl, or morpholinyl), said cycloalkyl is optionally substituted with
Ci-6alkyl (e.g., methyl or isopropyl), for example,
l-methylpyrrolidin-2-yl, pyrrolidin-1-yl, pyrrolidin-2-yl, piperidin-2-yl,
l-methylpiperidin-2-yl, 1- ethylpiperidin-2-yl, heteroaryl optionally
substituted with Ci-6alkyl, (e.g., pyridyl, (for example, pyrid-2-yl),
pyrimidinyl (for example, pyrimidin-2-yl), thiadiazolyl (for example,
1,2,3-thiadiazol- 4-yl), diazolyl (e.g., pyrazolyl (for example,
pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl, 4-
methylimidazolyl, l-methylimidazol-2-yl,), triazolyl (e.g.,
1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl
(e.g., 5-methyl-l,2,4-oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), wherein
said heteroaryl is optionally substituted with halo (e.g., fluoro) or
haloCi-6alkyl, for example, 6-fluoropyrid-2-yl; amino (e.g., -NH2),
C1-6alkoxy, -O-haloCi -6alkyl (e.g., -0-CF 3), C1-6alkylsulfonyl (for
example, methylsulfonyl Or -S(O) 2CH3), -C(O)-R 13 , -N(R14)(R15); or 2) a
substituted heteroarylaklyl, e.g., substituted with haloalkyl; or3)
attached to the nitrogen on the pyrrolo portion of Formula I and is a
moiety of Formula A Formula A wherein X, Y and Z are, independently, N or
C, and R8, R9, Ri1 and R 2 are independently H or halogen (e.g., Cl or F);
and Ri0 



is halogen, alkyl, cycloalkyl, haloalkyl (e.g., trifluoromethyl), aryl
(e.g., phenyl), heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or
e.g., thiadiazolyl (for example, 1,2,3-thiadiazol- 4-yl), diazolyl,
triazolyl (e.g., 1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl),
alkoxadiazolyl (e.g., 5-methyl-l,2,4- oxadiazol), pyrazolyl (e.g.,
pyrazol-1-yl), alkyl sulfonyl (e.g., methyl sulfonyl), arylcarbonyl (e.g.,
benzoyl), or heteroarylcarbonyl, alkoxycarbonyl, (e.g., methoxycarbonyl),
aminocarbonyl; preferably phenyl or pyridyl, e.g., 2-pyridyl; provided that
when X, Y or X is nitrogen, R8, R9 or R 0, respectively, is not present;
(V) R4 and R5 are independently H, Ci^alkyl (e.g., methyl, isopropyl),
C3.8cycloalkyl (e.g., cyclopentyl), C3.8heterocycloalkyl (e.g.,
pyrrolidin-3-yl), aryl (e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl,
pyrid-2-yl or pyrazol-3-yl) wherein said aryl or heteroaryl is
optionallysubstituted with halo (e.g., 4-fluorophenyl), hydroxy (e.g., 4-
hydroxyphenyl), Ci-galkyl, Ci- alkoxy or another aryl group (e.g.,
biphenyl-4-ylmethyl); (vi) R6 is H, C^alkyl (e.g., methyl) or
C3-8cycloalkyl; (vii) R13 is -N(R 14)(R 15), C1-6alkyl (e.g., methyl),
-OCi-6alkyl (e.g., -OCH3), haloCi - alkyl (trifluoromethyl), aryl (e.g.,
phenyl), or heteroaryl; and (viii) R and Ri5 are independently H or
Ci-6alkyl, in free or salt form. [0009] In a further embodiment, the
compound of formula I is a compound wherein Q is C(=O) or C(=S) and R is H
or in free or salt form. In still another embodiment, the compound of
formula II is a compound wherein Q is C(=O) or C(=S) and R is H, C^alkyl
(e.g., methyl), hydroxy, Ci^alkoxy, aryloxy, -N(Ri 6)(Ri 7), oxo (e.g.,
=0), or C3.8cycloalkyl, in free or salt form. [0010] The invention further
provides compounds of Formula I (I-A and I-B) as follows: 1.1 Formula I,
wherein Q is -C(=S)-; 1.2 Formula I, wherein Q is - C(=N(R6))-; 1.3 Formula
I, wherein Q is -C(Ri4)(Ri 5)-; 1.4 Formula I, or any of 1.1-1.3, wherein
R3 is--D-E-F; 1.5 Formula 1.4, D is a single bond, Ci-6alkylene (e.g.,
methylene), or arylalkylene (e.g., benzylene or -CH 2C6H4-); 1.6 Formula
1.4, wherein D is a single bond; 1.7 Formula 1.4, wherein D is Ci-6alkylene
(e.g., methylene); 1.8 Formula 1.4, wherein D is methylene; 1.9 Formula
1.4, wherein D is arylalkylene (e.g., benzylene or -CH 2C6H4-); 1.10
Formula 1.4, wherein D is benzylene or -CH 2C6H4- ; 1.1 1 Any of formulae
1.4-1.10, wherein E is a single bond, C^alkylene (e.g., methylene),
C2-6alkynylene (e.g., ethynylene, prop-2-yn-l-ylene), -C0. 4alkylarylene
(e.g., phenylene or - C6H4- , -benzylene- or -CH 2C6H4-), wherein the
arylene group is optionally substituted with halo (e.g., Cl or F),
heteroarylene (e.g., pyridinylene or pyrimidinylene), aminoCi.6alkylene
(e.g., -CH 2N(H)-), amino (e.g., -N(H)-); C3-8cycloalkylene optionally
containing one or more heteroatom selected from N or O (e.g.,
piperidinylene); 1.12 Any of formulae 1.4-1.10, wherein E is a single bond;
1.13 Any of formulae 1.4-1.10, wherein E is Ci-6alkylene (e.g., methylene);
1.14 Any of formulae 1.4-1.10, wherein E is C2-6alkynylene (e.g.,
ethynylene, prop-2-yn- 1-ylene); 1.15 Any of formulae 1.4- 1.10, wherein E
is methylene; 



1.16 Any of formulae 1.4-1.10, wherein E is ethynylene; 1.17 Any of
formulae 1.4-1.10, wherein E is prop-2-yn- 1-ylene; 1.18 Any of formulae
1.4- 1.10, wherein E is -Q^alkylarylene (e.g., phenylene or - C6H4- ,
-benzylene- or -CH 2C6H4-), wherein the arylene group is optionally
substituted with halo (e.g., Cl or F); 1.19 Any of formulae 1.4-1.10,
wherein E is phenylene or - C6H4- ; 1.20 Any of formulae 1.4-1.10, wherein
E is heteroarylene (e.g., pyridy lene or pyrimidylene); 1.2 1 Any of
formulae 1.4- 1.10, wherein E is pyridylene; 1.22 Any of formulae 1.4-1.10,
wherein E is pyrimidylene; 1.23 Any of formulae 1.4-1.10, wherein E is
aminoCi -6alkylene (e.g., - CH2N(H)-); 1.24 Any of formulae 1.4-1.10,
wherein E is amino (e.g., -N(H)-); 1.25 Any of formulae 1.4-1.10, wherein E
is C3-8cycloalkylene optionally containing one or more heteroatom selected
from N or O (e.g., piperidinylene); 1.26 Any of formulae 1.4-1.25, wherein
F is H, halo (e.g., F, Br, Cl), C1-6alkyl (e.g., isopropyl or isobutyl),
haloCi^alkyl (e.g., trifluoromethyl), aryl (e.g., phenyl), C3.8cycloalkyl
optionally containing at least one atom selected from a group consisting of
N or O (e.g., cyclopentyl, cyclohexyl, piperidinyl, pyrrolidinyl,
tetrahydro-2H-pyran-4-yl, or morpholinyl), said cycloalkyl is optionally
substituted with Ci^alkyl (e.g., methyl or isopropyl), for example,
l-methylpyrrolidin-2-yl, pyrrolidin-1-yl,pyrrolidin-2-yl, piperidin-2-yl,
l-methylpiperidin-2-yl, l-ethylpiperidin-2- yl; heteroaryl optionally
substituted with Ci^alkyl (e.g., pyridyl, (for example, pyrid-2-yl),
pyrimidinyl (for example, pyrimidin-2-yl), thiadiazolyl (for example,
l,2,3-thiadiazol-4-yl), diazolyl (e.g., pyrazolyl (for example,
pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl, 4-
methylimidazolyl, l-methylimidazol-2-yl,), triazolyl (e.g.,
1,2,4-triazol-lyl), tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl (e.g.,
5-methyl- 1,2,4- oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), wherein said
heteroaryl is optionally substituted with halo (e.g., fluoro) or haloCi
-6alkyl, for example, 6-fluoropyrid-2-yl; amino (e.g., -NH2), Ci-6alkoxy,
-O-haioCi. 6alkyl (e.g., -0-CF 3), Ci-6alkylsulfonyl (for example,
methylsulfonyl or - S(O)2CH3), C(O)-R 13 or -N(R 14)(Ri 5) ; 1.27 Any of
formulae 1.4- 1.26, wherein F is H; 1.28 Any of formulae 1.4-1.26, wherein
F is halo (e.g., F, Br, Cl); 1.29 Any of formulae 1.4- 1.26, wherein F is
fluoro or chloro; 1.30 Any of formulae 1.4-1.26, wherein F is (e.g.,
isopropyl or isobutyl); 1.31 Any of formulae 1.4-1.26, wherein F is
isopropyl; 1.32 Any of formulae 1.4-1.26, wherein F is isobutyl; 1.33 Any
of formulae 1.4-1.26, wherein F is haloCi -6alkyl (e.g., trifluoromethyl);
1.34 Any of formulae 1.4-1.26, wherein F is trifluoromethyl; 1.35 Any of
formulae 1.4-1.26, wherein F is aryl (e.g., phenyl); 1.36 Any of formulae
1.4-1.26, wherein F is phenyl; 1.37 Any of formulae 1.4-1.26, wherein F is
C3-8cycloalkyl optionally containing at least one atom selected from a
group consisting of N or O (e.g., cyclopentyl, cyclohexyl, piperidinyl,
pyrrolidinyl tetrahydro-2 Hpyran- 4-yl, morpholinyl); and optionally
substituted with (e.g., methyl or isopropyl), for example,
l-methylpyrrolidin-2-yl, ), for example, l-methylpyrrolidin-2-yl,
pyrrolidin-1-yl, pyrrolidin-2-yl, 1-methylpyrrolidin-2-yl, piperidin-2-yl,
l-methylpiperidin-2-yl, 1- ethylpiperidin-2-yl; 1.38 Any of formulae
1.4-1.26, wherein F is cyclopentyl or cyclohexyl; 1.39 Any of formulae
1.4-1.26, wherein F is 1-methylpyrrolidin-2-yl; 



1.40 Any of formulae 1.4-1 .26, wherein F is heteroaryl optionally
substituted with Ci^alkyl (e.g., pyridyl, (for example, pyrid-2-yl),
pyrimidinyl (for example, pyrimidin-2-yl), thiadiazolyl (for example,
l,2,3-thiadiazol-4- yl), diazolyl (e.g., pyrazolyl (for example,
pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl,
4-methylimidazolyl, l-methylimidazol-2-yl,), triazolyl (e.g.,
1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl
(e.g., 5-methyl-l,2,4-oxadiazol), pyrazolyl (e.g., pyrazol-1- yl), wherein
said heteroaryl is optionally substituted with halo (e.g., fluoro) or
haloCi_6alkyl; 1.41 Any of formulae 1.4-1.26, wherein F is pyrid-2-yl
optionally substituted with halo (e.g., fluoro); 1.42 Any of formulae 1.4-1
.26, wherein F is 6-fluoro-pyrid-2-yl; 1.43 Any of formulae 1.4-1.26,
wherein F is pyrimidinyl (for example, pyrimidin-2-yl); 1.44 Any of
formulae 1.4-1.26, wherein F is pyrazolyl (e.g., pyrazol-1-yl); 1.45 Any of
formulae 1.4-1.26, wherein F is triazolyl (e.g., 1,2,4-triazol-l-yl); 1.46
Any of formulae 1.4- 1.26, wherein F is diazolyl (e.g., pyrazolyl (for
example, pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl, 4-
methylimidazolyl, 1-methylimidazol-2-yl,); 1.47 Any of formulae 1.4-1.26,
wherein F is C-i -6alkyl-oxadiazolyl (e.g., 5- methyl- 1,2,4-oxadiazolyl);
1.48 Any of formulae 1.4-1.26, wherein F is amino (e.g., -NH2) ; 1.49 Any
of formulae 1.4-1.26, wherein F is Ci-6alkoxy; 1.50 Any of formulae
1.4-1.26, wherein F is -O-haloCi- alkyl (e.g., -O-CF 3); 1.51 Any of
formulae 1.1-1.26, wherein F is -C(O)-Ri 3; 1.52 Any of formulae 1.1-1.26,
wherein F is -N(Ri 4)(Ri 5) ; 1.53 Any of formulae 1.1-1.26, wherein F is
Ci-6alkylsulfonyl;1.54 Any of formulae 1.1-1 .26, wherein F is
methylsulfonyl or -S(O) 2CH3; 1.55 Formula I or any of 1.1-1.25, wherein R
is a substituted heteroarylaklyl, e.g., substituted with haloalkyl; 1.56
Formula I or any of 1.1- 1.25, wherein R3 is attached to the nitrogen on
the pyrrolo portion of Formula I and is a moiety of Formula A Formula A
wherein X, Y and Z are, independently, N or C, and R8, R9, Rn and Ri2 are
independently H or halogen (e.g., Cl or F); and Rio is halogen, alkyl,
cycloalkyl, haloalkyl (e.g., trifluoromethyl), aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or e.g., thiadiazolyl
(for example, 1,2,3-thiadiazol- 4-yl), diazolyl, triazolyl (e.g.,
1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl
(e.g., 5-methyl-l,2,4- oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), alkyl
sulfonyl (e.g., methyl sulfonyl), arylcarbonyl (e.g., benzoyl), or
heteroarylcarbonyl, alkoxycarbonyl, (e.g., methoxycarbonyl), aminocarbonyl;
preferably phenyl or pyridyl, e.g., 2-pyridyl; provided that when X, Y or X
is nitrogen, R8, R9 or Rio, respectively, is not present; 1.57 Formula
1.56, wherein R3 is a moiety of Formula A, R8, R9, Rn and Ri2 are each H
and Rio is phenyl; 1.58 Formula 1.56, wherein R3 is a moiety of Formula A,
R8, R9, Rn and R 2 are each H and Ri0 is pyridyl or thiadizolyl;1.59
Formula 1.56, wherein R is a moiety of Formula A, R , R9, Rn and Ri2 are
each H and R 0 is pyrid-2-yl optionally substituted with halo (e.g.,
fluoro); 1.60 Formula 1.56, wherein R3 is a moiety of Formula A and X, Y
and Z are all C; 1.61 Formula 1.56, wherein R!0 is pyrimidinyl; 1.62
Formula 1.56, wherein Ri is 5- fluoropyrmidinyl; 



1.63 Formula 1.56, wherein Rio is pyrazol- 1-yl; 1.64 Formula 1.56, wherein
Rio is 1,2,4-triazol-l-yl; 1.65 Formula 1.56, wherein Rio is aminocarbonyl;
1.66 Formula 1.56, wherein Ri0 is methylsulfonyl; 1.67 Formula 1.56,
wherein R i0 is 5-methyl- 1,2,4- oxadiazol-3-yl; 1.68 Formula 1.56, wherein
Rio is 5-fiuoropyrimidin-2-yl; 1.69 Formula 1.56, wherein Rio is
trifluoromethyl; 1.70 Formula 1.56, wherein R is a moiety of Formula A, X
and Z are C, and Y is N; 1.71 Formula I or any of 1.1-1.70, wherein R2 is
H; (e.g., isopropyl, isobutyl, neopentyl, 2-methylbutyl,
2,2-dimethylpropyl) wherein said alkyl group is optionally substituted with
halo (e.g., fluoro) or hydroxy (e.g., 1- hydroxypropan-2-yl,
3-hydroxy-2-methylpropyl); -Co-4alkyl-C 3- 8cycloalkyl (e.g., cyclopentyl,
cyclohexyl) wherein said cycloalkyl optionally contains one or more
heteroatom selected from N and O and said alkylcycloalkyl is optionally
substituted with one or more amine (e.g., -NH2), for example,
2-aminocyclopentyl or 2-aminocyclohexyl), Ci-6alkyl (e.g.,
l-methyl-pyrrolindin-2-yl, l-methyl-pyrrolindin-3-yl, 1-methylpyrrolindin-
2-yl-methyl or l-methyl-pyrrolindin-3-yl-methyl); C3- sheterocycloalkyl
(e.g., pyrrolidinyl, for example, pyrrolidin-3-yl) optionally substituted
with Ci^alkyl (e.g., methyl), for example, 1- methylpyrrolidin-3-yl;
C3-8cycloalkyl-Ci -6alkyl (e.g.,cyclopropylmethyl); haloCi -6alkyl (e.g.,
trifluoromethyl, 2,2,2-trifluoroethyl); -N(R ]4)(Ri 5)-Ci. alkyl (e.g.,
2-(dimethylamino)ethyl,2-aminopropyl);(e.g., (e.g.,
3-hydroxy-2-methylpropyl, l-hydroxyprop-2-yl); arylCo- alkyl (e.g.,
benzyl); heteroarylCi^alkyl (e.g., pyridinylmethyl); Ci- (e.g.,
4-methoxybenzyl); -G-J wherein: G is a single bond or, alkylene (e.g.,
methylene) and J is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-yl,
pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted with Ci^alkyl (e.g.,
(l-methylpyrolidin-2-yl)); 1.72 Formula 1.69, wherein R2 is H; 1.73 Formula
1.69, wherein R2 is Ci-6alkyl (e.g., isopropyl, isobutyl, neopentyl,
2-methylbutyl, 2,2-dimethylpropyl) wherein said alkyl group is optionally
substituted with halo (e.g., trifluoroethyl) or hydroxy (e.g., 1-
hydroxypropan-2-yl, 3-hydroxy-2-methy lpropy 1) ; 1.74 Formula 1.69,
wherein R2 is isobutyl; 1.75 Formula 1.69, wherein R2 is
3-hydroxy-2-methylpropyl; 1.76 Formula 1.69, wherein R2 is
l-hydroxypropan-2-yl; 1.77 Formula 1.69, wherein R2 is - C0-4alkyl-C
3-8cycloalkyl (e.g., cyclopentyl, cyclohexyl) wherein said cycloalkyl
optionally contains one or more heteroatom selected from N and O and is
optionally substituted with one or more amino (e.g., -NH2), for example,
2-aminocyclopentyl or 2- aminocyclohexyl), Ci- alkyl (e.g.,
l-methyl-pyrrolindin-2-yl, 1-methylpyrrolindin- 3-yl,
l-methyl-pyrrolindin-2-yl-methyl or 1-methylpyrrolindin- 3-yl-methyl); 1.78
Formula 1.69, wherein R2 is l-methyl-pyrrolindin-2-yl, 1-methylpyrrolindin-
3-yl, l-methyl-pyrrolindin-2-yl-methyl or 1-methylpyrrolindin- 3-yl-methyl;
1.79 Formula 1.69, wherein R2 is C^heterocycloalkyl (e.g., pyrrolidinyl,
for example, pyrrolidin-3-yl) optionally substituted with Ci-6alkyl (e.g.,
methyl), for example, l-methylpyrrolidin-3-yl or l-methylpyrrolidin-2-yl;
1.80 Formula 1.69, wherein R2 is l-methylpyrrolidin-3-yl; 1.8 1 Formula
1.69, wherein R2 is Cs.gcycloalkyl-Ci- alkyl (e.g.,cyclopropylmethyl);1.82
Formula 1.69, wherein R2 is -N(R 14)(R 15)-Ci -6alkyl (e.g., 2-
(dimethylamino)ethyl, 2-aminopropyl); 1.83 Formula 1.69, wherein R2 is
heteroarylCi -6alkyl (e.g., pyridinylmethyl), 



1.84 Formula 1.69, wherein R2 is Ci-6alkoxyarylCi^alkyl (e.g., 4-
methoxybenzyl; 1.85 Formula 1.69, wherein R2 is arylCo-alkyl (e.g.,
benzyl); 1.86 Formula 1.69, wherein R2 is cyclopentyl or cyclohexyl; 1.87
Formula I or any of 1.1-1.70, wherein R2 is -G-J; G is a single bond or,
alkylene (e.g., methylene); and J is cycloalkyl or heterocycloalkyl (e.g.,
oxetan-2-yl, pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted with Ci.
6alkyl (e.g., (l-methylpyrolidin-2-yl)); 1.88 Formula 1.87, wherein G is
alkylene (e.g., methylene); 1.89 Formula 1.87, wherein G is methylene; 1.90
Formula 1.87, wherein J is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-
yl, pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted with alkyl (e.g.,
1- methylpyrolidin-2-yl); 1.91 Formula 1.87, wherein J is oxetan-2-yl,
pyrolyin-3-yl, pyrolyin-2-yl; 1.92 Formula 1.87, wherein J is
(l-methylpyrolidin-2-yl); 1.93 Any of the preceding formulae wherein R4 and
R5 are independently H, Ci- alkyl (e.g., methyl, isopropyl), C3-8cycloalkyl
(e.g., cyclopentyl), C sheterocycloalkyl (e.g., pyrrolidin-3-yl), or aryl
(e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol-3-yl)
wherein said aryl or heteroaryl is optionally substituted with halo (e.g.,
4-fluorophenyl), hydroxy (e.g., 4-hydroxyphenyl), Ci-6alkyl, Ci^alkoxy or
another aryl group (e.g., biphenyl-4-ylmethyl); 1.94 Formula 1.93, wherein
either R4 or R5 is H; 1.95 Formula 1.93, wherein either R4 or R is (e.g.,
methyl, isopropyl); 1.96 Formula 1.93, wherein either R4 or R5 is
isopropyl; 1.97 Formula 1.93, wherein either R4 or R5 is C3-8cycloalkyl
(e.g., cyclopentyl);1.98 Formula 1.93, wherein either R4 or R5 is
C^sheterocycloalkyl (e.g., pyrrolidin-3-yl); 1.99 Formula 1.93, wherein
either R4 or R5 is aryl (e.g., phenyl) optionally substituted with halo
(e.g., 4-fluorophenyl), hydroxy (e.g., 4- hydroxyphenyl), or another aryl
group (e.g., biphenyl-4-ylmethyl); 1.100 Formula 1.93, wherein either R4 or
R5 is 4-hydroxyphenyl; 1.101 Formula 1.93, wherein either R4 or R5 is
4-fluorophenyl; 1.102 Formula 1.93, wherein either R4 or R5 is heteroaryl
(e.g., pyrid-4-yl, pyrid- 2-yl or pyrazol-3-yl) optionally substituted with
halo (e.g., 4- fluorophenyl), hydroxy (e.g., 4-hydroxyphenyl), Ci-6alkyl,
Ci^alkoxy or another aryl group (e.g., biphenyl-4-ylmethyl); 1.103 Formula
1.93, wherein either R4 or R5 is phenyl; 1.104 Any of the foregoing
formulae, wherein RO is H, Ci-6alkyl (e.g., methyl) or C3-8cycloalkyl;
1.105 Formula 1.104, wherein R is H; 1.106 Formula 1.104, wherein R6 is
Ci-6alkyl (e.g., methyl); 1.107 Formula 1.104, wherein R6 is methyl; 1.108
Any of the foregoing formulae, wherein R13 is -N(Ri 4)(Ri 5), C -6alkyl
(e.g., methyl), -OCi -6alkyl (e.g., -OCH3), haloCi -6alkyl, aryl (for
example phenyl), or heteroaryl; 1.109 Formula 1.108, wherein R13 is -N(R
14)(Ri 5) (e.g., -NH2) 1.1 10 Formula 1.108, wherein R13 is Ci-6alkyl
(e.g., methyl); 1.1 11 Formula 1.108, wherein R13 is -OCi -6alkyl (e.g.,
-OCH3), 1.1 12 Formula 1.108, wherein R13 is -OCH3; 1.1 13 Formula 1.108,
wherein R13 is haloCi -6alkyl (e.g., trifluoromethyl); 1.1 14 Formula
1.108, wherein R13 is trifluoromethyl; 1:1 15 Formula 1.108, wherein R13 is
aryl (e.g., phenyl); 1.1 16 Formula 1.108, wherein R13 is heteroaryl (e.g.,
pyridiyl); 



1.1 17 Any of the preceding formulae, wherein Ri4 and Ri5 are independently
H or Ci^alkyl (e.g., methyl);1.1 18 Formula I or any of 1.1-1 . 1 17,
wherein either Ru or Ris is independently H; 1.1 19 Formula I or any of
1.1-1.1 17, wherein either Ri4 or R15 is Ci. alkyl (e.g., methyl); 1.120
Formula I or any of 1.1-1.1 17, wherein either R 14 or Ri5 is methyl; 1.121
any of the preceding formulae wherein compound of formula I is 1.122 any of
the preceding formulae wherein compound of formula I is 1.123 any of the
preceding formulae wherein R3 of formula I is 4- methoxybenzyl; 1.124 any
of the preceding formulae wherein R of formula I is 4-(6-fluoropyrid-
2-yl)benzyl; 1.125 any of the preceding formulae wherein -N(R4)(R ) of
formula I is phenylamino, hydroxyphenylamino or fluorophenylamino;any of
the preceding formulae wherein compound of formula I is selected from a
group consisting of:ORGANIC COMPOUNDS This application claims priority from
U.S. Provisional Application No. 61/120438, filed December 6, 2008, the
contents of which are hereby incorporated by reference in their entirety.
TECHNICAL FIELD [0001] The present invention relates to optionally
substituted 3-amino-4,5- dihydro-(l H or 2 )-pyrazolo[3,4-d]pyrimidin-6(7
H)-ones and their 4-imino or 4- thioxo derivatives, e.g., 3-amino-4-(thioxo
or imino)-4,5-dihydro-2 H-pyrazolo[3,4- d]pyrimidin-6(7 )-ones,
3-amino-4-(thioxo or imino)-4,5-dihydro-2//-pyrazolo[3,4- d]pyrimidin-6(7
)-ones, 3-amino-4-(thioxo or imino)-4,5-dihydro-l H-pyrazolo[3,4-
d]pyrimidin-6(7 )-ones, preferably, a compound of Formula I as described
below, processes for their production, their use as pharmaceuticals and
pharmaceutical compositions comprising them. Of particular interest are
novel compounds useful as inhibitors of phosphodiesterase 1 (PDEl), e.g.,
in the treatment of diseases involving disorders of the dopamine Dl
receptor intracellular pathway, such as Parkinson's disease, depression,
narcolepsy, damage to cognitive function, e.g., in schizophrenia, or
disorders that may be ameliorated through enhanced progesterone-signaling
pathway, e.g., female sexual dysfunction. BACKGROUND OF THE INVENTION
[0002] Eleven families of phosphodiesterases (PDEs) have been identified
but only PDEs in Family I, the Ca2+-calmodulin-dependent phosphodiesterases
(CaMPDEs), have been shown to mediate both the calcium and cyclic
nucleotide (e.g. cAMP and cGMP) signaling pathways. The three known CaM-PDE
genes, PDElA, PDElB, and PDElC, are all expressed in central nervous system
tissue. PDElA is expressed throughout the brain with higher levels of
expression in the CAl to CA3 layers of the hippocampus and cerebellum and
at a low level in the striatum. PDElA is also expressed in the lung and
heart. PDElB is predominately expressed in the striatum, dentate gyrus,
olfactory tract and cerebellum, and its expression correlates with brain
regions having high levels of dopaminergic innervation. Although PDElB is
primarily expressed in the central nervous system, it may be detected in
the heart.PDElC is primarily expressed in olfactory epithelium, cerebellar
granule cells, and striatum. PDElC is also expressed in the heart and
vascular smooth muscle. [0003] Cyclic nucleotide phosphodiesterases
decrease intracellular cAMP and cGMP signaling by hydrolyzing these cyclic
nucleotides to their respective inactive 5'-monophosphates (5'AMP and
5'GMP). CaM-PDEs play a critical role in mediating signal transduction in
brain cells, particularly within an area of the brain known as the basal
ganglia or striatum. For example, NMDA-type glutamate receptor activation
and/or dopamine D2 receptor activation result in increased intracellular
calcium concentrations, leading to activation of effectors such as
calmodulindependent kinase II (CaMKII) and calcineurin and to activation of
CaM-PDEs, resulting in reduced cAMP and cGMP. Dopamine Dl receptor
activation, on the other hand, leads to activation of nucleotide cyclases,
resulting in increased cAMP 



and cGMP. These cyclic nucleotides in turn activate protein kinase A (PKA;
cAMPdependent protein kinase) and/or protein kinase G (PKG; cGMP-dependent
protein kinase) that phosphorylate downstream signal transduction pathway
elements such as DARPP-32 (dopamine and cAMP-regulated phosphoprotein) and
cAMP responsive element binding protein (CREB). Phosphorylated DARPP-32 in
turn inhibits the activity of protein phosphates- 1 (PP-I), thereby
increasing the state of phosphorylation of substrate proteins such as
progesterone receptor (PR), leading to induction of physiologic responses.
Studies in rodents have suggested that inducing cAMP and cGMP synthesis
through activation of dopamine Dl or progesterone receptor enhances
progesterone signaling associated with various physiological responses,
including the lordosis response associated with receptivity to mating in
some rodents. See Mani, et al., Science (2000) 287: 1053, the contents of
which are incorporated herein by reference. [0004] CaM-PDEs can therefore
affect dopamine-regulated and other intracellular signaling pathways in the
basal ganglia (striatum), including but not limited to nitric oxide,
noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate (e.g., NMDA
receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g., A2A
receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP, CNP),
DARPP- 32, and endorphin intracellular signaling pathways. [0005]
Phosphodiesterase (PDE) activity, in particular, phosphodiesterase 1 (PDEl)
activity, functions in brain tissue as a regulator of locomotor activity
andlearning and memory. PDEl is a therapeutic target for regulation of
intracellular signaling pathways, preferably in the nervous system,
including but not limited to a dopamine Dl receptor, dopamine D2 receptor,
nitric oxide, noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate
(e.g., NMDA receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g.,
A2A receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP,
CNP) , endorphin intracellular signaling pathway and progesterone signaling
pathway. For example, inhibition of PDElB should act to potentiate the
effect of a dopamine Dl agonist by protecting cGMP and cAMP from
degradation, and should similarly inhibit dopamine D2 receptor signaling
pathways, by inhibiting PDEl activity. Chronic elevation in intracellular
calcium levels is linked to cell death in numerous disorders, particularly
in neurodegerative diseases such as Alzheimer's, Parkinson's and
Huntington's Diseases and in disorders of the circulatory system leading to
stroke and myocardial infarction. PDEl inhibitors are therefore potentially
useful in diseases characterized by reduced dopamine Dl receptor signaling
activity, such as Parkinson's disease, restless leg syndrome, depression,
narcolepsy and cognitive impairment. PDEl inhibitors are also useful in
diseases that may be alleviated by the enhancement of
progesterone-signaling such as female sexual dysfunction. [0006] There is
thus a need for compounds that selectively inhibit PDEl activity,
especially PDElA and/or PDElB activity. SUMMARY OF THE INVENTION [0007] The
invention provides optionally substituted 3-amino-(optionally 4-imino or
4-thioxo)-4,5-dihydro-(l H or 2//)-pyrazolo[3,4-d]pyrimidin-6(7 H)-ones and
their 4-imino and 4-thioxo derivatives, e.g., 3-amino-4-(thioxo or
imino)-4,5-dihydro-2 Hpyrazolo[ 3,4-d]pyrimidin-6(7 H)-ones,
3-amino-4-(thioxo or imino)-4,5-dihydro-l Hpyrazolo[ 3,4-d]pyrimidin-6(7
H)-ones or 3-amino-4,5-dihydro-l//-pyrazolo[3,4- d]pyrimidin-6(7 )-ones,
preferably (optionally 1 or 2 and/or 5 and/or 7 substituted)-
3-amino-(optionally 4-imino or 4-thioxo)-4,5-dihydro-(l//or
2H)-pyrazolo[3,4- d]pyrimidin-6-ones, more preferably a compound of formula
II:Formula II wherein (i) Q is -C(=S)-, -CC=N(R6))- or -C(R 14)(R 15)-;
(ii) R1 is H or C1-6alkyl (e.g., methyl or ethyl); (iii) R2 is H, C1-6alkyl
(e.g., isopropyl, isobutyl, 2-methylbutyl or 2,2- 



dimethylpropyl) wherein said alkyl group is optionally substituted with one
or more halo (e.g., fluoro) or hydroxy (e.g., hydroxyC 1-6alkyl, for
example 1-hydroxyprop-2-yl or 3-hydroxy-2-methylpropyl), haloCi -6alkyl
(e.g., trifluoromethyl or 2,2,2-trifluoroethyl), N(R 14)(R 15)-C 1-6alkyl
(e.g., 2-(dimethylamino)ethyl or 2- aminopropyl), arylC0-6alkyl (e.g.,
phenyl or benzyl), wherein said aryl is optionally substituted with one or
more C1-6alkoxy, for example, C1-6alkoxyarylC 0-6alkyl (e.g.,
4-methoxybenzyl), heteroarylCo-6alkyl (e.g., pyridinylmethyl), wherein said
heteroaryl is optionally substituted with one or more C1- 6alkoxy (e.g.,
C1-6alkoxyheteroarylC 1-6alkyl); -G-J wherein G is a single bond or
C1-6alkylene (e.g., methylene) and J is C3-8cycloalkyl or heteroC
3-8cycloalkyl (e.g., oxetan-2-yl, pyrrolidin-3-yl, pyrrolidin-2-yl) wherein
the cycloalkyl and heterocycloalkyl group are optionally substituted with
one or more C1-6alkyl or amino, for example,- C0-4alkyl-C3-8cycloalkyl
(e.g., -Co^alkyl-cyclopentyl, -Co^alkyl-cyclohexyl or
-Co^alkyl-cyclopropyl), wherein said cycloalkyl is optionally substituted
with one or more Ci-6alkyl or amino (for example, 2-aminocyclopentyl or
2-aminocyclohexyl), - C0-4alkyl-C3-8heterocycloalkyl (e.g., -
C0-4alkylpyrrolidinyl, for example, - C0-4alkylpyrrolidin-3-yl) wherein
said heterocycloalkyl is optionally substituted with Ci-6alkyl (e.g.,
methyl), for example, l-methylpyrrolidin-3-yl, 1-methylpyrrolindin- 2-yl,
1-methyl-pyrrolindin-2-yl-methyl or 1-methyl-pyrrolindin-3-yl-methyl); (iv)
R3 is 1) -D-E-F wherein: D is a single bond, Ci-6alkylene (e.g.,
methylene), or arylCi. 6alkylene (e.g., benzylene or -CH 2C6H4-); E is a
single bond, Ci^alkylene (e.g., methylene, ethynylene, prop-2-yn-lylene),
C0-4alkylarylene (e.g., phenylene or - C6H4- , -benzylene- or -CH 2C H4-),
wherein the arylene group is optionally substituted with halo (e.g., Cl or
F), heteroarylene (e.g., pyridinylene or pyrimidinylene), aminoCi-6alkylene
(e.g., -CH 2N(H)-), amino (e.g., -N(H)-); C3-8cycloalkylene optionally
containing one or more heteroatom selected from N or O (e.g.,
piperidinylene), F is H, halo (e.g., F, Br, Cl), Ci-6alkyl (e.g., isopropyl
or isobutyl), haloCi -6alkyl (e.g., trifluoromethyi),aryl (e.g., phenyl),
C3-8cycloalkyl optionally containing one or more atom selected from a group
consisting of N, S or O (e.g., cyclopentyl, cyclohexyl, piperidinyl,
pyrrolidinyl, tetrahydro-2 H-pyran-4-yl, or mof holinyl), and optionally
substituted with one or more Ci-6alkyl (e.g., 



methyl or isopropyl), for example, 1-methylpyrrolidin- 2-yl,
pyrrolidin-1-yl, pyrrolidin-2-yl, piperidin-2-yl, 1- methylpiperidin-2-yl,
1-ethylpiperidin-2-yl, heteroaryl (e.g., pyridyl (for example, pyrid-2-yl),
pyrimidinyl (for example, pyrimidin-2-yl), thiadiazolyl (for example,
l,2,3-thiadiazol-4-yl), diazolyl (e.g., pyrazolyl (for example,
pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl,
4-methylimidazolyl, 1- methylimidazol-2-yl)), triazolyl (e.g.,
1,2,4-triazol-lyl), tetrazolyl (e.g., tetrazol-5-yl), alkyloxadiazolyl
(e.g., 5-methyl-l,2,4-oxadiazol), wherein said heteroaryl is optionally
substituted with one or more C1- 6alkyl, halo (e.g., fluoro) or haloCi
-6alkyl; Ci-6alkoxy, -O-haloCi -6alkyl (e.g., -0-CF 3), C1-6alkylsulfonyl
(for example, methylsulfonyl or - S(O)2CH3), -C(O)-R 13 , wherein R13 is
-N(R 14)(R 15), C1-6alkyl (e.g., methyl), -OC, -6alkyl (e.g., -OCH3),
haloC,. 6alkyl (trifluoromethyl), aryl (e.g., phenyl), or heteroaryl; -N(R
14)(R 15); or 2) a substituted heteroarylCi. 6aklyl, e.g., substituted with
1IaIoC 1- 6alkyl; or 3) attached to one of the nitrogens on the pyrazolo
portion of Formula I and is a moiety of Formula AFormula A wherein: X, Y
and Z are, independently, N or C, R8, R.9, Rn and Ri2 are independently H
or halogen (e.g., Cl or F); and Rio is 10 halogen (e.g., fluoro or chloro),
Ci-6alkyl, C3-8cycloalkyl, heteroC3-8cycloalkyl (e.g., pyrrolidinyl or
piperidinyl), 15 haloCi -6alkyl (e.g., trifluoromethyl), aryl (e.g.,
phenyl) or heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or e.g.,
thiadiazolyl (for example, l,2,3-thiadiazol-4-yl), diazolyl, triazolyl
(e.g., 1,2,4-triazol-l-yl), tetrazolyl (e.g., 20 tetrazol-5-yl),
alkyloxadiazolyl (e.g., 5-methyl- 1,2,4-oxadiazol), pyrazolyl (e.g.,
pyrazol-1-yl), wherein said aryl, heteroaryl, cycloalkyl or
heterocycloalkyl is optionally substituted with one or more Ci-6alkyl
(e.g., methyl), halogen 25 (e.g., chloro or fluoro), haloCi_6alkyl (e.g.,
trifluoromethyl), hydroxy, carboxy, -SH, or an additional aryl or
heteroaryl (e.g., biphenyl or pyridylphenyl), C -6alkyl sulfonyl (e.g.,
methyl sulfonyl),arylcarbonyl (e.g., benzoyl), heteroarylcarbonyl,
Ci-6alkoxycarbonyl, (e.g., methoxycarbonyl), Aminocarbonyl, 



-N(R 14)(R 15); preferably Ri0 is phenyl, pyridyl, piperidinyl or
pyrrolidinyl optionally substituted with the substituents previously
defined, e.g. optionally substituted with halo or alkyl; provided that when
X, Y or X is nitrogen, R8, R or Ri0, respectively, is not present; (v) R4
and R are independently: H, Ci-6alkyl (e.g., methyl, isopropyl, isobutyl,
n-propyl), C3.8cycloalkyl (e.g., cyclopentyl or cyclohexyl),
C3.8heterocycloalkyl (e.g., pyrrolidinyl (for example pyrrolidin- 3-yl or
pyrrolidin-1-yl), piperidinyl (for example, piperidin- 1-yl), morpholinyl),
-C0-6alkylaryl (e.g., phenyl or benzyl) or -C0-6alkylheteroaryl (e.g.,
pyrid-4-yl, pyrid-2-yl or pyrazol-3- yi) wherein said aryl or heteroaryl is
optionally substituted with one or more halo (e.g., 4-fluorophenyl),
hydroxy (e.g., 4- hydroxyphenyl), Ci-6alkyl, Ci-6alkoxy or another aryl
group (e.g., biphenyl-4-ylmethyl); (vi) R is H, Ci-6alkyl (e.g., methyl or
ethyl) or C3-8cycloalkyl; (vii) R 4 and R 5 are independently H or
Ci-6alkyl, in free or salt form. [0008] In a particular embodiment, the
invention further provides compounds of Formula II as follows: 2.1 Formula
II or 2.1, wherein Q is -C(=S)-, -CC=N(R ))- or - C(R 14)(R 15)-; 2.2
Formula II or 2.1, wherein Q is -C(=S)-;2.3 Formula II or 2.1, wherein Q is
-CC=N(R6))-; 2.4 Formula II, wherein Q is -C(Ri4)(Ri 5)-; 2.5 Formula II or
any of 2.1-2.4, wherein Ri is H or Ci.6alkyl (e.g., methyl or ethyl); 2.6
Formula II or any of 2.1-2.5, wherein Ri is H; 2.7 Formula II or any of
2.1-2.5, wherein Ri is Ci-6alkyl (e.g., methyl or ethyl); 2.8 Formula II or
any of 2.4-2.7, wherein R2 is: H, Ci-6alkyl (e.g., isopropyl, isobutyl,
2-methylbutyl or 2,2- dimethylpropyl) wherein said alkyl group is
optionally substituted with one or more halo (e.g., fluoro) or hydroxy
(e.g., hydroxyCi- alkyl, for example l-hydroxyprop-2-yl or
3-hydroxy-2-methylpropyl), haloCi -6alkyl (e.g., trifluoromethyl or
2,2,2-trifluoroethyl), N(Ri 4)(Ri 5)-Ci -6alkyl (e.g.,
2-(dimethylamino)ethyl or 2- aminopropyl), arylC0-6alkyl (e.g., phenyl or
benzyl), wherein said aryl is optionally substituted with one or more
Ci-6alkoxy, for example, Ci-6alkoxyarylC 0-6alkyl (e.g., 4-methoxybenzyl),
heteroarylC 0-6alkyl (e.g., pyridinylmethyl), wherein said heteroaryl is
optionally substituted with one or more Ci- 6alkoxy (e.g., Ci-
alkoxyheteroarylCi- alkyl); -G-J wherein G is a single bond or Ci-6alkylene
(e.g., methylene) and J is C3-8cycloalkyl or heteroC 3-8cycloalkyl (e.g.,
oxetan-2-yl, pyrrolidin-3-yl, pyrrolidin-2-yl) wherein the cycloalkyl and
heterocycloalkyl group are optionally 



substituted with one or more Ci-6alkyl or amino, for example, -Co-4alkyl-C
3-8cycloalkyl (e.g., -Co^alkyl-cyclopentyl, - C0-4alkyl-cyclohexyl or -
C0-4alkyl-cyclopropyl), wherein said cycloalkyl is optionally
substitutedwith one or more Ci-6alkyl or amino (for example,
2-aminocyclopentyl or 2-aminocyclohexyl), -Co^alkyl-Cs-sheterocycloalkyl
(e.g., -Co-4alkylpyrrolidinyl, for example, - C0-4alkylpyrrolidin-3-yl) 5
wherein said heterocycloalkyl is optionally substituted with Ci-6alkyl
(e.g., methyl), for example, l-methylpyrrolidin-3-yl, 1-methylpyrrolindin-
2-yl, 1-methyl-pyrrolindin-2-yl-methyl or
1-methyl-pyrrolindin-3-yl-methyl); 10 2.9 Formula II or any of 2.4-2.8,
wherein R2 is: Ci-6alkyl (e.g., isopropyl, isobutyl, 2-methylbutyl or 2,2-
dimethylpropyl) wherein said alkyl group is optionally substituted with one
or more halo (e.g., fluoro) or hydroxy (e.g., hydroxyCi_6alkyl, for example
l-hydroxyprop-2-yl or 15 3-hydroxy-2-methylpropyl), haloCi- alkyl (e.g.,
trifluoromethyl or 2,2,2-trifluoroethyl), N(Ri 4)(Ri 5)-Ci-6alkyl (e.g.,
2-(dimethylamino)ethyl or 2- aminopropyl), arylC0-6alkyl (e.g., phenyl or
benzyl), wherein said aryl is 20 optionally substituted with one or more
Ci^alkoxy, for example, Ci-6alkoxyarylC0-6alkyl (e.g., 4-methoxybenzyl),
heteroarylC 0-6alkyl (e.g., pyridinylmethyl), wherein said heteroaryl is
optionally substituted with one or more Ci- 6alkoxy (e.g., Ci-
alkoxyheteroarylCi- alkyl); 25 -G-J wherein G is a single bond or
Ci-6alkylene (e.g., methylene) and J is C3-8cycloalkyl or
heteroC3-8cycloalkyl (e.g., oxetan-2-yl, pyrrolidin-3-yl, pyrrolidin-2-yl)
wherein the cycloalkyl and heterocycloalkyl group are optionally
substituted with one or more Ci-6alkyl or amino, for 30 example, -
C0-4alkyl-C3-8cycloalkyl (e.g., -Co^alkyl-cyclopentyl, - C0.
4alkyl-cyclohexyl or -Co-4alkyl-cyclopropyl), wherein said cycloalkyl is
optionally substituted with one or more Ci6alkyl or amino (for example,
2-aminocyclopentyl or 2- aminocyclohexyl), - C0^alkyl-C 3.8heterocycloalkyl
(e.g., -Co^alkyl-pyrrolidinyl, for example, - C0-4alkylpyrrolidin-3-yl)
wherein said heterocycloalkyl is optionally substituted with (e.g.,
methyl), for example, l-methylpyrrolidin-3-yl, 1- methyl-pyrrolindin-2-yl,
1-methyl-pyrrolindin-2-yl-methyl or l-methyl-pyrrolindin-3-yl-methyl); 2.10
Formula II or any of 2.4-2.8, wherein R2 is H; 2.1 1 Formula II or any of
2.4-2.9, wherein R2 is Ci-6alkyl (e.g., isopropyl, isobutyl, 2-methylbutyl
or 2,2-dimethylpropyl) wherein said alkyl group is optionally substituted
with one or more halo (e.g., fluoro) or hydroxy (e.g., hydroxyC 1-6alkyl,
for example 1- hydroxyprop-2-yl or 3-hydroxy-2-methylpropyl); 2.12 Formula
II or any of 2.4-2.9, wherein R2 is haloC 1-6alkyl (e.g., trifluoromethyl
or 2,2,2-trifluoroethyl); 2.13 Formula II or any of 2.4-2.9, wherein R2 is
N(Ri4)(Ri 5)-Ci -6alkyl (e.g., 2-(dimethylamino)ethyl,2-aminopropyl); 2.14
Formula II or any of 2.4-2.9, wherein R2 is arylC0-6alkyl (e.g., 



phenyl or benzyl), wherein said aryl is optionally substituted with one or
more Ci-6alkoxy, for example, Ci-6alkoxyarylC0-6alkyl (e.g., 4-methoxybenzy
1) ; 2.15 Formula II or any of 2.4-2.9, wherein R2 is heteroarylC 0-6alkyl
(e.g., pyridinylmethyl), wherein said heteroaryl is optionally substituted
with one or more Ci-6alkoxy (e.g., Ci- 6alkoxyheteroarylC i-6alkyl); 2.16
Formula II or any of 2.4-2.9, wherein R2 is -G-J wherein G is a single bond
or Ci-6alkylene (e.g., methylene) and J is C . 8cycloalkyl or
heteroC3-8cycloalkyl (e.g., oxetan-2-yl, pyrrolidin-3- yl, pyrrolidin-2-yl)
wherein the cycloalkyl and heterocycloalkyl group are optionally
substituted with one or more Ci-6alkyl or amino, for example:-
C0-4alkyl-C3-8cycloalkyl (e.g., -Co^alkyl-cyclopentyl, - C0.
4alkyl-cyclohexyl or -Co^alkyl-cyclopropyl), wherein said cycloalkyl is
optionally substituted with one or more Ci. 6alkyl or amino (for example,
2-aminocyclopentyl or 2- aminocyclohexyl), -Co^alkyl-Cs-sheterocycloalkyl
(e.g., - C0-4alkyl-pyrrolidinyl, for example, - C0-4alkylpyrrolidin-3-yl)
wherein said heterocycloalkyl is optionally substituted with Ci^alkyl
(e.g., methyl), for example, l-methylpyrrolidin-3-yl, 1-
methyl-pyrrolindin-2-yl, l-methyl-pyrrolindin-2-yl-methyl or
1-methyl-pyrrolindin-3-yl-methyl); 2.17 Formula II or any of 2.4-2.9,
wherein R2 is -G-J wherein G is a single bond and J is C3-8cycloalkyl or
heteroC3-8cycloalkyl (e.g., oxetan-2-yl, pyrrolidin-3-yl, pyrrolidin-2-yl)
wherein the cycloalkyl and heterocycloalkyl group are optionally
substituted with one or more Ci-6alkyl or amino; 2.18 Formula II or any of
2.4-2.9, wherein R2 is -G-J wherein G is Ci- 6alkylene (e.g., methylene)
and J is C3-8cycloalkyl or heteroC3. 8cycloalkyl (e.g., oxetan-2-yl,
pyrrolidin-3-yl, pyrrolidin-2-yl) wherein the cycloalkyl and
heterocycloalkyl group are optionally substituted with one or more
Ci-6alkyl or amino; 2.19 Formula II or any of 2.4-2.9, wherein R2 is -
C0-4alkyl-C3-8cycloalkyl (e.g., -C0-4alkyl-cyclopentyl, -
C0-4alkylcyclohexyl or -Co-4alkyl-cyclopropyl), wherein said cycloalkyl is
optionally substituted with one or more Ci-6alkyl or amino (for example,
2-aminocyclopentyl or 2-aminocyclohexyl), - C0-4alkyl-C3-8heterocycloalkyl
(e.g., -Co^alkyl-pyrrolidinyl, for example, -Co^alkylpyrrolidin-3-yl)
wherein said heterocycloalkyl is optionally substituted with Ci^alkyl
(e.g., methyl), for example, l-methylpyrrolidin-3-yl, 1-methylpyrrolindin-
2-yl, l-methyl-pyrrolindin-2-yl-methyl or 1-
methyl-pyrrolindin-3-yl-methyl); 2.20 Formula II or any of 2.4-2.9, wherein
R2 is 2,2-dimethylpropyl;2.21 Formula II or any of 2.4-2.9, wherein R2 is
isobutyl; 2.22 Formula II or any of 2.4-2.9, wherein R2 is
1-hydroxyprop-2-yl or 3-hydroxy-2-methylpropyl; 2.23 Formula II or any of
2.4-2.9, wherein R2 is cyclopentyl; 2.24 Formula II or any of 2.4-2.9,
wherein R2 is -Co^alkyl-pyrrolidinyl wherein the pyrrolidnyl is optionally
substituted with one or more Ci-6alkyl, e.g., l-methylpyrrolidin-3-yl,
1-methyl-pyrrolindin-2-yl, l-methyl-pyrrolindin-2-yl-methyl or
l-methyl-pyrrolindin-3-ylmethyl); 2.25 Formula II or any of 2.4-2.24,
wherein R3 is -D-E-F wherein: D is a single bond, 



Ci-6alkylene (e.g., methylene), or arylCi -6alkylene (e.g., benzylene or
-CH C6H4-); E is a single bond, Ci^alkylene (e.g., methylene, ethynylene,
prop-2-yn-lylene), C0-4alkylarylene (e.g., phenylene or - C6H4- ,
-benzylene- or -CH 2C6H4-), wherein the arylene group is optionally
substituted with halo (e.g., Cl or F), heteroarylene (e.g., pyridinylene or
pyrimidinylene), aminoCi -6alkylene (e.g., -CH N(H)-), amino (e.g.,
-N(H)-); C3-8cycloalkylene optionally containing one or more heteroatom
selected from N, S or O (e.g., piperidinylene), F is H, halo (e.g., F, Br,
Cl), Ci-6alkyl (e.g., isopropyl or isobutyl), haloCi -6alkyl (e.g.,
trifluoromethyl), aryl (e.g., phenyl),C3-8cycloalkyl optionally containing
one or more atom selected from a group consisting of N, S or O (e.g.,
cyclopentyl, cyclohexyl, piperidinyl, pyrrolidinyl,
tetrahydro-2H-pyran-4-yl, or mof holinyl), and optionally substituted with
one or more Ci-6alkyl (e.g., methyl or isopropyl), for example,
1-methylpyrrolidin- 2-yl, pyrrolidin-1-yl, pyrrolidin-2-yl, piperidin-2-yl,
1- methylpiperidin-2-yl, 1-ethylpiperidin-2-yl, heteroaryl (e.g., pyridyl
(for example, pyrid-2-yl), pyrimidinyl (for example, pyrimidin-2-yl),
thiadiazolyl (for example, l,2,3-thiadiazol-4-yl), diazolyl (e.g.,
pyrazolyl (for example, pyrazol-1-yl) or imidazolyl (for example,
imidazol-1-yl, 4-methylimidazolyl, 1- methylimidazol-2-yl)), triazolyl
(e.g., 1,2,4-triazol-lyl), tetrazolyl (e.g., tetrazol-5-yl),
alkyloxadiazolyl (e.g., 5-methyl-l,2,4-oxadiazol), wherein said heteroaryl
is optionally substituted with one or more C1- 6alkyl, halo (e.g., fluoro)
or haloC 1-6alkyl; Ci-6alkoxy, -O-haloC 1-6alkyl (e.g., -0-CF 3), C -
alkylsulfonyl (for example, methylsulfonyl or - S(O)2CH3), -C(O)-R13 ,
wherein R13 is -N(R 14)(R 15), C1-6alkyl (e.g., methyl), -OCi-6alkyl (e.g.,
-OCH3), haloCi -6alkyl (trifluoromethyl), aryl (e.g., phenyl), or
heteroaryl, -N(R14)(R15) ; 2.26 Formula 2.25, wherein R13 is -N(Ri 4XRi5)
Ci-6alkyl (e.g., methyl), -OCi-6alkyl (e.g., -OCH3), haloCi -6alkyl
(trifluoromethyl), aryl (e.g., phenyl), or heteroaryl; 2.27 Formula 2.25,
wherein D is Ci-6alkylene (e.g., methylene), E is C3- 8cycloalkylene
optionally containing one or more heteroatom selected from N, S or O (e.g.,
piperidinylene) and F is Ci^alkyl (e.g., isopropyl or isobutyl), for
example, R is isopropylpiperidin1-ylmethyl; 2.28 Formula II or any of
2.4-2.24, wherein R3 is a substituted heteroarylC 0-6aklyl, e.g.,
substituted with haloCi -6alkyl, for example; 



2.29 Formula II or any of 2.4-2.24, wherein R3 is attached to one of the
nitrogens on the pyrazolo portion of Formula I and is a moiety of Formula A
Formula A wherein: X, Y and Z are, independently, N or C, R8, R9, Rn and R
2 are independently H or halogen (e.g., Cl or F); and Rio is halogen (e.g.,
fluoro or chloro), C,.6alkyl, C3-8cycloalkyl, heteroC3-8cycloalkyl (e.g.,
pyrrolidinyl or piperidinyl), haloCi -6alkyl (e.g., trifluoromethyl), aryl
(e.g., phenyl) or heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or
e.g., thiadiazolyl (for example, l,2,3-thiadiazol-4-yl), diazolyl,
triazolyl (e.g., 1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl),
alkyloxadiazolyl (e.g., 5-methyl- 1,2,4-oxadiazol), pyrazolyl (e.g.,
pyrazol-1-yl), wherein said aryl, heteroaryl, cycloalkyl or
heterocycloalkyl is optionally substituted withone or more Ci-6alkyl (e.g.,
methyl), halogen (e.g., chloro or fluoro), (e.g., trifluoromethyl),
hydroxy, carboxy, -SH or an additional aryl or heteroaryl (e.g., biphenyl
or pyridylphenyl) Ci-6alkyl sulfonyl (e.g., methyl sulfonyl), arylcarbonyl
(e.g., benzoyl), heteroarylcarbonyl, C1-6alkoxycarbonyl, (e.g.,
methoxycarbonyl), aminocarbonyl -N(R 14)(R 15); preferably Ri0 is phenyl or
pyridyl, e.g., 2-pyridyl, optionally substituted with one or more Ci-6alkyl
(e.g., methyl), halogen (e.g., chloro or fluoro), haloCi -6alkyl (e.g.,
trifluoromethyl), hydroxy, carboxy, -SH or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl); provided that when X, Y or X is
nitrogen, R8, R9 or Ri0, respectively, is not present; 2.30 Formula 2.29,
wherein X, Y and/or Z are independently nitrogen and R8, R9, Ri1 and R 2
are H provided that when X, Y or Z are nitrogen, R8, R and Rio,
respectively, are not present; 2.3 1 Formula 2.29, wherein R3 is X, Y and Z
are C, R8, R9, Ri1 and Ri2 are H; 2.32 Formulae 2.29, 2.30 or 2.31, wherein
Rio is halogen (e.g., fluoro or chloro), C,-6alkyl, C3.8cycloalkyl, heteroC
3-8cycloalkyl (e.g., pyrrolidinyl or piperidinyl), haloCi-6alkyl (e.g.,
trifluoromethyl), aryl (e.g., phenyl) or heteroaryl (e.g., pyridyl, (for
example, pyrid-2-yl) or e.g., thiadiazolyl (for example, 1,2,3-
thiadiazol-4-yl), diazolyl, triazolyl (e.g., 1,2,4-triazol-l-yl),tetrazolyl
(e.g., tetrazol-5-yl), alkyloxadiazolyl (e.g., 5- 



methyl-l,2,4-oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), wherein said aryl,
heteroaryl, cycloalkyl or heterocycloalkyl is optionally substituted with
one or more Ci-6alkyl (e.g., methyl), halogen (e.g., chloro or fluoro),
haloCi -6alkyl (e.g., trifluoromethyl), hydroxy, carboxy, -SH or an
additional aryl or heteroaryl (e.g., biphenyl or pyridylphenyl), Ci-6alkyl
sulfonyl (e.g., methyl sulfonyl), arylcarbonyl (e.g., benzoyl),
heteroarylcarbonyl, Ci-6alkoxycarbonyl, (e.g., methoxycarbonyl),
aminocarbonyl, -N(R14)(R15); 2.33 Any of formulae 2.29-2.32, wherein Ri0 is
halogen (e.g., fluoro or chloro); 2.34 Any of formulae 2.29-2.32, wherein
Ri0 is haloC 1-6alkyl (e.g., trifluoromethyl); 2.35 Any of formulae
2.29-2.32, wherein R 0 is C3-8cycloalkyl; 2.36 Any of formulae 2.29-2.32,
wherein Ri0 is Ci-6alkyl sulfonyl (e.g., methyl sulfonyl); 2.37 Any of
formulae 2.29-2.32, wherein Ri0 is arylcarbonyl (e.g., benzoyl); 2.38 Any
of formulae 2.29-2.32, wherein Ri0 is heteroarylcarbonyl; 2.39 Any of
formulae 2.29-2.32, wherein Ri0 is Ci-6alkoxycarbonyl, (e.g.,
methoxycarbonyl); 2.40 Any of formulae 2.29-2.32, wherein Ri0 is
aminocarbonyl; 2.41 Any of formulae 2.29-2.32, wherein Ri0 is aryl (e.g.,
phenyl), wherein said aryl is optionally substituted with one or more Ci-
6alkyl (e.g., methyl), halogen (e.g., chloro or fluoro), haloCi -6alkyl
(e-g- trifluoromethyl), hydroxy, carboxy, -SH or an additional aryl or
heteroaryl (e.g., biphenyl); 2.42 Any of formulae 2.29-2.32, wherein Rio is
heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or e.g., thiadiazolyl
(for example, 1,2,3-thiadiazol-4-yl), diazolyl, triazolyl (e.g.,
1,2,4-triazol-l-yl), tetrazolyl (e.g., tetrazol-5-yl), alkyloxadiazolyl
(e.g., 5-methyl- 1,2,4-oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), wherein
said heteroaryl is optionally substituted with one or more Ci-6alkyl (e.g.,
methyl), halogen (e.g., chloro or fluoro), haloCi -6alkyl (e.g.,
trifluoromethyl), hydroxy, carboxy, -SH or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl); 2.43 Any of formulae 2.29-2.33, wherein
Ri0 is triazolyl (e.g., 1,2,4- triazol-l-yl); 2.44 Any of formulae
2.29-2.33, wherein Rio is pyridyl (e.g., pyrid-2- yi); 2.45 Any of formulae
2.29-2.32, wherein R10 is -N(Ri4)(Ri 5) ; 2.46 Formula II or any of
2.1-2.45, wherein R4 and R5 are independently: H, Ci-6alkyl (e.g., methyl,
isopropyl, isobutyl, n-propyl), C3-8cycloalkyl (e.g., cyclopentyl or
cyclohexyl), C3-8heterocycloalkyl (e.g., pyrrolidinyl (for example
pyrrolidin-3-yl or pyrrolidin-1-yl), piperidinyl (for example,
piperidin-1-yl), morpholinyl), -C0-6alkylaryl (e.g., phenyl or benzyl) or -
C0. 6alkylheteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol- 3-yl)
wherein said aryl or heteroaryl is optionally substituted with one or more
halo (e.g., 4-fluorophenyl), 



hydroxy (e.g., 4-hydroxyphenyl), Ci^alkyl, Ci-6alkoxy or another aryl group
(e.g., biphenyl-4-ylmethyl); 2.47 Formula II or any of 2.1-2.46, wherein R4
and R5 as described in Formula II above. 2.48 Formula 2.47, wherein R4 or R
is H; 2.49 Formula 2.47 or 2.48, wherein R4 or R5 is Ci-6alkyl (e.g.,
methyl, isopropyl, isobutyl, n-propyl); 2.50 Any of formulae 2.47-2.49,
wherein either R or R5 is C3- 8cycloalkyl (e.g., cyclopentyl or
cyclohexyl);2.51 Any of formulae 2.47-2.50, wherein either R4 or R5 is C3.
sheterocycloalkyl (e.g., pyrrolidinyl (for example pyrrolidin-3-yl or
pyrrolidin-1-yl), piperidinyl (for example, piperidin-1-yl), morpholinyl);
2.52 Any of formulae 2.47-2.5 1, wherein either R or R5 is -Coalkylaryl
(e.g., phenyl or benzyl) or - Co-6alkylheteroaryl (e.g., pyrid-4-yl,
pyrid-2-yl or pyrazol-3-yl) wherein said aryl or heteroaryl is optionally
substituted with one or more halo (e.g., 4- fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), Ci-6alkyl, Q - 6alkoxy or another aryl group (e.g.,
biphenyl-4-ylmethyl); 2.53 Formula 2.47, wherein R4 or R5 is H or Ci-6alkyl
(e.g., methyl, isopropyl, isobutyl, n-propyl), and the other is Ci-6alkyl
(e.g., methyl, isopropyl, isobutyl, n-propyl), C3-8cycloalkyl (e.g.,
cyclopentyl or cyclohexyl), C3-8heterocycloalkyl (e.g., pyrrolidinyl (for
example pyrrolidin- 3-yl or pyrrolidin-1-yl), piperidinyl (for example,
piperidin- 1-yl), morpholinyl), -C0-6alkylaryl (e.g., phenyl or benzyl) or
- C0-6alkylheteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol-3-yl)
wherein said aryl or heteroaryl is optionally substituted with one or more
halo (e.g., 4-fluorophenyl), hydroxy (e.g., 4- hydroxyphenyl), Ci-6alkyl,
Ci-6alkoxy or another aryl group (e.g., biphenyl-4-ylmethyl); 2.54 Any of
formulae 2.47-2.53, wherein either R4 or R5 is phenyl optionally
substituted with one or more halo (e.g., 4-fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), Ci- alkyl, Ci-6alkoxy or another aryl group (e.g.,
biphenyl-4-ylmethyl); 2.55 Any of formulae 2.47-2.53, wherein either R4 or
R5 is 4- fluorophenyl; 2.56 Any of formulae 2.47-2.53, wherein either R4 or
R5 is 4- hydroxyphenyl; 2.57 Any of formulae 2.47-2.53, wherein either R4
or R5 is C3- 8cycloalkyl (e.g., cyclopentyl or cyclohexyl),2.58 Any of
formulae 2.47-2.53, wherein either R4 is H and R5 is phenyl optionally
substituted with one or more halo (e.g., 4-fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), Ci-6alkyl, C -6alkoxy or another aryl group (e.g.,
biphenyl-4-ylmethyl); 2.59 Any of the preceding formulae wherein R is H,
Ci-6alkyl (e.g., methyl or ethyl) or C3-8cycloalkyl; 2.60 Any of the
preceding formulae wherein R6 is C3-8cycloalkyl; 2.61 Any of the preceding
formulae wherein R6 is H; 2.62 Any of the preceding formulae wherein R is
Ci-6alkyl (e.g., methyl or ethyl); 2.63 Any of the preceding formulae
wherein the compound is selected from any of the following:SYSTEM AND
METHOD FOR CONTROLLING FIRED HEATER OPERATIONS FIELD OF THE INVENTION
[0001] The present invention relates to methods and systems for safely and
reliably 



reducing NOx emissions in fired heaters using fuel gas. In particular, the
present invention relates to the control of the fired heater provide safe
and reliable operation while reducing NOx emissions. BACKGROUND OF THE
INVENTION [0002] Combustion devices in chemical processing and
petrochemical production and refining operations are a major source of NOx
emissions. Adiabatic flame temperature reduction is one method of reducing
NOx emissions. Efforts to reduce flame temperature, such as increasing the
air/fuel ratio and introducing flame diluents to the flame can lead to
unstable flames, flame extinction, or flame blow-out that can create
potentially dangerous operating conditions (e.g., flooding of the
combustion device with unspent fuel). [0003] Flame stability or instability
sensors have been developed, and their use in combustion system control
systems has been proposed. Increasing the air flow to provide fuel lean
operation of the combustion device has also been proposed. However,
exclusive reliance on air to reduce flame temperature presents its own set
of challenges. For example, air contains a significant amount of oxygen,
which is an oxidizing agent. If fuel is introduced to the air stream at an
inappropriate location, this can create conditions for flame instability
and/or a "flame out" to occur. Inunstable and/or "flame out" conditions,
the flame is either partly or fully extinguished such that flammable gas
enters the furnace, potentially resulting in an explosion. This scenario is
applicable to all fired heaters regardless of the process function or any
scheme being employed to reduce NOx emissions. [0004] There remains a need
to achieve NOx reduction in combustion devices while maintaining a stable
flame and safe operating conditions for the combustion device. SUMMARY OF
THE INVENTION [0005] It has been found that NOx reduction can be achieved
via use of flame diluents, while maintaining stable operation when the
process control strategy is constrained by a flame stability sensor (e.g.,
Wavelength Modulated Tunable Diode Laser (TDL) sensors, pressure sensors,
machine vision sensor systems, and other technologies that can be used
detect flame instability). The present application provides a method for
controlling the operation of a fired heater, which provides for safe
operation of the heater while reducing NOx emissions and avoiding flame out
conditions. The method includes by providing a flow system with means to
control the flow of fuel and diluent at a determined volume ratio to a
flame in the combustion device, providing a flame stability sensor to
generate a measurement of a direct or indirect characteristic of a flame or
flames related to flame stability, controlling the determined volume ratio
of fuel.diluent fed to the combustion device as constrained by at least one
of (i) a threshold value from at least one measurement from at least one
flame stability sensor and (ii) a threshold volume ratio of fuel:diluent as
measured from at least one flow sensor on each of the fuel source and
diluent source in the flow system.[0006] In one particular embodiment, the
diluent is selected from one or more of nitrogen, steam (e.g., superheated
steam), recycled combustion gas, carbon dioxide or other inert fluid (e.g.,
helium or argon). In a preferred embodiment, the diluent includes
superheated steam and/or recycled combustion gas. In a further embodiment,
the amount of diluent and/or fuel fed to the combustion device is adjusted
based on a real-time control constraint that employs at least one flame
stability sensor (i.e., laser optical sensor, pressure sensor, machine
vision sensor system, etc.). In accordance with one aspect of the
invention, the flame sensor is an acoustic sensor. Preferably, the acoustic
sensor is a pressure sensor. The pressure sensor is preferably a pressure
differential sensor. In accordance with another aspect of the present
invention, the flame stability sensor is a machine vision sensor system.
The machine vision sensor system preferably includes at least one camera.
In accordance with yet another aspect of the invention, the flame sensor is
a laser optical sensor. The laser optical sensor may be a wavelength
modulated tunable diode laser (TDL) sensor system tuned to monitor one or
more pre-selected wavelengths (e.g., about 1.4 mm corresponding to discrete
H O absorption features). 



[0007] Another aspect of the present application provides a combustion
system that includes a combustion device, a fuel source, a diluent source,
a flow system in communication with the fuel source and the diluent source
to provide a flow of fuel and diluent at a determined volume ratio to a
flame in the combustion device, a flame stability sensor to generate a
measurement of a direct or indirect characteristic of the flame that
changes as a function of flame stability, flame instability, and/or the
approach to lean blowout (LBO), and at least one controller to control the
determinedvolume ratio of fuel: diluent as constrained by a flame stability
threshold value or values derived from one or more flame stability sensors
and/or a volume ratio of fuel:diluent threshold value derived from at least
one flow sensor on each of the fuel source and diluent source in the flow
system. The combustion system controls the operation of the fired heater
resulting in safe operation while reducing NOx emissions. BRIEF DESCRIPTION
OF THE DRAWINGS [0008] Figure 1 sets forth information about a
wavelength-multiplexed, wavelength modulated TDL Sensor that can be used in
methods and systems of the present application. [0009] Figure 2 provides a
non-limiting example of a combustion device that depicts different
preferred tap locations for various flame stability sensor types. [0010]
Figure 3 shows the results of CO and NOx emissions of a combustion device,
as increasing amounts of the diluent carbon dioxide is fed to the flame.
[0011] Figures 4A and 4B plot the amount of NOx emission and the
instability output, F, based on the fraction of CO added to the fuel
stream. The instability output, F, is derived from the TDL Sensor described
in Figure 1.. [0012] Figure 5 exhibits NOx emissions measured from the flue
gas of a combustion device for various steam to fuel ratios. [0013] Figure
6 displays normalized flame instability outputs derived from pressure
sensors and a machine vision sensor system employing a high-temperature
furnacecamera used to monitor flame stability in a combustion device with
increasing fractions of steam added to the fuel gas, as set forth in Figure
5, over time. DETAILED DESCRIPTION OF THE INVENTION Definitions [0014] As
used herein, the term "diluent" refers to any fluid that is not flammable
(or in one embodiment, substantially not flammable) and is not an oxidizing
element or agent, or any mixture of fluids that does not contain a
flammable component and does not contain an oxidizing element or agent as a
component. Because air generally contains about 2 1 vol% of oxygen as a
component, which is an oxidizing element, it is understood that air is not
a diluent as that term is used herein. [0015J As used herein, the term
"fuel" refers to any fluid that is flammable material. Non-limiting
examples of fuels include, but are not limited to, natural gas, refinery
gas, gasoline, flammable or combustible volatile organic compounds or other
flammable/combustible waste products from a chemical processing or
petrochemical refining operations, biomass-derived fuels, coal gas or other
hydrocarbon-based flammable/combustible substances. [0016] As used herein,
the "volume ratio of fuehdiluent" excludes air. As noted above, air is not
a diluent as that term is used in this application. The volume ratio of
fuel:dilucnt is the volume of all fuels fed to the flame for a given time
period (numerator) / the volume of all diluents fed to the flame for that
same given timeperiod (denominator). This definition also applies to the
converse relationship for the volume ratio of diluent: fuel. [0017] As used
herein, the term "near-infrared region" refers to a wavelength from about
0.7 mm to about 1.6 mm. [0018] As used herein, the term "flame stability
sensor" refers to any device or collection of devices configured to provide
an actionable signal that gives an indication as to the state of stability,
instability, and/or likelihood of a flame to be extinguished or blow-out
based on a measured characteristic, either directly or indirectly, of a
flame or flames by the sensor and/or sensor system used. The devices
include but are not limited to optical sensors, acoustic sensors, and
machine vision 



sensors. Although the present specification describes specific examples of
flame stability sensors below, it is understood that such descriptions are
provided for purposes of illustration and is not limited to the examples
given. In various embodiments of the present application, any flame
stability sensor, including flame stability sensors and/or flame monitoring
sensors known in the art and yet not discussed herein, can be used in the
methods and systems of the present application. It is also contemplated
that the devices described herein may be used alone or in combination with
each other (e.g., multiple optical sensors, multiple pressure sensors,
machine vision sensors (e.g., camera), optical sensors in combination with
pressure and/or machine vision sensors, pressure sensors in combination
with acoustic and/or optical sensors, etc.) to produce the effect of safe
operation and NOx reduction. [0019| Reference will now be made to various
aspects of the present application inview of the definitions above. In
addition, it is to be understood that the terms "stability" or
"instability" can be used interchangeably and describe the same desired
function for a "flame stability sensor" as described herein. [0020] One
aspect of the present application provides a method of operating a
combustion device (e.g., a furnace, a boiler, etc.) that results in a safe
operation and a reduction in NOx emissions The method includes providing a
flow of fuel and diluent at a determined volume ratio to a flame in the
combustion device, providing a flame stability sensor to generate a
measurement of a characteristic of the flame that varies as a function of
flame stability, and controlling the determined volume ratio of
fuel:diluent as constrained by at least one of (i) a threshold value from
one or more measurements from one or more flame stability sensors and (ii)
a threshold volume ratio of fuel:diluent as measured from at least one flow
sensor on each of the fuel source and diluent source in the flow system.
[0021] The diluent generally is a substance that is inert and is not
flammable and is not an oxidizing element or agent. Examples of suitable
diluents include one or more of the following substances, nitrogen, steam
(e.g., superheated steam), carbon dioxide, recycled combustion gas or a
combination thereof. In one embodiment, the diluent comprises at least 80%
by volume of nitrogen. In an alternative embodiment, the diluent component
of the volume ratio of fuel:diluent comprises at least 1% by volume of
carbon dioxide. In one embodiment, the fluid is selected from one of, or
two of, superheated steam, recycled combustion gas and nitrogen. [0022] As
noted above, the flame stability sensor generally includes any
deviceconfigured to provide an indication as to state of stability or
instability of a flame or flames and/or the likelihood of a flame or flames
to be extinguished or blow-out based on a direct or indirect measured
characteristic of a flame or flames. Such characteristics include one or
more of: flame ionization, flame shape, flame color, flame intensity, flame
mixing patterns, flame composition, flame temperature, smoke associated
with the flame, acoustic noise, and/or light emitted from a flame or flames
and/or burner tile. The devices include but are not limited to optical
sensors, acoustic sensors, and machine vision sensors. For example, but not
limitation, the flame stability sensor is an optical sensor, such as an
optical sensor that includes a laser. Preferably, the optical sensor
employs one or more tunable diode lasers (TDLs) tuned to a pre-selected
wavelength or wavelengths in the near-infrared region, such as those
wavelengths corresponding to H2O absorption features. In an another
embodiment, the flame stability sensor is an acoustic sensor, such as a
pressure sensor. Preferably, the pressure sensor is a differential pressure
sensor that is implemented to monitor statistical fluctuations of acoustic
noise from a flame or flames within a combustion device. In another
embodiment, the flame stability sensor is a machine vision sensor system
having at least one camera. [0023] A variety of techniques are suitable to
control and/or constrain the volume ratio of fuel:diluent using at least
one measurements from one or more flame stability sensors. For example, the
process control can include decreasing the volume ratio of fuel:diluent as
limited by a predetermined critical flame instability threshold. In one
non-limiting embodiment, the flame instability threshold (Fxhreshoid) is a
predetermined value derived from calculation of a flame stability factor,
F, which in this example, isa computed result from the analysis of
frequency content in the measured signal of a 



flame stability sensor via the following equation: Equation (1) Where F is
the flame stability factor, also defined as the fraction of frequency
content value for equation 1, is determined by the ratio of the sum of
frequency content for two specified frequency ranges from a frequency
spectrum,// to/, and/ mjn to/n ac, such that/ nin <ft <f h f max- is a time
varying measurement signal from the flame stability sensor system. FT
denotes a short-time Fourier transform performed on R from a rolling
initial point in time of the measurement, " to a rolling final point in
time of the measurement, tb such that , < / . C represents a scalar value
that can be used to manipulate the amplitude of F, which can vary
functionally as: c (R) Equation (2) Where the role of C can be used to
normalize or scale For cancel out the function of the denominator defined
in Equation 1. In one non-limiting embodiment, a flame instability
threshold (Fr hreshoid) is based on the ratio, R, of the demodulated
signals from one or more of the TDLs: oe 2/71/ Equation (3)Where If and 2f
refer to the signals detected at the first and second harmonic,
respectively, of the modulation frequency. In one non-limiting example, F
is computed as ~ 0.02 for stable flames using Equation 1, where R follows
Equation 3, C = 1, f t and f h are 1 and 5 Hz, respectively, f mi,, and f
max are 1 and 2,000 Hz, respectively, and F is -lwhen the flame approaches
LBO. [0024] A flame instability threshold value, Fthreshoid, can be derived
via several methods from the measurement output of at least one flame
instability sensor. In one non-limiting embodiment, a minimum criterion to
define an FThreshoid value is based upon three times the standard deviation
of the measurement output from the flame stability sensor under stable
operating conditions with or without diluent addition. Preferably, the
stable operating condition to base the definition of Fxhreshoid is in an
operation with diluent addition and comprises at least 10 seconds of
measurement data. Alternatively, the minimum Fthreshoid value is based on
six times the standard deviation of the measurement output from at least
one flame stability sensor during a stable operation period of the
combustion device. In practice, a larger F hreshoid may be required to
minimize detection of spurious events for a given combustion device. In the
example cited above with F ~ 0.02 for a stable flame, an Fr hreshoid of
approximately 0.03 could provide a control constraint on the volume ratio
of fuel:diluent fed to the flame such that a potentially unsafe condition
would be avoided. [0025] In an alternative non-limiting embodiment, an
Fjhreshoid value is defined based on the knowledge of the system response
over the range of operation from stable to LBO. In the example above, where
the stable flame is characterized by F~0. 02 andLBO occurs at F-0. 10, a
value o f Fthreshoid can be chosen between these values to ensure both low
NOx emissions and safe operation. In a preferred embodiment of this
example, F-mreshoid ~ 0.03-0.05. More generally, if the flame response
between stable and LBO operation is normalized on a scale between 1 and 10,
with F rmal zed = 1 for a stable flame and FnOrmai zed= 10 for LBO,
Fthreshoid is chosen in a preferred embodiment to be between 1.5 and 5 on
this normalized scale. [0026] In an alternative non-limiting embodiment,
the control of and/or constraint of the volume ratio of fuel:diluent
includes adjusting the flow of the fuel from a fuel source and/or adjusting
the flow of the diluent from a diluent source. Preferably, the control of
the fuel:diluent ratio is performed in real-time and is constrained by a
threshold measurement obtained from one or more flame stability sensors
(i.e., a Fthreshoid value of 0.03 as measured by a Wavelength Modulated TDL
sensor). More preferably, the control of the fuel.diluent ratio is
performed in real-time and is to be constrained by (i) a threshold
measurement from one or more flame stability sensors and (ii) a threshold
volume ratio of fuel:diluent as derived from at least one flow sensor on
each o f the fuel source and diluent source in the flow system. [0027J In
accordance with another aspect of the present application, a combustion
system is provided that includes a combustion device (e.g., a furnace,
boiler, etc), a 



fuel source, a diluent source, a flow system in communication with the fuel
source and the diluent source to provide a flow of fuel and diluent at a
determined volume ratio to a flame in the combustion device, at least one
flame stability sensor generates one or more measurements of at least one
characteristic of a flame or flames, and at least one controller to control
the determined volume ratio o f fuel:diluent based uponand/or constrained
by at least one threshold value from one or more measurements from one or
more flame stability sensors and/or a threshold volume ratio of
fuel:diluent as measured by at least one flow measurement from each of the
fuel source and the diluent source. The combustion system in accordance
with the present invention provides safe, reliable and stable operation of
the flame while reducing NOx emission from the combustion system. [0028] As
with the method described above, the flame stability sensor or sensors
employed in the combustion system can be, for purpose of illustration and
not limitation, an optical sensor operating at a preselected wavelength or
wavelengths, including ultraviolet, visible, and infrared (i.e., near-,
mid-, or far-), corresponding to a spectroscopic absorption feature derived
from any characteristic product from the full, partial, or incomplete
combustion of a fuel and/or from any component or components present in the
fuel or diluent supplied to a flame in the combustion device that can be
used to derive, either directly or indirectly, a measure of flame stability
or instability. Preferably, the optical sensor includes a laser, such as a
wavelength modulated tunable diode laser (TDL) sensor system tuned to a
pre-selected wavelength or wavelengths. In a preferred embodiment, the
pre-selected wavelength or wavelengths are in the near-infrared region.
More preferably, the pre-selected wavelength or wavelengths are between
about 1349 nm to about 1395 nm. Alternatively, the preselected wavelengths
are about 1.4 mm. [0029] The diluents used in the combustion system are as
described above. Preferably, the controller in the combustion system
provides real-time control using a threshold measurement from at least one
flame stability sensor. In one embodiment,the controller decreases the
volume ratio of fuel:diluent as limited by a predetermined critical flame
instability threshold, FThreshoid- In one non-limiting embodiment, which
employs a wavelength modulated tunable diode laser sensor, the
predetermined critical flame instability threshold corresponds up to about
0.06 as derived from fluctuations in H2O absorption characteristic to flame
instability between 1 to 5 Hz. [0030] Particular aspects of the method and
system are described further below for purpose of illustration, and not
limitation. Fuel: Diluent Ratios and Operational Considerations for
Combustion Devices [003 I j As notetl above, the term "diluent" generally
includes fluids that are not flammable (or in one embodiment, substantially
not flammable) and are not oxidizing elements or agents, but specifically
do not include air. Therefore, fuel:diluent volume ratios do not include
the amount of air that is included in the feed to the flame in the
combustion device. A person of ordinary skill in the art can determine an
initial fuel:diluent ratio, based on, for example, the combustion device
used and the nature of the fuel used in the combustion device, and amount
of air included in the feed to the flame. [0032] For example, and in
accordance with one embodiment of the present application, the volume of
diluent fed to the flame is about 1% to about 50% of the volume of fuel fed
to the flame (excluding air). Accordingly, in one particular embodiment,
the fuel:diluent volume ratio can range from about 2 to about 100. More
preferably, the volume of diluent fed to the flame is about 10% to about
40% of the volume of fuel fed to the flame, thus the fuel:diluent volume
ratio can range fromabout 2.5 to about 10. Even more preferably, the volume
of diluent fed to the flame is about 20% to about 30% of the volume of fuel
fed to the flame, thus the fuel:diluent volume ratio can range from about
2.5 to about 3.33. [0033] In operating a combustion device using the
methods of the present application, the initial fuel:diluent ratio can be
set such that the entire stream ultimately fed to a flame results in a
relatively stable feed, thus operating far away from the lean blowout (LBO)
limit. Thus, for example, the fuel:diluent ratio can initially be set
relatively high (e.g., around 100), or alternatively there can be no
initial diluent flow to the 



flame. The combustion device operating under such conditions can provide a
stable flame assuming appropriate oxidizer flow, yet such operation is also
likely to provide high flame temperatures and higher NOx emissions. The
stability of the flame and the temperature depend on the fuel/air ratio.
[0034] Once flame stability has been assured, the amount of diluent fed to
the flame can be increased (or the amount of fuel fed to the flame can be
decreased) in order to move closer to the LBO limit for a combustion
device. Although it is desirable, from a NOx emission standpoint, to
operate as close as possible to the LBO limit, practically there should be
a margin of error to ensure that the LBO limit is not actually reached to
provide safe operation. In order to provide a safe operating margin, a
"flame instability threshold" from one or more flame stability sensors can
be established based on the LBO limit, which can be determined empirically,
and the minimum acceptable cushion for safe operation of the combustion
device can be defined so as to avoid unsafe conditions such as flame
blowouts. More preferably, a safe operating margin is additionally ensured
with constraint on the volume ratio offuel:diluent fed to a flame, such
that under normal operation the volume ratio of fuel:diluent cannot exceed
a value (i.e., less than about 1 to about 2) where the flame instability
threshold value from the flame stability sensor would be reached. 10035]
one embodiment of the present invention, the fuel:diluent ratio is
initially set relatively high and then lowered until, based on the output
of one or more flame stability sensors, the flame instability threshold is
approached. Preferably, the adjustment and/or constraint of the
fuel:diluent ratio is based on a real-time measurement of flame stability.
Once the fuel:diluent ratio is such that the flame stability threshold is
exceeded (i.e., the flame is operating too close to the LBO limit), then
the fuel:diluent ratio can be increased so as to provide a safe operating
margin. [0036] In another embodiment of the present invention, the
fuel:diluent ratio is initially set relatively high and then lowered as to
approach the LBO limit until, based upon flow measurements from the flow
system (i.e., at least one flow measurement from the fuel source and at
least one flow measurement from the diluent source), a predetermined
threshold for the volume ratio of fuelidiluent is obtained such that the
LBO limit is not actually reached. Preferably, the adjustment and/or
constraint of the volume ratio of fuel:diluent is based on real-time
measurements from the flow system that is constrained by a threshold volume
ratio of fuehdiluent as well as an additional constraint based on a flame
instability threshold from at least one real-time measurement by a flame
stability sensor. If either the flame instability threshold or the
threshold volume ratio of fuel:diluent is exceeded (i.e., the flame is
operating too close to the LBO limit), then the fuel:diluent ratio should
be increased so as to return the combustion device to a safe operating
margin.Diluent Feed Streams [0037 j The diluent feed to the flame of the
combustion device can be introduced in a separate dedicated stream, or can
be combined with the fuel/air stream prior to introduction to the flame.
Furthermore, the diluent stream can consist of more than one component
(e.g., a mixture of superheated steam and recycled combustion gas). [0038]
A preferred diluent in the present application is steam, more preferably
superheated steam. A second preferred diluent is recycled combustion gas,
which consists largely of nitrogen, carbon dioxide, and water vapor. Flame
Stability Sensors [0039J A variety of technologies currently exist or could
be developed by those skilled in the art to generate a measure of flame
stability, flame instability, and/or the likelihood of LBO from a flame
within a combustion device derived from the direct and/or indirect measure
of one or more flame characteristics. As used herein, a flame stability
sensor or flame stability sensor system is used to generate a measure of
flame stability, flame instability, and/or the likelihood of LBO through
direct and/or indirect interrogation of one or more flame characteristics.
For purposes of this application, any measure of flame instability or
indication as to the likelihood of LBO derived from such a device or series
of devices for the purpose of monitoring, controlling, constraining, and/or
optimizing a method or system for reduction of NOx emissions in 



fired heaters with the addition of a diluent to fuel falls within scope of
this application, including the implementation of at least one of any type
of flame stability sensor. Current technologies applicable as flame
stability sensors include optical sensors (i.e., laser-based sensors),
acoustic sensors (i.e., pressure sensors), andmachine vision sensor systems
(i.e., a system comprising a camera to generate an optical image). [004Oj
Preferably, flame stability sensors in the present application are
laser-based optical sensor systems employing at least one TDL, an
acoustic-based sensor system comprising at least one pressure sensor, and a
machine vision sensor system consisting of at least one camera, more
preferably a high-temperature furnace camera. The sensors may be used alone
or in combination (e.g., optical sensor with acousticbased sensor and/or
machine vision sensor). Regardless of the sensor type, data processing can
be performed on a processing component within a field mounted sensing
device and/or an independent electrical component common to one or more
sensing devices, with or without direct communication to the one or more
sensing devices, and be located either in the field or in an enclosure
(i.e., an analyzer shelter, control room, etc.). Any combination of two or
more flame stability sensor types or sensor systems also falls within scope
of this application (i.e., one of a laser optical sensor system and two of
machine vision sensor systems, etc). [0041] In general, changes in signal
from flame stability sensors result from a change in at least one flame
characteristic over time. The change in a flame characteristic or flame
stability sensor signal over time can be characterized in the frequency
domain by performing a Fourier transform on the sensor output prior to
further alteration over a specified amount of sampling time (i.e., 10
seconds). The available frequency information contained within an output
for a given sensor type is limited to one half of the device sampling rate.
Thus, a frequency range or subset of frequency ranges can be defined that
contains a sufficient amount of information useful in the measureof flame
stability and/or flame instability. For example but not limitation, a
pressure sensor that records data at 22 Hz can resolve pressure
fluctuations up to 11 Hz. A Fourier transform on 10 seconds of pressure
data reveals that pressure fluctuations characteristic to flame instability
occur in the range of 1-10 Hz for a given sensor type, combustion system,
and combustion device. Thus, either a select portion of the signal in the
frequency domain (i.e., 1-5 Hz or 2-8 Hz, etc) or all data from the signal
in the time domain from the pressure sensor can be used to measure
stability, instability, and/or likelihood of LBO. In practice, the portion
or portions of data generated by a flame stability sensor useful for flame
instability detection contained within the output signal, regardless of
sensor type, flame source, combustion device, and/or combustion system can
be determined as set forth. In addition, as in the case with the pressure
sensor, either all sensor data or a select portion of sensor data may be
used to measure flame stability provided an adequate measurement can be
generated for the given combustion system. [0042] A variety of computation
methods currently exist or could be developed by those skilled in the art
to generate a value and/or set of values with correlation to flame
stability, flame instability, and/or the likelihood of LBO, denoted herein
as a flame stability factor, F, that is derived from one or more outputs
from one or more flame stability sensors, described above in Paragraph
[0040]. A preferred nonlimiting example of such a computation method has
been described in Paragraph [0024]. Other preferred computation methods
include computation of statistical variables (i.e., standard deviation,
variance, etc.) on the measured outputs of flame stability sensors.
Regardless of computation method, a hardware and/or softwarebased filtering
method or methods (i.e. high-pass filter) and/or a data averaging method or
methods may be incorporated as part of the computation of a flame stability
factor. Within spirit of this application, a flame stability factor relates
to any information or value derived from at least one measured signal or
any combination of measured signals obtained by one or more flame stability
sensors, regardless of type, that could be used as the basis for a control
action, either manually or automatically, for controlling, optimizing, and
or constraining the volume ratio of fuel:diluent and/or mitigation of flame
instability via any method to increase the volume ratio of 



fuel:diluent, including the removal of diluent from the stream fed to the
combustion device. Optical Sensors [0043] As used herein, the term optical
sensors refers to any sensor that transmits, receives or otherwise uses
light or a light source (e.g., a light emitting diode (LED), TDL, globar,
and quantum cascade laser (QCL)) to ascertain qualities or characteristics
of a flame that are indicative of and/or correlated to flame stability,
flame instability, and/or the likelihood of LBO. Such optical sensors are
not limited to those that transmit, receive or use near-infrared light, as
optical flame sensors, as used in the present application, and includes
sensors that transmit, receive or otherwise light in the infrared (IR),
visible (VIS), Ultraviolet (UV), or any combination of UV, VIS, and IR
radiation. [0044J As disclosed in U.S. Patent No. 7,019,306, which is
hereby incorporated by reference in its entirety, a UV flame sensor
typically detects radiation emitted in the200 to 400 nm range. Optical
sensing devices incorporating a UV detector to sense the presence of the
augmentor flame in gas turbine engines sense UV radiation emitted from the
augmentor flame against the background of hot metal, in a high temperature
environment and under heavy vibration. [0045] Other non-limiting examples
of optical sensors that can be used in accordance with the methods and
systems of the present invention include, but are not limited to, the
sensors described in U.S. Patent No. 7,334,413, 6,127,932 4,709,155 and
3,689,773 each of which are incorporated by reference in their entirety.
[0046] A preferred but non-limiting optical sensor to ascertain flame
stability that can be used in the methods of the present application
includes flame stability sensors that employ a laser. As used herein, the
term laser refers to a coherent and/or collimated beam of light at a
defined wavelength or wavelength range. A preferred type of optical sensor
that includes a laser is a wavelength modulated tunable diode laser sensor,
which is described below for purposes of illustration, but not limitation.
Wavelength Modulated Tunable Diode Laser (TDL) Sensors [0047] In an
embodiment of the present application, a tunable diode laser sensor is
employed to determine gas temperature based on measuring line-of-sight
(LOS) water vapor absorption, whose time dependence in turn provides a
measure for establishing flame stability. Nonintrusive
wavelength-multiplexed temperature measurements based on two or more water
vapor absorptions can be employed, whereby such absorptions can be from two
neighboring or non-neighboring near-infrared (NIR) transitions of water
vapor. Commercially available telecommunication fiber-coupled tunable diode
lasers and optical components can be employed in TDL sensors.
Suchtechniques can be employed successfully in part because H2O is an
optically absorbing combustion product of hydrocarbon fuels. In an
alternative nonlimiting embodiment, a wavelength modulated tunable diode
laser, with or without wavelength-multiplexing, can be used as a flame
stability sensor for the measurement and evaluation of any wavelength in
the near-infrared region corresponding to a spectroscopic absorption
feature derived from any characteristic product from the full, partial, or
incomplete combustion of a fuel source or from any components present in
the fuel or diluent supplied to a flame in a combustion device (i.e.,
furnace or boiler), including any optically active component in the
near-infrared either intentionally or unintentionally added to the fuel or
diluent source. [0048) A non-limiting example of such a sensor that can be
employed in the methods and systems of the present invention include the
sensors described by Li et al. of Stanford University and published in the
AIAA Journal, Vol. 45, No.2, February 2007, pp. 390-398, which is hereby
incorporated by reference in its entirety. One sensor described by Li et
al. is based on nonintrusive measurements of gas temperature using combined
wavelength-modulation spectroscopy (WMS) and 2/ detection that target a H O
line pair near around 1.4 mm. It is noted, however, that temperature
changes, particularly temperature changes in the hottest region of the
burned gas, are more important than the absolute value of the determined
temperature. For additional details, see Zhou et al., "Development of a
Fast Temperature Sensor for 



Combustion Gases Using a Single Tunable Diode Laser," Applied Physics B
(Lasers and Optics), Vol. 81, No. 5, 2005, pp. 7 11-722, which is hereby
incorporated by reference in its entirety.[0049] In another non-limiting
embodiment, the flame stability sensor employs three diode lasers tuned to
3 H O absorption wavelengths (e.g., 1349 nm, 1376 nm and 1395 nm). The 3
H2O absorption features with different temperature sensitivities enable the
probing of temperature fluctuations and other flame characteristics that
may fluctuate within the flame (e.g. flame shape). Wavelength modulation
spectroscopy is performed (lf-normalized, WMS-2f) using 1
frequency-multiplexed detector with up to 3MHz bandwidth (4kHz data rate).
A schematic of the sensor system 30 is set forth in Figure 1. In one
non-limiting embodiment, a single laser can be used for one or more LOS
measurements through a flame or flames inside a combustion device. The
present invention is not intended to be limited to the use of a single
laser; rather, one or more lasers are considered to be well within the
scope of the present invention. Furthermore, a measure of flame stability
derived from employing one or more laser sensors targeting a single
absorption band (i.e., H2O) is within scope of the present invention.
[0050] In one embodiment of the present application, the "flame instability
threshold" based on output from a Wavelength-Multiplexed, Wavelength
Modulated Tunable Diode Laser (TDL) Sensor is established. The flame
instability threshold is primarily based on the temperature fluctuations
within the LOS (line-of-sight), which includes fluctuations of flame shape
that may cause the flame to stray outside of the LOS. In one non-limiting
embodiment, when fluctuations in sensor signal occur in a particular
frequency range characteristic to flame instability (e.g., 1- 5 Hz)
constituting a fraction of frequency content, F, that is greater than a
given threshold (e.g., greater than 0.02, or greater than 0.03 or greater
than 0.06) then the flame instabilitythreshold, F hreshoid h s been
reached. Such fluctuations in the sensor signal can correspond to one or
any combination of fluctuations within the flame characteristics. More
particularly, in one embodiment when F, as that value is determined as set
forth above, is greater than, for example, 0.02 then the Fthreshoid has
been reached and the volume ratio of fuel:diluent should be increased.
[0051] The present invention will now be described in greater detail in
connection with Fig. 2. Fig. 2 is a schematic diagram of a combustion
device 1 in accordance with the present invention. The combustion device 1
includes a housing 10 having a burn plate 11. At least one flame source 12
is located on the burn plate 11. The flame source 12 is operatively
connected to a fuel gas source 14 and a diluent source 15. The fuel gas and
diluent may be individually fed to the flame source 12 or combined and fed
as a single stream to the flame source 12. The housing 10 further includes
a bridgewall 13. In accordance with the present invention, the housing 10
includes at least one tap hole through which a sensor may be located in
order to sense and measure the flame characteristic of the combustion
device 1. One or more tap holes 2 1 may located in the combustion device 1
near tthe flame source 12. The tap holes 21 are preferably located a point
just above the burn plate 11 and the flame sources 12. Tap holes 22 and 23
may be located in the burn plate 11 in close proximity to the flame sources
12. At least one tap hole 24 may be provided in housing 10 in close
proximity to the bridgewall 13. It is contemplated that the present
invention is not intended to limited to these locations; rather it is
contemplated that other locations are considered to be well within the
scope of the present invention, including but not limited to spaced
locations along the wall of the combustion device 1 between theburn plate
11 and the bridgewall 13. The present invention utilizes one or more of the
following flame stability sensor systems 30, 40, 50, either alone or in
combination: optical sensor system 30, acoustic sensor system 40, and a
machine vision sensor system 50. The systems are operatively coupled to a
controller 60, as shown in Fig. 2, which receives the sensed output from
the systems 30, 40, 50 and performs the necessary determinations regarding
flame stability and any necessary corrections to the diluent: fuel ratio to
establish and maintain safe flame characteristic. The controller 60 may
control either directly or indirectly the operationof the supplies 14 and
15 to provide the necessary diluent: fuel ratio. 



[0052J In accordance with one embodiment of the present invention utilizing
an optical sensor system 30. At least one optical sensor system 30 is
located in the tap hole 2 1. The use of the tap holes 2 1 allows
transmission and receiving of optical energy from the sensor system that
has passed through a flame or flames at least one time just above the flame
source 12 in order to measure of the flame characteristic within the
combustion device 1. Preferably, the combustion device 1 includes more than
one flame source 12. With such an arrangement, the tap holes 2 1 are
located such that the optical energy transmitted and received by the
optical sensor systems 30 pass through one or more flames from the flame
sources 12. It is contemplated that the optical energy from the sensor
system 30 can be emitted from a single tap hole 21 and received by the
sensor system 30 located in another tap hole 21. It is also contemplated
the optical sensor system 30 both transmit and receive optical energy from
a single tap hole 2 1 following at least one reflection of an optical
beam.Information from the sensor system 30 is transmitted to the controller
60 todetermine the fuel:diluent ration described above and recommend and/or
implement and modifications to the ratio (i.e., modify fuel supply and/or
diluent supply) to maintain a stable flame characteristic. Acoustic Sensors
[0053 j In accordance with another aspect of the present invention, an
acoustic sensor system 40 may be used to ascertain at least one flame
characteristic. As used herein, the term acoustic sensor refers to any
sensor that transmits, receives or otherwise uses an acoustic source (e.g.,
a pressure sensor, microphone, accelerometer, cantilever, etc.) to
ascertain at least one characteristic of a flame or flames, directly or
indirectly, that is indicative of flame stability, flame instability,
and/or the likelihood of LBO. Such acoustic sensors are not limited to
those that transmit, receive or use acoustics, such as the pressure sensor
described in the present application, and includes sensors that transmit,
receive or otherwise acoustic signals. [0054JA preferred but non-limiting
type of acoustic sensor to ascertain the state of flame stability and/or
instability that can be used in the methods of the present application
include flame stability sensors that employ a pressure sensor. As used
herein, the term pressure sensor refers to a device used for the purpose of
measuring pressure inside the combustion device. A preferred type of
pressure sensor is a differential pressure sensor, which is described below
for purposes of illustration, but not limitation. [0055] A differential
pressure sensor 40 is employed to measure draft in a combustion device 1,
whose time dependence in turn provides a measure for establishing
flamestability and/or instability. Flame stability measurements based on
one or more pressure sensors can be employed, whereby detectable changes in
acoustic signal arise near the onset of flame instability and/or LBO.
Commercially available pressure sensors with statistical analysis packages,
including those with differential, gauge, or absolute measurement outputs,
can be employed as an acoustic-based flame stability sensor. Such
techniques can be employed successfully in part because statistical
analysis of acoustics within the combustion device measured by the sensor,
typically at rates >16 Hz, can be used to compute identifiable and
actionable characteristics of both stable and unstable conditions of a
flame or flames. In an alternative embodiment, a differential pressure
sensor without a statistical analysis package can be employed as a flame
stability sensor; whereby, statistical analysis and/or other data analysis
methods can be implemented on an independent electronic device to derive a
measure of flame stability or flame instability based on an output from the
sensing device. [0056] A "flame instability threshold" may be established
based on the filtered, averaged, and normalized output of draft from five
differential pressure sensors. The flame instability threshold is primarily
based on pressure fluctuations within the combustion device relative 1 to
atmospheric pressure. When fluctuations in sensor signal occur constituting
a change in a statistical parameter (i.e., variance) that is greater than a
given threshold (e.g., greater than 0.1, or greater 0.12, or greater than
0.2), then the flame instability threshold, F hreshoid, has been reached.
Such 



fluctuations in the pressure sensor signal are derived from a measure of at
least one flame characteristic, either directly or indirectly, that
originates within the combustiondevice. More particularly, in one
embodiment when the filtered, averaged, and normalized variance of the
measured draft is greater than, for example, 0.12 then the Ff hreshoid h s
been reached and the volume ratio of fuel:diluent should be increased.
[0057] Alternatively, a "flame instability threshold" may be established
based on output from a differential pressure sensor. The flame instability
threshold is primarily based on pressure fluctuations within the combustion
device. When fluctuations in sensor signal occur in a particular frequency
range characteristic to flame instability (e.g., 2 - 5 Hz or 2 - 10 Hz)
constituting a change in a statistical parameter (i.e., standard deviation)
from the sum of magnitudes over a defined range in the acoustic frequency
spectrum that is greater than a given threshold (e.g., greater than 0.05 or
greater than 5) then the flame instability threshold, F-mreshoid, has been
reached. When the standard deviation of the acoustic frequency spectrum is
summed from 2 - 10 Hz following calculation of a short-time fast Fourier
transform for 10 seconds of previously measured pressure data, is greater
than, for example, 0.05 then the Frhreshoid has been reached and the volume
ratio of fuel:diluent should be increased. [0058] With reference to Fig. 2,
the pressure differential sensors 40 are located in at least one tap hole
21, 22, 23, 24 allowing measurement of an acoustic signal from within the
combustion device. The sensor system 40 may b e located in close proximity
to a flame source 12 in tap holes 21. The sensor system 40 may be located
in a tap hole 24 in close proximity to the bridgewall 13. The sensor system
40 may be located in a tap hole 23 on the burner plate 11 at a location
equidistant from multiple flame sources 12 or within closer proximity to
one flame source at a tap hole 22. In accordance with the present
invention, any number of combinations of tap holes 21,22, 23 and 24 may be
utilized for the differential pressure sensor system 40. Information from
the sensor system 40 is transmitted to the controller 60 to determine the
fuel:diluent ratios described above and recommend and/or implement and
modifications to the ratio (i.e., modify fuel supply and/or diluent supply)
to maintain a stable flame characteristic. Machine Vision Sensor System
[0059] In accordance with another aspect of the present invention, a
machine vision sensor system 50 may be used to ascertain at least one flame
characteristic. As used herein, the term machine vision sensor system 50
refers to any sensor system that transmits, receives or otherwise uses an
optical image (e.g., a video camera, etc.) to ascertain at least one
characteristic of a flame or flames, directly or indirectly, that is
indicative of flame stability, flame instability, and/or the likelihood of
LBO within a combustion device. Such machine vision systems 50 are not
limited to those that transmit, receive or use visible (VIS) light, to
generate optical images for flame sensing, as used in the present
application, and includes sensor systems that transmit, receive or
otherwise optical images comprised of light in the near-infrared (NIR),
infrared (IR), Ultraviolet (UV), or any combination of UV, VIS, NIR, and IR
radiation. [0060] Preferably, the machine vision sensor system includes a
flame stability sensor systems that employ a camera. As used herein, the
term camera refers to a device used for the purpose of obtaining an optical
image from inside the combustion device comprised of light. A preferred
type of camera is a high-temperature furnace cameraoperating in the visible
radiation spectrum, which is described below for purposes of illustration,
but not limitation. |0061] Preferably, the machine vision sensor system 50
utilizes a high-temperature furnace camera to obtain an optical image from
within a combustion device 1, whose output in turn provides a means for
establishing flame stability, flame instability, and/or the likelihood of
LBO. The machine vision sensor system 50 may utilize one or more cameras,
whereby detectable changes in an optical image or images arise at or near
the onset of flame instability and/or LBO. Commercially available
hightemperature furnace cameras can be employed as part of a machine vision
based flame stability sensor system 50. Machine vision sensor systems are
also typically comprised of a central processing unit 60 with a visual
display unit, an image analysis 



package, or both. Such systems can be employed successfully in part because
flame intensity, or light intensity, within the combustion device can be
measured by the sensor system, directly or indirectly, and exhibit
identifiable and actionable characteristics of both stable and unstable
flame states, as well as indication to the approach of LBO. [0062] In a
preferred embodiment, a machine vision system 50 comprised of a
hightemperature furnace camera positioned in or near the tap hole, a
central processing unit or controller 60 which contains an image analysis
package and performs statistical analysis. The controller 60 derives a
measure of flame stability, instability, and/or likelihood of LBO based on
one or more outputs from the analysis of an optical image obtained by the
camera. The controller 60 can then determine the fuel:diluent ratios
described above and recommend and/or implement andmodifications to the
ratio (i.e., modify fuel supply and/or diluent supply) to maintain a stable
flame characteristic. [0063] In accordance with one aspect of the present
invention, the "flame instability threshold" is determined by the
controller 60 based on an average of more than one time dependant outputs
from analysis of optical images obtained and analyzed by a machine vision
sensor system employing a high-temperature furnace camera. The flame
instability threshold is primarily based on light intensity fluctuations
from flames within a combustion device captured in a series of optical
images and analyzed by the machine vision sensor system. When fluctuations
in sensor signal (e.g., light intensity in selected portions of an optical
image) occur constituting a change in a statistical parameter (i.e.,
variance) that is greater than a given threshold (e.g., greater than 0.002,
or greater 0.2, or greater than 1) then the flame instability threshold,
Fthreshoid, has been reached. Such fluctuations in the sensor signal are
derived from a measure of at least one flame characteristic, directly or
indirectly, that originates within the combustion device 1. When the
variance of the measured optical intensity within a portion of the optical
image is greater than, for example, 0.002 then the Fxhreshoid has been
reached and the volume ratio of fuelrdiluent should be increased. [0064] In
accordance with another aspect of the present invention, a "flame
instability threshold" is based on the time dependant average of a
predetermined number of outputs from analysis of optical images obtained
from the system 50, which isanalyzed by the controller 60. The flame
instability threshold is primarily based on the magnitude of optical
intensity fluctuations from flames within the combustion device. When a
decrease in sensor signal occurs characteristic to the approach offlame
instability or LBO (e.g., from 50 to 20 or 60 to 25 or 100 to 30)
constituting a change in the optical intensity measurement (i.e., decrease
in light intensity) from analysis of optical images less than a given
threshold (e.g., less than 20 or less than 25) then the flame stability
threshold, Fjhreshoid, has been reached. When the average intensity value
from an average of thirteen outputs from a machine vision sensor system is
less than, for example, 25 then the FThreshoid has been reached and the
volume ratio of fuel:diluent should be increased. [0065] In accordance with
yet another aspect of the present invention, two "flame instability
thresholds" based on the average of time dependant outputs from analysis of
both overall intensity and intensity fluctuations from optical images
obtained from the system 50 and are analyzed by the controller 60. The
flame instability thresholds are based on the same principles as set forth
in preceding paragraphs. Such techniques are successful in part as the
machine vision sensor system has the capability to execute one or more
analysis methods on one or more portions of optical images obtained by the
camera. As such, when the FThresho id has been reached for either analysis
methods, an F hreshoid for that system has been reached and the volume
ratio of fuelidiluent should be increased. [0066] In accordance with an
aspect of the invention utilizing sensor system 50, optical images from
within the combustion device 1 may be captured at any one of tap holes 21,
22 and 24 by a camera. The optical images are preferably obtained from
locations offering the most clear unobstructed view of the flame(s).
Preferably, the images are obtained by tap holes 2 1 or 22. Even more
preferably, one or more tap 



holes 24 would be utilized to obtain the images. The present invention is
not intendedto be limited to a single tap hole location, rather, any
combination or location of tap holes is contemplated to be well within the
scope of the present invention [0067j In a preferred embodiment of the
present application, a select portion or portions of an optical image
captured by a machine vision sensor system 50 are utilized and processed by
the controller 60 to derive a measure of flame stability, instability,
and/or likelihood of LBO More preferably, a select portion or portions of
an optical image can be utilized for analysis that provides a
characteristic measure for a specific flame source within a combustion
device, particularly in multi-flame source combustion devices Even more
preferably, an optical image can be broken down into six portions for
analysis of each respective flame source fully viewed by a camera The six
portions include one set of two complimentary sections that encompass two
halves of the flame source, one set of two complimentary sections that
encompass two halves of the flame source rotated 90 degrees with respect to
two halves selected in the first set, one portion that is circumscribed by
the inner diameter of the flame source, and one portion that circumscribes
the outer diameter of the flame source In preferred non-limiting
embodiments, one or more portions, including any and all combinations
thereof, of the optical image can be utilized for analysis with the machine
vision sensor system to generate a flame stability signal to be used in the
methods set forth in the present application Examples [0068] The present
application is further described by means of the examples, presented below
The use of such examples is illustrative only and in no way limitsthe scope
and meaning of the invention or of any exemplified term. Likewise, this
application is not limited to any particular preferred embodiments
described herein. Indeed, many modifications and variations of the
invention will be apparent to those skilled in the art upon reading this
specification. The invention is to be understood by the terms of the
appended claims along with the full scope of equivalents to which the
claims are entitled. Example 1 |0069] Refinery gas (e.g., typically
containing CH , C H8, H and CO2) and Tulsa natural gas was supplied to a
single commercial grade Ultra Low NOx Burner at a firing rate of about 11
MBTU/hr and 7 MBTU/Hr for the refinery gas and 7 MBTU/hr for the Natural
Gas. Flame stability was measured with a Wavelength-Multiplexed, Wavelength
Modulated Tunable Diode Laser (TDL) Sensor based on the protocol set forth
above. Carbon dioxide at ambient conditions was added to the fuel to
simulate the addition of recycled combustion gas. During the tests, between
0 and 5000 SCFH (standard cubic feet per hour) OfCO was added, as
illustrated in Figure 3. CO (ppm) and NOx (ppm) emissions were determined
and the results are set forth in Figure 3. The emissions were obtained from
sensors located in the flue stack. As shown in Figure 3, NOx emissions
decreased as the amount of carbon dioxide is increased. 3- fold NOx
reductions can be achieved upon addition of diluent. [0070] Based on
results from this example, NOx emissions and the "F" value of the flame
sensor, as determined based on the protocol set forth above, was plotted
against the fraction OfCO in Figures 4A and 4B, where the CO gradually
increased as a fraction of the fuel. Some air is fed to the flame as an
oxidant. The results in Figures4A and 4B show that the highest CO addition
levels correspond to the greatest reduction in NOx and to the greatest
instability signal (F). This demonstrates a strategy whereby a critical
instability threshold can be defined and this signal can be used in a
feedback control strategy to limit the diluent flow to the burner in order
to maintain stable operation while achieving the lowest possible NOx
emissions. [0071] Flame instability accompanies NOx reduction, and this
instability is caused by the increase use of diluent. It is possible to
identify a critical threshold value of F, Fthreshoid > that identifies
unstable operation well before blow-out or extinction occurs, particularly,
for example, in embodiments employing real-time feed back or feed forward
control based on use of a sensor described in this example using at least
one wavelength to determine flame instability, or a sensor encompassed by
any of the claims of the present application. 



Example 2 [0072] Refinery gas (e.g., typically containing CH4, C H , H2 and
CO ) was supplied to a three commercial grade Ultra Low NOx Burners at a
firing rate of about 6 MBTU/hr. Flame stability was measured with a set of
five pressure sensors and a machine vision sensor system with one
high-temperature furnace camera and thirteen analysis sections within the
optical image. Computation of flame stability was the average and
normalized variance of all measurements from each type of sensor, including
a software-based high pass filter. Steam was added to the fuel to reduce
measured NOx emissions until flame instability was detected. During the
test, between 0 and 0.23 lbs of steam per Ib of fuel was added. NOx (ppm)
emissions were determined and the results are set forth in Figure 5. The
emissions were obtainedfrom sensors located in the flue stack. As shown in
Figure 5, NOx emissions decreased as the amount of steam was increased.
Two-fold NOx reductions was achieved during this test upon addition of
diluent. [0073] Based on results from this example, NOx emissions and the
"F" value of the flame sensors, as determined based on the protocol set
forth above, was plotted versus time with increasing volume ratios of
steam:fuel, where the steam was gradually increased as a fraction of the
fuel. Some air is fed to the flame as an oxidant. The results in Figure 5
and Figure 6 show that the highest steam addition levels correspond to the
greatest reduction in NOx and to the greatest instability signal (F),
regardless of sensor type. This demonstrates a strategy whereby a critical
instability threshold can be defined, as illustrated in Figure 6 for
descriptive purposes, and this signal can be used in a feedback control
strategy to constrain the diluent flow to the burner in order to maintain
stable operation while achieving the lowest possible NOx emissions. [0074J
Flame instability accompanies NOx reduction, and this instability is caused
by the increase use of diluent. It is possible to identify a critical
threshold value of F, F hreshoid, that identifies unstable operation well
before blow-out or extinction occurs, particularly, for example, in
embodiments employing real-time feed back or feed forward control based on
use of a sensor described in this example using an acoustic sensor or
machine vision sensor system to determine flame instability, or any type of
flame stability sensor encompassed by any of the claims of the present
application. [0075] The present invention is not to be limited in scope by
the specificembodiments described herein. Indeed, various modifications of
the invention in addition to those described herein will become apparent to
those skilled in the art from the foregoing description and the
accompanying figures. Such modifications are intended to fall within the
scope of the appended claims (e.g., a Wavelength Modulated TDL sensor
employing only one wavelength for measuring flame stability with or without
wavelength-multiplexing, through the implementation of various wavelength
modulation waveforms and/or modulation frequencies, and various strategies
for manipulating raw data to arrive at a value indicative of flame
stability, flame instability, and/or likelihood for LBO). While the present
invention has been described in connection with a combustion device 1 in a
refining/petrochemical processing application, the applicability of the
present invention is not intended to be so limiting. It is contemplated
that the present invention may be utilized in any combustion device
utilizing a fuel gas as a fuel source including but not limited to power
generation, steel/metal production and processing, glass production and
paper production. [0076] It is further to be understood that all values are
approximate, and are provided for description. [0077] Patents, patent
applications, publications, product descriptions, and protocols are cited
throughout this application, the disclosures of each of which is
incorporated herein by reference in its entirety for all purposes.CLAIMS 1.
A method of controlling the operation of a combustion device, wherein the
combustion device having a flame, comprising: providing a flow of fuel from
a fuel source and diluent from a diluent source at a determined volume
ratio to a flame in the combustion device; 



providing at least one flame stability sensor to generate a measurement of
a characteristic of the flame; and controlling the determined volume ratio
of fuel:diluent based upon at least one of (i) at least one threshold value
from at least one measurement from the at least one flame stability sensor,
and (ii) at least one flow measurement from each of the fuel source and
diluent source. 2 . The method of claim 1, wherein the at least one flame
stability sensor is at least one of an optical sensor, an acoustic sensor
and a machine vision sensor. 3. The method of claim 2, wherein the optical
sensor comprises at least one laser, controlling electronics, at least one
detector, and a data acquisition and processing system that produces an
actionable signal transmitted to a process controller to aid in the control
of the fuel:diluent ratio. 4. The method of claim 3, wherein the optical
sensor is a wavelength modulated tunable diode laser (TDL) sensor with at
least one laser tuned to at least one pre-selected wavelength with or
without wavelength-multiplexing. 5 . The method according to claim 2,
wherein the at least one flame stability sensor is an acoustic sensor. 6.
The method according to claim 6, wherein the acoustic sensor is a pressure
differential sensor.7. The method according to claim 2, wherein the at
least one flame stability sensor is a machine vision sensor. 8. The method
according to claim 7, wherein the machine vision sensor includes at least
one camera. 9. The method of claim 1, wherein the characteristic of the
flame is selected from at least one of flame ionization, flame shape, flame
mixing patterns, flame composition, flame temperature, smoke associated
with the flame, acoustical noise, and light emitted from the flame. 10. The
method according to claim 9, wherein the characteristic is directly
measurable by the at least one flame stability sensor. 11. The method
according to claim 9, wherein the characteristic is indirectly measurable
by the at least one flame stability sensor. 12. The method of claim 1,
wherein the diluent comprises a fluid selected from nitrogen, steam, carbon
dioxide, recycled combustion gas or a combination thereof. 13. The method
of claim 12, wherein the diluent comprises superheated steam. 14. The
method of claim 12, wherein the diluent comprises at least 80% by volume of
nitrogen. 15. The method of claim 12, wherein the diluent comprises at
least 1% by volume of carbon dioxide. 16. The method of claim 1, wherein
the combustion device is one of a furnace and a boiler.17. The method of
claim 1, wherein controlling the determined volume ratio of fuel:diluent is
performed in real-time based upon at least one of (i) at least one
threshold value from at least one measurement from at least one flame
stability sensor and (ii) at least one flow measurement from each of the
fuel source and diluent source. 18. The method of claim 17, wherein the
controlling the determined volume ratio of fuel: diluent includes
decreasing the volume ratio of fuel:diluent until a predetermined critical
flame instability threshold is reached. 19. The method of claim 18, wherein
the predetermined critical flame instability threshold corresponds to a
calculated flame stability factor value, F. 20. The method of claim 1,
wherein the controlling the determined volume ratio of fuel:diluent
includes adjusting at least one of the flow of the fuel from a fuel source
and the flow of the diluent from a diluent source. 2 1. The method of claim
20, wherein the fuel is a fuel gas. 22. The method of claim 1, wherein the
controlling the determined volume 



ratio of fuel:diluent provides safe operation of the combustion device. 23.
The method of claim 1, wherein the controlling the determined volume ratio
of fuel:diluent reduces NOx emission from the combustion device. 24. The
method according to claim 1, wherein the flame stability sensor comprises a
device that generates an optical image that is digitized, wherein the
digitized image is processed by a controller that can generate a threshold
value to differentiate between stable and unstable flame conditions and
provide an output to control the volume ratio of fuel:diluent.25. The
method according to claim 1, wherein the flame stability sensor comprises a
device that measures a time varying flame characteristic either directly or
indirectly indicative of flame instability, whereby a control signal is
generated. 26. A combustion system comprising: a combustion device; a fuel
source; a diluent source; a flow system in communication with the fuel
source and the diluent source to provide a flow of fuel and diluent at a
determined volume ratio to a flame in the combustion device; at least one
flame stability sensor to generate at least one measurement of at least one
characteristic of the flame; and a controller to control the determined
volume ratio of fuelidiluent based upon at least one of (i) a threshold
value from at least one measurement from at least one flame stability
sensor and (ii) a threshold volume ratio of fuelidiluent as measured by at
least one flow measurement from each of the fuel source and the diluent
source. 27. The combustion system of claim 26, wherein the flame stability
sensor is at least one of an optical sensor, an acoustic sensor and a
machine vision sensor. 28. The combustion system of claim 27, wherein the
optical sensor comprises at least one laser. 29. The combustion system of
claim 28, wherein the laser is a wavelength modulated tunable diode laser
(TDL) sensor tuned to at least one pre-selected wavelength. 30. The
combustion system of claim 29, wherein the wavelength modulated TDL sensor
has wavelength-multiplexing.31. The combustion system according to claim
26, wherein the at least one flame stability sensor is an acoustic sensor.
32. The combustion system according to claim 3 1, wherein the acoustic
sensor is a pressure differential sensor. 33. The combustion system
according to claim 26, wherein the at least one flame stability sensor is
an machine vision sensor. 34. The combustion system according to claim 33,
wherein the machine vision sensor includes at least one camera. 35. The
combustion system of claim 26, wherein the characteristic of the flame is
at least one of flame ionization, flame shape, flame mixing patterns, flame
composition, flame temperature, smoke associated with the flame, acoustical
noise and light emitted from the flame. 36. The combustion system according
to claim 35, wherein the characteristic is directly measurable by the at
least one flame stability sensor. 37. The combustion system according to
claim 35, wherein the characteristic is indirectly measurable by the at
least one flame stability sensor. 38. The combustion system of claim 26,
wherein the diluent comprises a fluid selected from a group consisting of
nitrogen, steam, carbon dioxide, recycled combustion gas and a combination
thereof. 39. The combustion system of claim 38, wherein the diluent
comprises superheated steam. 40. The combustion system of claim 39, wherein
the diluent comprises at least 80% by volume of nitrogen.41. The combustion
system of claim 38, wherein the diluent comprises at least 1% by volume of
carbon dioxide. 



42. The combustion system of claim 26, wherein the combustion device is one
of a furnace and a boiler. 43. The combustion system of claim 26, wherein
the controller provides real-time control based upon at least one of (i) a
threshold value from a measurement or measurements from at least one flame
stability sensor and (ii) at least one flow measurement from each of the
fuel source and diluent source. 44. The combustion system of claim 43,
wherein the controller decreases the volume ratio of fuel:diluent until a
predetermined critical flame instability threshold is reached. 45. The
combustion system of claim 44, wherein the predetermined critical flame
instability threshold corresponds to power fluctuations up to 0.06 in the
frequency spectrum from the fraction of frequency content analysis between
0.5 to 10Hz in the numerator and 0.5Hz to 2kHz in the denominator for a
laser sensor. 46. The combustion system of claim 26, wherein the controller
adjusts flow of the fuel from a fuel source. 47. The combustion system of
claim 26, wherein the controller adjusts the flow of the diluent from a
diluent source. 


