
NMDA RECEPTOR ANTAGONISTS FOR THE TREATMENT OF
NEUROPSYCHIATRIC DISORDERS CROSS-REFERENCE TO RELATED
APPLICATION The application claims priority to U.S.
Provisional Patent Application No. 61/127,098, filed
May 9, 2008. FIELD OF THE INVENTION The present
invention provides certain NMDA receptor blockers,
including pHsensitive NMDA receptor blockers, in the
treatment of neuropsychiatric disorders including
depression, anxiety and other related diseases.
BACKGROUND OF THE INVENTION Glutamate and aspartate
play dual roles in the central nervous system as
essential amino acids and as the principal excitatory
neurotransmitters (hereinafter referred to as
excitatory amino acids or EAAs). There are at least
four classes of EAA receptors: NMDA, AMPA
(2-amino-3-(methyl-3-hydroxyisoxazol-4-yl)propanoic
acid), kainate and metabotropic receptors. These EAA
receptors mediate a wide range of signaling events
that impact all physiological brain functions. For
example, it has been reported that NMDA receptor
antagonists produce an analgesic effect under certain
conditions (Wong, et al. (1995) Acta
Anaesthesiologica. Sinica 33, 227-232). The NMDA
subtype of glutamate-gated ion channels mediates
excitatory synaptic transmission between neurons in
the central nervous system (Dingledine et al. (1999),
Pharmacological Reviews 51:7-61). NMDA receptors
participate in a wide range of both physiological and
pathological processes in the central nervous system.
A high density of NMDA receptors has been found in the
cortico-limbic regions of the brain which have been
postulated to play a role in emotional functions,
anxiety and depression (Tzschentke TM (2002) Amino
Acids 23:147-152). Extensive studies have demonstrated
antidepressant-like effects of various antagonists of
the NMDA receptors. The antidepressant-like activity
of competitive and non-competitive antagonists and
inorganic inhibitors of NMDA receptor (zinc and
magnesium) has been reported (see Decollogne, et al.
(1997) Pharmacol Biochem Behav 58:261-268; Kroczka, et
al. (2001) Brain Res Bull 55:297-300; Kroczka, et al.
(2000)PoI J Pharmacol. 52:403-406; Poleszak, et al.
(2004) Pharmacol Biochem Behav 78:7-12; Poleszak, et
al. (2007) Pharmacol Biochem Behav 88:158-164;
Poleszak, et al. (2007) Pharmacol Rep 57:654-658;
Przegalinski, et al. (1997) Neuropharmacology
36:31-37; Przegalinski, et al. (1998) Pol J Pharmacol
50: 349-354; Skolnick P Eur J Pharmacol 375:31-40;
Skolnick, et al. (2001) Pharmacol Res 43:41 1-423; and
Trullas, et al. (1990) Eur J Pharmacol 185:1-10).
Poleszak, et al. showed that the NMDA receptor binding
of certain antagonists, specifically CGP 37849 and
L-70 1,324, are directly related to their
antidepressant-like effects (Poleszak, et al. (2007)
Pharm. Reports 59:595-600). NMDA receptors are
composed of NRl, NR2 (A, B, C, and D), and NR3 (A and
B) subunits, which determine the functional properties
of native NMDA receptors. Expression of the NRl
subunit alone does not produce a functional receptor.
Co-expression of one or more NR2 subunits is required
to form functional channels. In addition to glutamate,
the NMDA receptor requires the binding of a
co-agonist, glycine, to allow the receptor to
function. A glycine binding site is found on the NRl
and NR3 subunits, whereas the glutamate binding site
is found on NR2 subunits. At resting membrane
potentials, NMDA receptors are largely inactive due to
a voltage-dependent block of the channel pore by
magnesium ions. Depolarization releases this channel
block and permits passage of calcium as well as other
ions. 



The NMDA receptor is modulated by a number of
endogenous and exogenous compounds including, sodium,
potassium and calcium ions that can not only pass
through the NMDA receptor channel but also modulate
the activity of receptors. Zinc blocks the channel
through NR2A- and NR2B-containing receptors
noncompetitive and voltage-independent manner.
Polyamines can also either potentiate or inhibit
glutamate-mediated responses. Neuropsychiatric
disorders including schizophrenia and bipolar disorder
and mood disorders affect more than 60 million
Americans each year. Four basic forms of mood
disorders are major depression, cyclothymia (a mild
form of bipolar disorder), SAD (seasonal affective
disorder) and mania (euphoric, hyperactive, over
inflated ego, unrealistic optimism.) About 20% of the
U.S. population reports at least one depressive
symptom in a given month, and 12% report two or more
in a year. A survey conducted in 1992 found rates of
major depression reaching 5% in the previous 30 days,
17% for a lifetime. Bipolar disorder is less common,
occurring at a rate of 1% in the general population,
but some believe the diagnosis is often overlooked
because manic elation is too rarely reported as an
illness. Depression, formally called major depression,
major depressive disorder or clinical depression, is a
medical illness that involves the mind and body. Most
health professionalstoday consider depression a
chronic illness that requires long-term treatment,
much like diabetes or high blood pressure. Although
some people experience only one episode of depression,
most have repeated episodes of depression symptoms
throughout their life. Depression is also a common
feature of mental illness, whatever its nature and
origin. A person with a history of any serious
psychiatric disorder has almost as high a chance of
developing major depression as someone who has had
major depression itself in the past. Most people with
major depression also show some signs of anxiety, and
15-30% have panic attacks. Depression is associated
with physical illness as well. Some 25% of
hospitalized medical patients have noticeable
depressive symptoms and about 5% are suffering from
major depression. Chronic medical conditions
associated with depression include heart disease,
cancer, vitamin deficiencies, diabetes, hepatitis, and
malaria. Depression also is a common effect of
neurological disorders, including Parkinson's and
Alzheimer's diseases, multiple sclerosis, strokes, and
brain tumors. Even moderate depressive symptoms are
associated with a higher than average rate of
arteriosclerosis, heart attacks, and high blood
pressure. Depression can mimic medical illness and any
illness feels worse to someone suffering from
depression. It's not known specifically what causes
depression. As with many mental illnesses, it's
thought that a variety of biochemical, genetic and
environmental factors may cause depression. Despite
the many advances that occurred from a better
understanding of neuropharmacology, many psychiatric
diseases remain untreated or inadequately treated with
current pharmaceutical agents. In addition, many of
the current agents interact with a number of cellular
targets, potentially resulting in side effects that
can greatly influence the overall outcome of therapy.
Numerous treatments for depression are available,
including dozens of medications. Typical protocols
include a selective serotonin reuptake inhibitor
(SSRI). SSRIs include fluoxetine (Prozac, Sarafem),
paroxetine (Paxil), sertraline (Zoloft), citalopram
(Celexa) and escitalopram (Lexapro). Other common
first choices for antidepressants include serotonin
and norepinephrine reuptake inhibitors (SNRIs),
norepinephrine and dopamine reuptake inhibitors
(NDRIs), combined reuptake inhibitors and receptor
blockers, and tetracyclic antidepressants. Tricyclic
antidepressants (TCAs) are also effective, but because
TCAs tend 



to have more numerous and more severe side effects,
they are often less prescribed. Monoamine oxidase
inhibitors (MAOIs) are often prescribed as a last
resort, when other medications haven't
worked.Functional antagonists of the NMDA receptor
complex exhibit antidepressant-like activity in the
rodent test and models of depression. In 1990, Trullas
and Skolnick demonstrated the antidepressant activity
of AP-7, MK-801 and ACPC in the mouse forced swim test
(FST) and tail suspension test (TST) (Trullas R,
Skolnick P (1990) Eur J Pharmacol 185:1-10). Since
then, a number of reports have confirmed and extended
this finding. The NMDA antagonists are active in the
FST in mice (Layer , et al. (1995) Pharmacol Biochem
Behav 52:621-627; Maj et al. (1992) PoU Pharmacol
44:337-346) and rats (Moryl , et al. (1993) Pharmacol
Toxicol 72:394-397 ; Przegalinski, et al
(\997)Neuropharmacology 36:31-37) and tail suspension
test in mice (Layer , et al. (1995) Pharmacol Biochem
Behav 52:621-627), and in learned helplessness
(Meloni, et al. (1993) Pharmacol Biochem Behav
46:423-426), chronic unpredicted stress (Ossowska, et
al. (1997) J Physiol Pharmacol 48:127-135), chronic
mild stress (Papp, et al. Eur J Pharmacol 263:1- 7),
and bulbectomy models (Redmond, et al. (1997)
Pharmacol Biochem Behav 58:355-359). NMDA antagonists
also demonstrate efficacy in clinical studies.
Ketamine appears effective in major depression
(Berman, et al. (2000) Biol Psychiatry 47:351-354;
Zarate, et al. (2006) Arch Gen Psychiatry 63:856-864),
although the clinical efficacy of memantine is not as
clear (Ferguson, et al. (2007) Clin Neuropharmacol
30:136-144; Zarate, et al. (2006) Am J Psychiatry
163:153-155). Furthermore, the palliative effect of
non-specific NMDA antagonist (amantadine and zinc)
supplementation to antidepressant therapy has been
suggested. On the other hand, antidepressants induce
adaptive changes in the NMDA receptor complex
(Skolnick , et al. (1996) Pharmacopsychiatry 2 :Uh- 2
\ Skolnick, et al. (2001) Pharmacol Res 43:41 1-423).
Alterations in this receptor complex were demonstrated
in the animal paradigm used for antidepressant
screening (FST), in models of depression (Nowak, et
al. (1998) PoU Pharmacol 50:365-369; Nowak, et al.
(1995) J Neurochem 64:925-927) and suicide victims
(Nowak , e t al. (1995) Brain Res 675:157-164). Thus,
depression may be associated with enhanced NMDA signal
transduction and the mechanism of antidepressant
effect is related to reduction of this transmission.
U.S. Patent No. 7,019,016 to Pfizer provides methods
for treating certain disorders including depression
which comprise administration of certain NR2B subunit
selective NMDA antagonists. The disorders that can be
treating by the invention include hearing loss, vision
loss, neurodegeneration caused by epileptic seizures,
neurotoxin poisoning, Restless Leg Syndrome,
multi-system atrophy, non-vascular headache, and
depression. U.S. Patent No. 5,710,168 claims the use
of certain compounds having NR2B subunit selectivity
for treating a disease or condition which is
susceptible to treatment by blocking ofNMDA receptor
sites, including traumatic brain injury, spinal cord
trauma, pain, psychotic conditions, drug addiction,
migraine, hypoglycemia, anxiolytic conditions, urinary
incontinence, and ischemic events arising from CNS
surgery, open heart surgery or any procedure during
which the function of the cardiovascular system is
compromised. U.S. Patent No. 6,479,553 to AstraZeneca
provides certain compounds, in particular memantine,
budipine, amantidine, 5-aminocarbonyl-10,l
l-dihydro-5Hdibenzo[ a,d]cyclohepten-5,10-imine,
dextromethorphan and NPS 1506, and the compounds
disclosed in EP 279 937 and EP 633 879, specifically
(S)-l-phenyl-2-(2-pyridyl)ethanamine as potentially
useful as antidepressant agents. In particular, the
compounds were expected to be useful in the treatment
of depression associated with neurodegenerative
disorders such as Alzheimer's disease. 



U.S. Patent No. 6,432,985 to Hoffman La-Roche provides
certain neuroprotective substituted piperidine
compounds with activity as NMDA NR2B subtype selective
antagonists. PCT Publication No. WO 06/017409 to Merck
& Co. provides certain 1,3- disubstituted heteroaryl
compounds are N-methyl-D-aspartate receptor
antagonists useful for treating neurological condition
e.g. pain, Parkinson's disease, Alzheimer's disease,
anxiety, epilepsy and stroke. PCT Publication No. WO
02/072542 to Emory University describes a class of
pHdependent NMDA receptor antagonists that exhibit pH
sensitivity tested in vitro using an oocyte assay and
in an experimental model of epilepsy. While
NMDA-receptor antagonists might be useful to treat a
number of very challenging disorders, to date,
dose-limiting side effects have prevented clinical use
of NMDA receptor antagonists for these conditions.
Thus, despite the potential for glutamate antagonists
to treat many serious diseases, the severity of the
side effects have caused many to abandon hope that a
well-tolerated NMDA receptor antagonist could be
developed (Hoyte L. et al (2004) Curr. MoI. Med. 4(2):
131-136; Muir, K. W. and Lees, K. R. (1995) Stroke
26:503-513; Herrling, P. L., ed. (1997) "Excitatory
amino acid clinical results with antagonists" Academic
Press; Parsons et al. (1998) Drug News Perspective II:
523 569). There remains a need for improved
neuroprotective compounds and methods for the
treatment and/or prophylaxis of neuropsychiatric
disorders. In particular, there is a need for
compounds that have enhanced efficacy in treatment of
neuropsychiatric disorders. In addition, there remains
a need for effective compounds that exhibit reduced
side effects upon administration. In particular there
is a need for improved treatments for depression
andanxiety. It is therefore an object of the present
invention to provide new pharmaceutical compositions
and methods for the treatment of neuropsychiatric
disorders, and in particular for the treatment of
depression and anxiety. SUMMARY OF THE INVENTION
Compounds of Formula I, II, III and IV are provided
for the treatment or prophylaxis of neuropsychiatric
disorders. In particular, compounds for us in the
treatment or prophylaxis of depression or anxiety in a
host at risk of or suffering from the disorder are
provided. In certain instances, the disorders are
specifically known to result from NMDA receptor
activation. Certain NMDA receptor antagonists
described herein have enhanced activity in brain
tissue having lower-than-normal pH due to conditions
associated with a mood disorder. In one particular
embodiment, methods of treatment or prophylaxis of
neuropsychiatric disorders, in particular depression
and anxiety are provided comprising administering a
compound of Formula I or a pharmaceutically acceptable
salt, ester, prodrug or derivative thereof, optionally
in combination with a pharmaceutically acceptable
carrier, to a host in need thereof: Formula I wherein
the substituents are described herein. More typically,
the compounds are of Formula A: Formula A, wherein the
substituents are described herein. In a separate
embodiment, methods of treatment or prophylaxis of
neuropsychiatric disorders, in particular depression
and anxiety are provided comprising administering a
compound of Formula II or a pharmaceutically
acceptable salt, ester, prodrug or derivativethereof,
optionally in combination with a pharmaceutically
acceptable carrier, to a host in need thereof: 



Formula II wherein the substituents are described
herein More typically, the compounds are of Formula B:
Formula B, wherein the substituents are described
herein. In certain embodiments, the compounds are used
for the treatment of neuropsychiatric disorders, and
in particular embodiments, neuropsychiatric mood
disorders. These disorders include depression, bipolar
disorders, seasonal affective disorders (SAD) and
manias. In certain embodiments, the compounds are used
for the treatment of depression in a host diagnosed
with the disorder. In certain other embodiments, the
compounds are used for treatment of a bipolar disorder
in a host diagnosed with the disorder. The compounds
can also be used to prevent or diminish future
depressive or manic episodes. The compounds can be
provided on a seasonal basis, especially in a host who
has been diagnosed or is at risk of SAD or of
depression. In certain other embodiments, the
compounds are useful in the treatment or prophylaxis
of a neuropsychiatric disorder associated with a
physiological insult. The disorder can include
depression or bipolar disorder associated with an
injury or with aging. The compounds may also be useful
in treatment or prophylaxis of schizophrenia. In
certain embodiments, the compounds are administered to
a host in need thereof. In certain other embodiments,
the compounds are administered in combination or
alternation with other compounds, in particular
embodiments another compound useful in the treatment
or prophylaxis of neuropsychiatric disorders.BRIEF
DESCRIPTION OF THE FIGURES Figure 1 is graph of the
immobility time (in seconds) of CDl mice dosed with a
test compound in a forced swim test. Structures of
test compounds are shown in Table 26 Figure 2 is is
graph of the immobility time (in seconds) of CDl mice
dosed with a test compound in a forced swim test.
Figure 3 is a graph of the distance traveled by CDl
mice injected with a test compound in an open field
activity test. Figure 4 is a graph of the motor
performance of the CDl mice on a rotorod after dosing
with test compounds. Figure 5 is a graph of the cell
toxicity of the the test compunds as assessed by
percent total LDH release. Figure 6 is a graph of the
hERG binding IC50 (mM) for selected compounds plotted
against the patch clamp IC50 (mM). Figure 7 is a graph
of the QT interval (msec) correlated with the log of
the concentration of the test compound. Langendorff QT
effects are shown for compounds NP10075, NP10239 and
NP10076. Figure 8 is a graph of PCP discrimination
test data for NP 1003 1 and NP 10097. DETAILED
DESCRIPTION OF THE INVENTION Certain compounds are
provided as useful in the treatment or prophylaxis of
neuropsychiatric disorders. Typically, these compounds
act as NMDA antagonists. In particular, compounds of
Formulas I, II, III and IV are provided for treatment
of mood disorders including depression or anxiety. In
certain instances, the disorders are specifically
known to result from NMDA receptor activation. In
certain embodiments, the compounds are allosteric NMDA
inhibitors. In one embodiment, the IC50 value of the
compound is 0.01 to 10 mM, 0.01 to 9 mM, 0.01 to 8 mM,
0.01 to 7 mM, 0.01 to 6 mM, 0.01 to 5 mM, 0.01 to 4
mM, 0.01 to 3 mM, 0.01 to 2 mM, 0.01 to 1 mM, 0.05 to
7 mM, 0.05 to 6 mM, 0.05 to 5 mM, 



0.05 to 4 mM, 0.05 to 3 mM, 0.05 to 2 mM, 0.05 to 1
mM, 0.05 to 0.5 mM, 0.1 to 7 mM, 0.1 to 6 mM, 0.1 to 5
mM, 0.1 to 4 mM, 0.1 to 3 mM, 0.1 to 2 mM, 0.1 to 1
mM, 0.1 to 0.5 mM, 0.1 to 0.4 mM, 0.1 to 0.3 mM, or
0.1 to 0.2 mM. Certain NMDA receptor antagonists
described herein have enhanced activity in tissue
having lower-than-normal pH. Certain studies have
indicated that pH may be altered in brains of
individuals suffering from certain neuropsychiatric
disorder (see e.g. Karolewicz, et al.(2004) J.
Neurochem 91:1057-66. Xing, et al. (2002) Schizophr
Res. 58:21-30.) A reduced brain pH can be harnessed as
a switch to activate the neuroprotective agents
described herein. In this way side effects are
minimized in unaffected tissue since drug at these
sites are less active. In particular embodiments, the
compound is pH sensitive. In specific embodiments, the
compound exhibits a potency boost of at least 2, at
least 3, at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 15 or
at least 20 when comparing the IC50 at physiological
pH versus the IC50 diseased pH (i.e., (IC 50 at phys
pH/ICso at diseased pH)). In one embodiment, the
compound has an IC50 value of less than 10 mM at a pH
of about 6 to about 9. In one embodiment, the compound
has an IC50 value of less than 10 mM at a pH of about
6.9. In another embodiment, the compound has an IC50
value of less than 10 mM at a pH of about 7.6. In one
embodiment, the compound has an IC50 value of less
than 10 mM at physiological pH. In one embodiment, the
compound has an IC50 value of less than 10 mM at
ischemic pH. In one embodiment, the IC50 value of the
compound is 0.01 to 10 mM, 0.01 to 9 mM, 0.01 to 8 mM,
0.01 to 7 mM, 0.01 to 6 mM, 0.01 to 5 mM, 0.01 to 4
mM, 0.01 to 3 mM, 0.01 to 2 mM, 0.01 to 1 mM, 0.05 to
7 mM, 0.05 to 6 mM, 0.05 to 5 mM, 0.05 to 4 mM, 0.05
to 3 mM, 0.05 to 2 mM, 0.05 to 1 mM, 0.05 to 0.5 mM,
0.1 to 7 mM, 0.1 to 6 mM, 0.1 to 5 mM, 0.1 to 4 mM,
0.1 to 3 mM, 0.1 to 2 mM, 0.1 to 1 mM, 0.1 to 0.5 mM,
0.1 to 0.4 mM, 0.1 to 0.3 mM, or 0.1 to 0.2 mM, and
the ratio of the IC50 values at pH 7.6 to pH 6.9 for
the compound is greater than 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, or 100.
In one embodiment, the IC50 value of the compound is
0.01 to 10 mM, 0.01 to 9 mM, 0.01 to 8 mM, 0.01 to 7
mM, 0.01 to 6 mM, 0.01 to 5 mM, 0.01 to 4 mM, 0.01 to
3 mM, 0.01 to 2 mM, 0.01 to 1 mM, 0.05 to 7 mM, 0.05
to 6 mM, 0.05 to 5 mM, 0.05 to 4 mM, 0.05 to 3 mM,
0.05 to 2 mM, 0.05 to 1 mM, 0.05 to 0.5 mM, 0.1 to 7
mM, 0.1 to 6 mM, 0.1 to 5 mM, 0.1 to 4 mM, 0.1 to 3
mM, 0.1 to 2 mM, 0.1 to 1 mM, 0.1 to 0.5 mM, 0.1 to
0.4 mM, 0.1 to 0.3 mM, or 0.1 to 0.2 mM, and the ratio
of the IC50 values at pH 7.6 to pH 6.9 for the
compound is between 1 and 100, 2 and 100, 3 and 100, 4
and 100, 5 and 100, 6 and 100, 7 and 100, 8 and 100, 9
and 100, 10 and 100, 15 and 100, 20 and 100, 25 and
100, 30 and 100, 40 and 100, 50 and 100, 60 and 100,
70 and 100, 80 and 100, or 90 and 100. Definitions
Whenever a term in the specification is identified as
a range (i.e. Ci_4 alkyl), the range independently
refers to each element of the range. As a non-
limiting example, Ci_ alkylmeans, independently, C1, C
, C3 or C alkyl. Similarly, when one or more
substituents are referred to as being "independently
selected from" a group, this means that each
substituent can be any element of that group, and any
combination of these groups can be separated from the
group. For example, if R1 and R2 can be independently
selected from X, Y and Z, this separately includes the
groups R1 is X and R2 is X; R1 is X and R2 is Y; R1 is
X and R2 is Z; R1 is Y and R2 is X; R1 is Y and R2 is
Y; R1 is Y and R2 is Z; R1 is Z and R2 is X; R1 is Z
and R2 is Y; and R1 is Z and R2 is Z. The term "alkyl"
is used herein, unless otherwise specified, refers to
a substituted or unsubstituted, saturated, straight,
branched, or cyclic (also identified as cycloalkyl),
primary, 



secondary, or tertiary hydrocarbon, including but not
limited to those of Ci to C . Illustrative examples of
alkyl groups are methyl, ethyl, propyl, opropyl,
cyclopropyl, butyl, secbutyl, isobutyl, tertbutyl,
cyclobutyl, 1-methylbutyl, 1,1-dimethylpropyl, pentyl,
cyclopentyl, isopentyl, neopentyl, cyclopentyl, hexyl,
isohexyl, and cyclohexyl. Unless otherwise specified,
the alkyl group can be unsubstituted or substituted
with one or more moieties selected from the group
consisting of alkyl, halo, haloalkyl, hydroxyl,
carboxyl, acyl, acyloxy, amino, amido, carboxyl
derivatives, alkylamino, dialkylamino, arylamino,
alkoxy, aryloxy, nitro, cyano, thio, sulfonyl, ester,
carboxylic acid, amide, phosphonyl, phosphinyl,
thioether, oxime, or any other viable functional group
that does not inhibit the pharmacological activity of
this compound, either unprotected, or protected as
necessary, as known to those skilled in the art, for
example, as taught in Greene, et ah, Protective Groups
in Organic Synthesis , John Wiley and Sons, Second
Edition, 1991. In certain embodiments, alkyl may be
optionally substituted by one or more fluro, chloro,
bromo, iodo, hydroxy, heterocyclic, heteroaryl,
carboxy, alkoxy, nitro, NH , N(alkyl) 2, NH(alkyl),
alkoxycarbonyl, - N(H or alkyl)C(O)(H or alkyl), -N(H
or alkyl)C(O)N(H or alkyl)2, -N(H or alkyl)C(O)O(H or
alkyl), -OC(O)N(H or alkyl)2, -S(O)n-(H or alkyl),
-C(O)-N(H or alkyl)2, cyano, alkenyl, cycloalkyl,
acyl, hydroxyalkyl, heterocyclic, heteroaryl, aryl,
aminoalkyl, oxo, carboxyalkyl, -C(O)-NH2,
-C(O)-N(H)O(H or alkyl), -S(O)2-NH2, -S(O)n-N(H or
alkyl)2 and/or -S(O)2-N(H or alkyI)2. The term "halo"
or "halogen," refers to chloro, bromo, iodo, or
fluoro. The term "heteroaryl" or "heteroaromatic,"
refers to an aromatic that includes at least one
sulfur, oxygen, nitrogen or phosphorus in the aromatic
ring. The term "heterocyclic" refers to a non-aromatic
cyclic group wherein there is at least one heteroatom,
such as oxygen, sulfur, nitrogen, or phosphorus in the
ring. Nonlimiting examples of heteroaryl and
heterocyclic groups include furyl, furanyl, pyridyl,
pyrimidyl, thienyl, isothiazolyl,imidazolyl,
tetrazolyl, pyrazinyl, benzofuranyl, benzothiophenyl,
quinolyl, isoquinolyl, benzothienyl, isobenzofuryl,
pyrazolyl, indolyl, isoindolyl, benzimidazolyl,
purinyl, carbazolyl, oxazolyl, thiazolyl,
isothiazolyl, 1,2,4-thiadiazolyl, isooxazolyl,
pyrrolyl, quinazolinyl, cinnolinyl, phthalazinyl,
xanthinyl, hypoxanthinyl, thiophene, furan, pyrrole,
isopyrrole, pyrazole, imidazole, 1,2,3-triazole,
1,2,4-triazole, oxazole, isoxazole, thiazole,
isothiazole, pyrimidine or pyridazine, pteridinyl,
aziridines, thiazole, isothiazole, oxadiazole,
thiazine, pyridine, pyrazine, piperazine, piperidine,
pyrrolidine, oxaziranes, phenazine, phenothiazine,
morpholinyl, pyrazolyl, pyridazinyl, pyrazinyl,
quinoxalinyl, xanthinyl, hypoxanthinyl, pteridinyl,
5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidinyl,
pyrazolopyrimidinyl, adenine, N6-alkylpurines, N6-
benzylpurine, N6-halopurine, N6-vinypurine,
N6-acetylenic purine, N6-acyl purine,N6- hydroxyalkyl
purine, N6-thioalkyl purine, thymine, cytosine,
6-azapyrimidine, 2- mercaptopyrmidine, uracil,
N5-alkylpyrimidines, N5-benzylpyrimidines,
N5-halopyrimidines, N5-vinylpyrimidine, N5-acetylenic
pyrimidine, N5-acyl pyrimidine, N5-hydroxyalkyl
purine, and N6-thioalkyl purine, and isoxazolyl. The
heteroaromatic or heterocyclic group can be optionally
substituted with one or more substituent selected from
halogen, haloalkyl, alkyl, alkoxy, hydroxy, carboxyl
derivatives, amido, amino, alkylamino, dialkylamino.
The heteroaromatic can be partially or totally
hydrogenated as desired. Nonlimiting examples include
dihydropyridine and tetrahydrobenzimidazole. In some
embodiment, the heteroaryl may be optionally
substituted by one or more fluoro, chloro, bromo,
iodo, hydroxy, heterocyclic, heteroaryl, carboxy,
alkoxy, nitro, NH2, N(alkyl) 2, NH(alkyl),
alkoxycarbonyl, - N(H or alkyl)C(O)(H or alkyl), -N(H
or alkyl)C(O)N(H or alkyl)2, -N(H or alkyl)C(O)O(H or 



alkyl), -OC(O)N(H or alkyl)2, -S(O)n-(H or alkyl),
-C(O)-N(H or alkyl)2, cyano, alkenyl, cycloalkyl,
acyl, hydroxyalkyl, heterocyclic, heteroaryl, aryl,
aminoalkyl, oxo, carboxyalkyl, -C(O)-NH2,
-C(O)-N(H)O(H or alkyl), -S(O)2-NH2, -S(O)n-N(H or
alkyl)2 and/or -S(O)2-N(H or alkyl)2. Functional
oxygen and nitrogen groups on the heteroaryl group can
be protected as necessary or desired. Suitable
protecting groups are well known to those skilled in
the art, and include trimethylsilyl,
dimethylhexylsilyl, -butyldimethylsilyl, and
-butyldiphenylsilyl, trityl or substituted trityl,
alkyl groups, acyl groups such as acetyl and
propionyl, methanesulfonyl, and /?-tolylsulfonyl. The
term "aryl," unless otherwise specified, refers to a
carbon based aromatic ring, including phenyl,
biphenyl, or naphthyl. The aryl group can be
optionally substituted with one or more moieties
selected from the group consisting of hydroxyl, acyl,
amino, halo, alkylamino, alkoxy, aryloxy, nitro,
cyano, sulfonic acid, sulfate, phosphonic acid,
phosphate,or phosphonate, either unprotected, or
protected as necessary, as known to those skilled in
the art, for example, as taught in Greene, et ah,
"Protective Groups in Organic Synthesis," John Wiley
and Sons, Second Edition, 1991. In certain
embodiments, the aryl group is optionally substituted
by one or more fluro, chloro, bromo, iodo, hydroxy,
heterocyclic, heteroaryl, carboxy, alkoxy, nitro, NH2,
N(alkyl) 2, NH(alkyl), alkoxycarbonyl, -N(H or
alkyl)C(O)(H or alkyl), -N(H or alkyl)C(O)N(H or
alkyl)2, -N(H or alkyl)C(O)O(H or alkyl), -OC(O)N(H or
alkyl)2, -S(O)n-(H or alkyl), -C(O)-N(H or alkyl)2,
cyano, alkenyl, cycloalkyl, acyl, hydroxyalkyl,
heterocyclic, heteroaryl, aryl, aminoalkyl, oxo,
carboxyalkyl, -C(O)-NH2, - C(O)-N(H)O(H or alkyl),
-S(O)2-NH2, -S(O)n-N(H or alkyl)2 and/or -S(O)2-N(H or
alkyl)2. The term "aralkyl," unless otherwise
specified, refers to an aryl group as defined above
linked to the molecule through an alkyl group as
defined above. The term "alkaryl," unless otherwise
specified, refers to an alkyl group as defind above
linked to the molecule through an aryl group as
defined above. Other groups, such as acyloxyalkyl,
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkylaminoalkyl, alkylthioalkyl, amidoalkyl,
aminoalkyl, carboxyalkyl, dialkylaminoalkyl,
haloalkyl, heteroaralkyl, heterocyclicalkyl,
hydroxyalkyl, sulfonamidoalkyl, sulfonylalkyl and
thioalkyl are named in a similar manner. The term
"alkoxy," unless otherwise specified, refers to a
moiety of the structure -Oalkyl, wherein alkyl is as
defined above. The term "acyl," refers to a group of
the formula C(O)R' or "alkyl-oxy", wherein R' is an
alkyl, aryl, alkaryl or aralkyl group, or substituted
alkyl, aryl, aralkyl or alkaryl. The term "alkenyl"
The term "alkenyl" means a monovalent, unbranched or
branched hydrocarbon chain having one or more double
bonds therein. The double bond of an alkenyl group can
be unconjugated or conjugated to another unsaturated
group. Suitable alkenyl groups include, but are not
limited to (C2-Cg)alkenyl groups, such as vinyl,
allyl, butenyl, pentenyl, hexenyl, butadienyl,
pentadienyl, hexadienyl,
2-ethylhexenyl,2-propyl-2-butenyl,4-
(2-methyl-3-butene)-pentenyl. An alkenyl group can be
unsubstituted or substituted with one or two suitable
substituents. The term "carbonyl" refers to a
functional group composed of a carbon atom
doublebonded to an oxygen atom : -C=O. Similarly, C(O)
or C(=0) refers to a carbonyl group. The term "amino"
refers to -NH2 , -NH(alkyl) or -N(alkyl)2. The term
"thio" indicates the presence of a sulfur group. The
prefix thio- denotes that there is at least one extra
sulfur atom added to the chemical. The prefix 'thio-'
can also be placed before the name of a ompoundto mean
that an oxygen atom in the compound has beenreplaced
by a sulfur atom. Although typically the term "thiol"
is used to indicate the presence of -SH, in instances
in which the sulfur atom would be have improper
valance a radical if the 



hydrogen is improperly designated, the terms 'thio'
and 'thiol' are used interchangeably, unless otherwise
indicated. The term "amido" indicates a group (H or
alkyl)-C(O)-NH-. The term "carboxy" designates the
terminal group -C(O)OH. The term "sulfonyl" indicates
an organic radical of the general formula (H or
alkyl)- S(=O)2-(H or alkyl'), where there are two
double bonds between the sulfur and oxygen. The term
"pharmaceutically acceptable salt" refers to salts or
complexes that retain the desired biological activity
of the compounds of the present invention and exhibit
minimal undesired toxicological effects. Nonlimiting
examples of such salts are (a) acid addition salts
formed with inorganic acids (for example, hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric
acid, nitric acid, and the like), and salts formed
with organic acids such as acetic acid, oxalic acid,
tartaric acid, succinic acid, malic acid, ascorbic
acid, benzoic acid, tannic acid, pamoic acid, alginic
acid, polyglutamic acid, naphthalenesulfonic acid,
naphthalenedisulfonic acid, and polygalcturonic acid;
(b) base addition salts formed with metal cations such
as zinc, calcium, bismuth, barium, magnesium,
aluminum, copper, cobalt, nickel, cadmium, sodium,
potassium, and the like, or with a cation formed from
ammonia, N,N-dibenzylethylenediamine, D-glucosamine,
tetraethylammonium, or ethylenediamine; or (c)
combinations of (a) and (b); e.g., a zinc tannate salt
or the like. Also included in this definition are
pharmaceutically acceptable quaternary salts known by
those skilled in the art, which specifically include
the quaternary ammonium salt of the formula -NR+A ,
wherein R is H or alkyl and A is a counterion,
including chloride, bromide, iodide, -O-alkyl,
toluenesulfonate, methylsulfonate, sulfonate,
phosphate, or carboxylate (such as benzoate,
succinate, acetate, glycolate, maleate, malate,
citrate, tartrate, ascorbate, benzoate, cinnamoate,
mandeloate, benzyloate, and diphenylacetate). The term
"protected" as used herein and unless otherwise
defined refers to a group that is added to an oxygen,
nitrogen, or phosphorus atom to prevent its further
reaction or for other purposes. A wide variety of
oxygen and nitrogen protecting groups are known to
those skilled in the art of organic synthesis. It
should be understood that the various possible
stereoisomers of the groups mentioned above and herein
are within the meaning of the individual terms and
examples, unless otherwise specified. As an
illustrative example, " 1-methyl-butyl" exists in both
(R) and the (S) form, thus, both (R)-I -methyl-butyl
and (S)-I -methyl-butyl is covered by the term"
1-methyl-butyl", unless otherwise specified. Compounds
In one embodiment, methods of treatment or prophylaxis
of neuropsychiatric disorders, in particular
depression and anxiety, are provided comprising
administering a compound of Formula I or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof to a host in need thereof: FORMULA
I wherein: each L is independently Ci-C6 alkyl, Ci-C6
alkoxy, C(=O)-(Ci-C6)-alkyl, Ci-C6 haloalkyl, alkaryl,
hydroxy, -O-alkyl, -O-aryl, -SH, -S-alkyl, -S-aryl,
fluoro, chloro, bromo, iodo, nitro, or cyano; or two L
groups may be taken together with Ar1to form: a
dioxolane ring or a cyclobutane ring; k = 0, 1, 2, 3,
4 or 5; each Ar1 and Ar2 is independently aryl or
heteroaryl; W is a bond, C1-C4 alkyl, or C -C alkenyl;



X is a bond, NR1 or O; each R1 and R2 is independently
H, Ci-C6 alkyl, C -C6 alkenyl or C6-Ci2 aralkyl; or R1
and R2 can be taken together to form a 5-8 membered
ring; each R3 and R4 is independently H, Ci-C6 alkyl,
Ci-C6 alkoxy, C(=O)-(Ci-C6)-alkyl, Ci-C6 haloalkyl,
hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano;
or CR3R4 is C=O; n and p are each independently 1, 2,
3 or 4; each R5 and R6 is independently H, Ci-C6
alkyl, Ci-C6 alkoxy, C(=O)-(Ci-C6)-alkyl, Ci-C6
haloalkyl, hydroxy, fluoro, chloro, bromo, iodo,
nitro, or cyano; or CR5R6 is C=O or C=CH2; or wherein
-NR2- (CR5R6)P- can be CH2- ; Y is a bond, O, S, SO,
SO2, CH2, NH, N(Ci-C 6 alkyl), or NHC(=0);Z is OH,
NR6R7,NR8SO2(Ci-C6 alkyl),
NR8C(O)NR6R7,NR8C(S)NR6R7,NR8C(O)O(Ci-C6 alkyl),
NR8-dihydrothiazole, or NR8-dihydroimidazole; wherein
each R6 , R7 and R8 is independently H, Ci-C alkyl or
C6-Ci aralkyl; or , or NR9 ; wherein R9 and R10 are
each independently H, CI-C6 alkyl, aralkyl. In one
embodiment, when Y is NHC(=0), Z is not OH or
NR8SO2(Ci-C6 alkyl). In one subembodiment, when R1 and
R2 are taken together to form a 5-8 membered ring so
that , Y-Ar2 is not NH-heteroaryl. In another
subembodiment, when R1 and R2 are taken together to
form a 5-8 membered ring so that - (CR3R4 - N N- \ f
NR^(CR 3R4VNR 2- is R1 R2 Y is not NHC(=0). In one
embodiment, X is NR1. In another embodiment, X is O.
In another embodiment, X is a bond. In a particular
subembodiment, X is a bond, n is 1, R3 and R4 are both
H, and W is C2 alkenyl. In particular subembodiment,
Ar1 is phenyl, pyridyl, pyrimidinyl, thiophenyl,
imidazolyl, furanyl, indolyl, benzothiophenyl,
benzofuranyl, or benzoimidazolyl. In another
particular subembodiment, L is C1-C4 alkyl, Ci-C
alkoxy, C(=O)-(Ci-C4)- alkyl, Ci-C6 haloalkyl,
hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano.
In a further subembodiment, L is methyl,
trifluoromethyl, methoxy, nitro, fluoro, chloro or
hydroxy. In one further subembodiment, there are one,
two or three L groups substituting Ar1. In one
subembodiment, Ar1 is substituted with one fluoro
group. In one subembodiment, Ar1 is substituted with
two fluoro groups. In one subembodiment, Ar1 is
substituted with one fluorogroup and one chloro group.
In one subembodiment, Ar1 is substituted with one
chloro group. In one subembodiment, Ar1 is substituted
with two chloro groups. In one subembodiment, Ar1 is
substituted with one methyl group. In one
subembodiment, Ar1 is substituted with one
trifluoromethyl group. In one subembodiment, Ar1 is
phenyl. In one subembodiment, Ar1 is phenyl and is
substituted with an L group at the 2, 3, or 4
position. In another subembodiment, Ar1 is phenyl and
is substituted with L groups at the 2 and 4 positions.
In another subembodiment, Ar1 is phenyl and is
substituted with L groups at the 3 and 4 positions. In
one subembodiment, Ar1 is pyridyl. In another
subembodment, Ar1 is 2-pyridyl, 3- pyridyl, or
4-pyridyl. In one embodiment, Ar1 is a bicyclic group
wherein the W group is attached to the heterocyclic
ring. In one embodiment, W is a bond. In another
embodiment, W is CH . In another embodiment, W is C -C
alkenyl. 



In one embodiment, each R1 and R2 is independently H
or Ci-C alkyl, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, c-butyl or tert-butyl. In one
embodiment, R1 and R2 are both H. In one embodiment,
R1 and R2 are both Ci-C4 alkyl, for example n-butyl.
In another embodiment, R1 and R2 can be taken together
to form a 5-8 membered ring so that -NR1-(CR3R4)n-NR2-
. In one embodiment, n is 2. In one embodiment, n is
3. In another embodiment, R1 and R2 are each CH2. In a
subembodiment, CR3R4 is CH2 and n is 2. In a
subembodiment, CR3R4 in CH2 and n is 3. In a
subembodiment, CR3R4 is C=O and n is 1. \ 1_ 2 ' - N
N- - N N- - N NIn one embodiment, is , ' , orIn one
embodiment, each R5 and R6 is independently H, Ci-C
alkyl, Ci-C alkoxy, C(=0)-(Ci-C4)-alkyl, Ci-C4
haloalkyl, hydroxy, fluoro, chloro, bromo, iodo,
nitro, or cyano. In one embodiment, CR5R6 is C=O or
C=CH2. In one embodiment, p is 2, 3, or 4. In another
embodiment, p is 3. In one embodiment, R5 and R6 are
H. In another embodiment, one of R5 and R6 is hydroxy.
In another embodiment, CR5R6 is C=CH . In another
embodiment, CR5R6 is C=O. In one embodiment, (CR5R6)P
is selected from the group consisting of Compounds of
Formula I can include compounds wherein when p is
greater than 1, each (CR5R6) can be independently
selected, for example, in one embodiment p is 2 and
one (CR5R6) is C=O and the other (CR5R6) is CH2. In
one embodiment, R5 is not fluoro. In another
embodiment, R is not fluoro. In one embodiment, -NR -
In a particular subembodiment, the compound is . In
anotherparticular subembodiment, the compound is In
one embodiment, Y is a bond, O or CH . In one
embodiment, Y is O. In another embodiment, Y is CH .
In one embodiment, Y is not NH. In another embodiment,
Y is not NHC(=O). In one embodiment, Ar2 is aryl. In
one embodiment, Ar2 is aryl, but not phenyl or
heteroaryl. In one embodiment Ar2 is phenyl. In one
subembodiment, Ar2 is phenyl and is substituted with a
Z group at the 4 position. In one embodiment, Ar2 is
not heteroaryl. In one embodiment, Ar2 is aryl, but
not phenyl or heteroaryl. In one embodment, Z is OH,
NR6R7,NR8SO2(Ci-C6 alkyl), NR8C(O)NR6R7,
NR8C(S)NR6R7,NR8C(O)O(Ci-C 6 alkyl),
NR8-dihydrothiazole, or NR8-dihydroimidazole. In one
embodiment, Ar2 Z is , , : subembodiment, R9 and R10
are each H. In one embodiment, Z is NR8C(O)NR6R7, for
example NHC(O)NH 2 or NHC(O)N(CHs) 2. In another
embodiment, Z and Ar2 are taken together and selected
from the groupconsisting of: In one embodiment, the
compound is a compound of Formula I, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof, wherein: L is Ci-C 6 alkyl, Ci-C 6
alkoxy, C(=O)-(Ci-C 6)-alkyl, Ci-C 6 haloalkyl,
alkaryl, hydroxy, -Oalkyl, -O-aryl, -SH, -S-alkyl,
-S-aryl, fluoro, chloro, bromo, iodo, nitro, or cyano;
or two L groups may be taken together with Ar 1to form
a dioxolane ring or a cyclobutane ring; k = 0, 1, 2,
3, 4 or 5; Ar 1 is phenyl, pyridyl, pyrimidinyl,
thiophenyl, imidazolyl, furanyl, indolyl,
benzothiophenyl, benzofuranyl, benzoimidazolyl; Ar2 is
phenyl; W is a bond, C1-C4 alkyl, or C -C alkenyl;
each R1 and R2 is independently H, Ci-C 4 alkyl; or 



R1 and R2 can be taken together to form a 5-8 membered
ring; each R3 and R4 is independently H, C1-C6 alkyl,
C1-C6 alkoxy, C(=O)-(C r C6)-alkyl, C1-C6 haloalkyl,
hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano;
or CR3R4 is C=O; n = 1, 2, 3 or 4; each R5 and R6 is
independently H, Ci-C 6 alkyl, Ci-C 6 alkoxy,
C(=O)-(Ci-C 6)-alkyl, Ci-C 6 haloalkyl, hydroxy,
fluoro, chloro, bromo, iodo, nitro, or cyano; or CR5R6
is C=O, C=CH2; Y is a bond, O, S, SO, SO2, CH2, NH,
N(Ci-C 6 alkyl), NHC(=0); Z is OH, NH2, NHSO 2(Ci-C 4
alkyl), NHC(O)NR 6R7, NR8C(S)NR 6R7, NHC(O)O(Ci-C 4
alkyl), NH-dihydrothiazole, or NH-dihydroimidazole;
wherein each R6 and R7 is independently H, Ci-C 6
alkyl; or; wherein R9 and R10 are each independently H
or C1-C4 alkyl. In one embodiment, the compound is a
compound of Formula I, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof,
wherein: L is Ci-C 6 alkyl, Ci-C 6 alkoxy, C(=O)-(Ci-C
6)-alkyl, Ci-C 6 haloalkyl, alkaryl, hydroxy, -Oalkyl,
-O-aryl, -SH, -S-alkyl, -S-aryl, fluoro, chloro,
bromo, iodo, nitro, or cyano; or two L groups may be
taken together with Ar 1to form a dioxolane ring or a
cyclobutane ring; k = 0, 1, 2, 3, 4 or 5; Ar 1 is
phenyl, pyridyl, pyrimidinyl, thiophenyl, imidazolyl,
furanyl, indolyl, benzothiophenyl, benzofuranyl,
benzoimidazolyl; Ar2 is phenyl; W is a bond, Ci-C 4
alkyl, or C2-C4 alkenyl; each R1 and R2 is
independently H, Ci-C 4 alkyl; or R1 and R2 can be
taken together to form a 5-8 membered ring; each R3
and R4 is independently H, C1-C6 alkyl, C1-C6 alkoxy,
C(=O)-(C r C6)-alkyl, C1-C6 haloalkyl, hydroxy,
fluoro, chloro, bromo, iodo, nitro, or cyano; or CR3R4
is C=O; n = 1, 2, 3 or 4; each R5 and R6 is
independently H, Ci-C 6 alkyl, Ci-C 6 alkoxy,
C(=O)-(Ci-C 6)-alkyl, Ci-C 6 haloalkyl, hydroxy,
fluoro, chloro, bromo, iodo, nitro, or cyano; or CR5R6
is C=O, C=CH2; Y is a bond, O, S, SO, SO2, CH2, NH,
N(Ci-C 6 alkyl), NHC(=0); Z is OH, NH2, NHSO 2(Ci-C 4
alkyl), NHC(O)NR 6R7, NR8C(S)NR 6R7, NHC(O)O(Ci-C 4
alkyl), NH-dihydrothiazole, or NH-dihydroimidazole;
wherein each R6 and R7 is independently H, Ci-C 6
alkyl; or; wherein R9 and R10 are each independently H
or C1-C4 alkyl. In one embodiment, the compound is a
compound of Formula I, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof,
wherein: L is Ci-C 4 alkyl, Ci-C 4 alkoxy, C(=O)-(Ci-C
4)-alkyl, Ci-C 4 haloalkyl, alkaryl, hydroxy, -Oalkyl,
-O-aryl, -SH, -S-alkyl, -S-aryl, fluoro, chloro,
bromo, iodo, or nitro; or two L groups may be taken
together to form a dioxolane ring with Ar 1; k = 0, 1,
2, 3, 4 or 5; Ar 1 is phenyl or pyridyl; Ar2 is
phenyl; W is a bond or Ci-C 4 alkyl; X is NR1; each R1
and R2 is independently H or Ci-C 4 alkyl; or R1 and
R2 can be taken together to form a 5-8 membered ring;
each R3 and R4 is independently H or Ci-C 4 alkyl; or
CR3R4 is C=O; 



n = 2 or 3; each R5 and R6 is independently H, Ci-C 4
alkyl or OH; or CR4R5 is C=O or C=CH2; Y is O or CH2;
Z is OH, NH2, NHSO 2(Ci-C 4 alkyl), NHC(O)NR 6R7,
NR8C(S)NR 6R7, NHC(O)O(Ci-C 4 alkyl),
NH-dihydrothiazole, or NH-dihydroimidazole; wherein
each R6 and R7 is independently H or Ci-C 4 alkyl; or
R9 is H or Ci-C 4 alkyl. In one embodiment, the
compound is a compound of Formula I, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof, wherein:L is Ci-C4 alkyl, Ci-C4
alkoxy, C(=O)-(Ci-C4)-alkyl, Ci-C4 haloalkyl, alkaryl,
hydroxy, -Oalkyl, -O-aryl, -SH, -S-alkyl, -S-aryl,
fluoro, chloro, bromo, iodo, or nitro; or two L groups
may be taken together to form a dioxolane ring with
Ar1; k = 0, 1, 2, 3, 4 or 5; Ar1 is phenyl or pyridyl;
Ar2 is phenyl; W is a bond or Ci-C4 alkyl; X is O; R2
is H or Ci-C4 alkyl; each R3 and R4 is independently H
or Ci-C4 alkyl; or CR3R4 is C=O; n = 2 or 3; each R5
and R6 is independently H, C1-C4 alkyl or OH; or CR4R5
is C=O or C=CH2; Y is O or CH2; Z is OH, NH2,
NHSO2(Ci-C4 alkyl), NHC(O)NR6R7, NHC(O)O(Ci-C 4
alkyl), NHdihydrothiazole, or NH-dihydroimidazole;
wherein each R6 and R7 is independently H or C1- C4
alkyl; or R9 is H or Ci-C4 alkyl. In one embodiment,
the compound is a compound of Formula I, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof, wherein: L is Ci-C4 alkyl, C1-C4
alkoxy, C(=O)-(Cr C4)-alkyl, C1-C4 haloalkyl, hydroxy,
fluoro, chloro, bromo, iodo, or nitro; or two L groups
may be taken together to form a dioxolane ring with
Ar1; k = 0, 1, 2, 3, 4 or 5; Ar1 is phenyl or pyridyl;
Ar2 is phenyl; W is C2-C4 alkenyl; X is a bond; R2 is
H or Ci-C4 alkyl; each R3 and R4 is independently H or
Ci-C4 alkyl; or CR3R4 is C=O; n = 1, 2 or 3;each R5
and R6 is independently H, Ci-C4 alkyl or OH; or CR4R5
is C=O or C=CH2; Y is O or CH2; Z is OH, NH2,
NHSO2(Ci-C4 alkyl), NHC(O)NR6R7,NR8C(S)NR6R7,
NHC(O)O(Ci-C 4 alkyl), NH-dihydrothiazole, or
NH-dihydroimidazole; wherein each R6 and R7 is
independently H or Ci-C4 alkyl; or R9 is H or Ci-C4
alkyl. In one embodiment, the compound is selected
from the compounds in Table 1. Table 1. 1-yl] -2-- 



sulfonamide In one embodiment, the compound is
selected from the compounds in Table 2. Table
2.-2-(S)- In one embodiment, the compound is selected
from the compounds in Table 3. Table
3.-2-(S)--2-(S)--yl] -2-(S)- 1-yl]- In one embodiment,
the compound is selected from the compounds in Table
4. Table 4.1- ester 1-yl)- 1-yl)- 1-yl)-
1-yl)-2-1-yl)- 1- 1-yl)-2-1-yl)-2- 1-yl)- 1-yl)-2-
1-yl)-2- 1- 1-yl)-2- 1-1-yl)-2- 1-yl)-2- 1- 1-yl)-2-
1-yl)-2-1- 1-yl)-2- 1-yl)-2- 1-yl)-2- 1-
-yl)-2-1-yl)-2- 1-yl)- 1-yl)-2-1-yl)- 1- 1-yl)-2-
1-yl)-2- 1-yl)-2-1-yl)-2- 1-yl)-2- In one embodiment,
the compound is selected from the compounds in Table
5. Table 5.METHOD FOR RECOVERING A NATURAL GAS
CONTAMINATED WITH HIGH LEVELS OF CO2 Cross Reference
to Related Applications This application claims
priority from U.S. Provisional Application Ser. No.
61/053,233 filed May 15, 2008, which is hereby
incorporated by reference in its entirety. Field of
the Invention The present invention is directed to a
method for recovering a natural gas contaminated with
high levels of CO2. 



Background of the Invention Natural gas is a fuel gas
used extensively in the petrochemical and other
chemicals businesses. Natural gas is comprised of
light hydrocarbons -primarily methane, with smaller
amounts of other heavier hydrocarbon gases such as
ethane, propane, and butane. Natural gas may also
contain some quantities of non-hydrocarbon
"contaminant" components such as carbon dioxide and
hydrogen sulfide. Natural gas is often extracted from
natural gas fields that are remote or located off
shore. Conversion of natural gas to a liquid
hydrocarbon is often required to produce an
economically viable product when the natural gas field
from which the natural gas is produced is remotely
located with no access to a gas pipeline. One method
commonly used to convert natural gas to a liquid
hydrocarbon is to cryogenically cool the natural gas
to condense the hydrocarbons into a liquid. Another
method that may be used to convert natural gas to a
liquid hydrocarbon is to convert the natural gas to a
synthesis gas by partial oxidation or steam reforming,
and subsequently converting the synthesis gas to a
liquid hydrocarbon, such as that produced by a
Fisher-Tropsch reaction. Synthesis gas prepared from
natural gas may also be converted to a liquid
hydrocarbon oxygenate such as methanol.
Non-hydrocarbon components of natural gas are
generally considered contaminants when converting the
natural gas to a liquid hydrocarbon or a liquid
hydrocarbon oxygenate. Carbon dioxide is one such
non-hydrocarbon contaminant, particularly when present
in the natural gas in large quantities. In a cryogenic
cooling process to liquefy hydrocarbons in a natural
gas, carbon dioxide may crystallize when cryogenically
cooling the natural gas, blocking valves and pipes
used in the cooling process. Further, carbon dioxide
utilizes volume in acryogenically cooled liquid
hydrocarbon/carbon dioxide mixture that would
preferably be utilized only by the liquid hydrocarbon,
particularly when the liquid hydrocarbon is to be
transported from a remote location. Carbon dioxide
also may impair conversion of natural gas to synthesis
gas so that a liquid hydrocarbon or a liquid
hydrocarbon oxygenate cannot be prepared by converting
the natural gas to a synthesis gas and subsequently
converting the synthesis gas to a liquid hydrocarbon
or liquid hydrocarbon oxygenate. Significant
quantities of carbon dioxide may impair conversion of
a natural gas to synthesis gas by either partial
oxidation or by steam reforming. Partial oxidation of
the natural gas to produce synthesis gas is usually
effected by combustion of the natural gas with an
oxygen containing gas at high temperatures- typically
at least 7000C when the partial oxidation is
catalytically induced and at least 9000C when the
partial oxidation is effected with no catalyst. If a
significant amount of carbon dioxide is present in the
natural gas, the carbon dioxide tends to quench the
combustion, limiting the effectiveness of the partial
oxidation reaction to produce synthesis gas from the
natural gas. Additionally, further processing a hot
synthesis gas product produced by partial oxidation
involves significant heat transfer and loss of thermal
energy since the synthesis gas produced by partial
oxidation must be cooled by at least 4000C, typically
at least 5000C to 7000C, prior to its utilization to
produce a liquid hydrocarbon or a liquid hydrocarbon
oxygenate, and much thermal energy is lost in such
heat transfers. Thermal energy loss from partial
oxidation of a natural gas containing large quantities
of carbon dioxide at temperatures exceeding 7000C is
particularly excessive since the large volume of
carbon dioxide present in the natural gas must be
extensively cooled after partial 



oxidation as well as the synthesis gas product. Highly
active partial oxidation catalysts, e.g. those
disclosed in Applied Catalysis A: General, Volume 292,
18 September 2005, pp. 177-188 consisting of rhodium
or ruthenium on a carrier, may be used to effect a
catalytic partial oxidation of methane or natural gas
at lower temperatures, for example, from 3500C to
7000C. Catalytic partial oxidation at these lower
temperatures with these catalysts is disclosed to
generate carbon dioxide as a product, which is
undesirable when the starting feed material is already
highly contaminated with carbon dioxide. Further,
auto-ignition of a hydrocarboneous feed and an oxygen
containing gas would be expected to be quenched by
high levels of carbon dioxide at such low
temperatures.Steam reforming natural gas to produce
synthesis gas is an endothermic process, unlike
partial oxidation, and requires input of heat to drive
the reaction. If a significant amount of carbon
dioxide is present in the natural gas, the heat duty
required to produce the synthesis gas is large since
heat must be supplied to heat the carbon dioxide as
well as the methane and steam reactants. Further, the
carbon dioxide acts as a diluent, reducing the rate of
the steam reforming reaction by reducing the
interaction of the methane and water molecules. Steam
reforming, like partial oxidation, involves
significant heat transfer and loss of thermal energy
to reduce the temperature of the synthesis gas product
prior to its utilization to produce a liquid
hydrocarbon or a liquid hydrocarbon oxygenate due to
the high temperatures at which steam reforming must be
effected-typically from 7000C to 10000C. As a result
of the difficultly of processing natural gas
contaminated with carbon dioxide, carbon dioxide
present in a carbon dioxide contaminated natural gas
is generally separated from the hydrocarbon components
of the natural gas prior to processing the natural gas
to a liquid. Separation techniques include scrubbing
the natural gas with a liquid chemical, e.g. an amine,
to remove carbon dioxide, passing the natural gas
through molecular sieves selective to separate carbon
dioxide from the natural gas, and passing the natural
gas through a membrane selective to separate carbon
dioxide from the natural gas. These methods of
separating carbon dioxide from a natural gas are
effective for natural gases containing 40 vol.% or
less of carbon dioxide, more typically 20 vol.% or
less, but are either ineffective or commercially
prohibitive in energy costs to separate carbon dioxide
from natural gas when the natural gas is contaminated
with at least 50 vol.% of carbon dioxide. Production
of natural gas from natural gas fields containing
natural gas contaminated with at least 50 vol.% carbon
dioxide is generally not undertaken due to the
difficulty of producing liquid hydrocarbons or liquid
hydrocarbon oxygenates from natural gas contaminated
with such large quantities of carbon dioxide and the
difficultly of removing carbon dioxide from the
natural gas when present in such a large quantity.
However, some of the largest natural gas fields
discovered to date are contaminated with high levels
of carbon dioxide. Therefore, there is a need for an
energy efficient, effective method to produce liquid
hydrocarbons or liquid hydrocarbon oxygenates from a
natural gas highly contaminated with carbon
dioxide.U.S. Patent No. 6,702,960 provides a process
for the catalytic partial oxidation of a
hydrocarbonaceous feedstock to produce a synthesis
gas. The hydrocarbonceous feedstock may be methane,
natural gas, or other sources of light hydrocarbons,
and optionally may contain up to 60 vol.% carbon
dioxide, especially 0.1-40 vol.% carbon dioxide.
Although the process provides that a hydrocarbonaceous
feed containing greater than 50 vol.% carbon dioxide
(e.g. up to 60 vol.%), may be partially oxidized the
partial 



oxidation is effected at a temperature of from 7500C
to 14000C, which, as described above, is inefficient
energetically due to loss of thermal energy in heat
transfers, requires large heat exchangers formed of
materials specifically constructed to withstand very
high temperatures, and is subject to inefficient
operation due to high levels of carbon dioxide
quenching the combustion. Improved processes are
desirable for processing a natural gas contaminated
with greater than 50 vol.% carbon dioxide to enable
production of liquid hydrocarbons or liquid
hydrocarbon oxygenates from natural gas fields
containing high levels of carbon dioxide. In
particular, more energy efficient processes that are
effective for converting a natural gas contaminated
with at least 50 vol.% carbon dioxide to a synthesis
gas and subsequently to a liquid hydrocarbon or a
liquid hydrocarbon oxygenate are desirable. Summary of
the Invention The present invention is directed to a
process for recovering a natural gas contaminated with
high levels of CO2 and converting the natural gas into
a liquid hydrocarbon containing one or more
hydrocarbons or a liquid hydrocarbon oxygenate
containing one or more liquid hydrocarbon oxygenates,
comprising: a) extracting a gas comprising carbon
dioxide and methane from a reservoir containing
natural gas, where carbon dioxide comprises at least
50 vol.% of the extracted gas; and b) oxidizing the
extracted gas with an oxygen containing gas in the
presence of a partial oxidation catalyst at a
temperature of less than 6000C to produce an oxidation
product gas containing hydrogen, carbon monoxide, and
carbon dioxide, where the molar ratio of oxygen from
the oxygen containing gas to carbon from the
hydrocarbons of the extracted gas is less than one; c)
utilizing the oxidation product gas to produce the
liquid hydrocarbon containing one or more hydrocarbons
or the liquid hydrocarbon oxygenate containing one or
more hydrocarbon oxygenates.In an embodiment, the
oxidation product gas is utilized to produce a liquid
hydrocarbon oxygenate by: a) optionally contacting the
oxidation product gas with steam and a water-gas shift
catalyst at a temperature of from 2000C to 4000C and a
pressure of from 0.1 MPa to 15 MPa to produce a
water-gas shifted oxidation product gas; and b)
contacting the oxidation product gas or the water-gas
shifted oxidation product gas with a hydrocarbon
oxygenate synthesis catalyst at a temperature of from
2000C to 3000C and a pressure of from 5 MPa to 15 MPa
to produce a hydrocarbon oxygenate product gas
containing a hydrocarbon oxygenate; c) optionally
separating one or more non-hydrocarbon oxygenate gases
from the hydrocarbon oxygenate product gas to produce
a hydrocarbon oxygenate-enriched hydrocarbon oxygenate
product gas; and d) separating liquid hydrocarbon
oxygenate from the hydrocarbon oxygenate product gas
or the hydrocarbon oxygenate-enriched hydrocarbon
oxygenate product gas. In an embodiment the
hydrocarbon oxygenate is methanol. In another
embodiment, the oxidation product gas is utilized to
produce a liquid hydrocarbon by: a) optionally
contacting the oxidation product gas with steam and a
water-gas shift catalyst at a temperature of from
2000C to 4000C and a pressure of from 0.1 MPa to 15
MPa to produce a water-gas shifted oxidation product
gas; 



b) contacting the oxidation product gas or the
water-gas shifted oxidation product gas with a
Fisher-Tropsch catalyst at a temperature of from 2000C
to 4000C and a pressure of from 1MPa to 5 MPa to
produce a hydrocarbon product gas; c) optionally
separating one or more non-hydrocarbon gases from the
hydrocarbon product gas to produce a
hydrocarbon-enriched hydrocarbon product gas; and d)
separating liquid hydrocarbons from the hydrocarbon
product gas or the hydrocarbon-enriched hydrocarbon
product gas. Brief Description of the Drawings Fig. 1
is a schematic of a system that may be used to
practice the process of the present invention.
Detailed Description of the Invention The present
invention provides a process for recovering a natural
gas from a natural gas field contaminated with at
least 50 vol.% CO2 and converting the recovered
natural gasinto a liquid hydrocarbon containing one or
more liquid hydrocarbons or a liquid hydrocarbon
oxygenate containing one or more liquid hydrocarbon
oxygenates. According to the process of the invention,
natural gas contaminated with at least 50 vol.% CO2 is
extracted from a natural gas field and is converted to
an oxidation product gas including synthesis gas by
catalytic partial oxidation without separating the CO2
from the natural gas. The catalytic partial oxidation
is effected at a temperature of less than 6000C
utilizing a catalyst having an activity sufficient to
catalyze the partial oxidation of hydrocarbons in the
natural gas at such temperatures. The high levels of
CO2 present in the contaminated natural gas may act as
an oxidation reaction regulator to help maintain the
temperature of the exothermic catalytic partial
oxidation reaction below 6000C. The resulting
oxidation product gas, including the CO2 and synthesis
gas, is then utilized to produce a liquid hydrocarbon
product or a liquid hydrocarbon oxygenate product. In
an embodiment, the resulting oxidation product gas is
utilized to produce methanol, where the CO2 present in
the oxidation product gas participates in the methanol
synthesis reaction to increase the rate of conversion
of carbon monoxide and hydrogen to methanol. In
another embodiment, the resulting oxidation product
gas is utilized to produce liquid hydrocarbons in a
Fisher- Tropsch synthesis reaction. The CO2 is easily
separated from the liquid hydrocarbon product or
liquid hydrocarbon oxygenate product by condensing the
liquid hydrocarbon product or liquid hydrocarbon
oxygenate product and separating the condensate from
the CO2 containing gas. The process of the present
invention enables efficient production of liquid
hydrocarbon products or liquid hydrocarbon oxygenate
products from natural gas contaminated with high
levels of CO2 relative to conventional methods for
processing natural gas to liquid hydrocarbons or
liquid hydrocarbon oxygenates. In one aspect, the
process of the present invention is much more
efficient than such conventional processes in that the
process of the present invention does not generate
large amounts of thermal energy in the production of a
synthesis gas that may be lost in inefficient heat
exchange processes. In the process of the present
invention, synthesis gas is produced as part of an
oxidation product gas from a low temperature catalytic
partial oxidation reaction conducted at less than
6000C-in part because the high levels of CO2
contaminating the natural gas are utilized to maintain
the temperature of the partial oxidation reaction
below 6000C. A relatively small amount of heat must be
removed from the oxidation product gas containing the
synthesis gas prior to reacting the oxidation product
gas to produce a liquidhydrocarbon product or a liquid
hydrocarbon oxygenate product-typically at most 3000C.
As a result, little thermal energy is lost in heat
exchange processes relative to conventional 



methods for processing natural gas into liquid
hydrocarbons or liquid hydrocarbon oxygenates. The
relative energy efficiency of the process of the
present invention permits the recovery of natural gas
from natural gas fields contaminated with 50 vol.% or
more CO2. No energy is required to separate CO2 from
the natural gas prior to forming a synthesis gas from
the natural gas, and the thermal energy efficiency of
the process limits energy losses sufficiently to make
recovery of the CO2 contaminated natural gas
commercially feasible. The relative energy efficiency
of the process of the present invention also renders
recovery of natural gas from natural gas fields
contaminated with at least 50 vol.% CO2 practical from
an equipment and materials standpoint. Reactors and
equipment may be utilized that are formed of standard
materials capable of withstanding temperatures of up
to 6000C instead of specialized materials designed to
withstand very high temperature catalytic partial
oxidation reactions, partial oxidation reactions, or
steam reforming reactions. Smaller heat exchange
equipment may also be utilized relative to heat
exchange equipment required for very high temperature
processes, which is important when the process is
implemented in a remote location or offshore. As used
herein, when two or more elements are described as
"operatively connected" or "operatively coupled", the
elements are defined to be directly or indirectly
connected. In the context of elements defining a flow
path for a gas or a liquid, the term operatively
connected or operatively coupled indicates that the
designated elements are connected directly or
indirectly to permit fluid or gas flow between the
elements. In the context of elements for generating
and/or consuming electricity, the term operatively
connected or operatively coupled indicates that the
designated elements are electrically connected either
directly or indirectly. As used herein, the term
"natural gas" is defined as a gas containing one or
more hydrocarbons that may contain additional
non-hydrocarbon components including carbon dioxide,
carbon monoxide, nitrogen, and hydrogen sulfide.
Referring now to Fig. 1, which shows a system useful
for practicing a process of the present invention, a
process in accordance with the present invention will
be described. Initially, a natural gas comprising
methane and carbon dioxide is extracted from a natural
gas reservoir 1, where the extracted gas contains at
least 50 vol.% carbon dioxide. Thenatural gas
reservoir 1 may contain a natural gas comprising
methane and carbon dioxide, where the carbon dioxide
comprises at least 50 vol.% of gas in the natural gas
reservoir 1, or may contain a natural gas comprising
methane and carbon dioxide where the carbon dioxide
comprises less than 50 vol.% of the natural gas in the
reservoir 1, but where the gas extracted from the
reservoir 1 comprises at least 50 vol.% carbon
dioxide. The gas extracted from the natural gas
reservoir 1 may be extracted according to conventional
methods for extracting a gas from a natural gas
reservoir. In an embodiment, the gas may be extracted
from the natural gas reservoir 1 by drilling a natural
gas well 3 into the natural gas reservoir 1 and
extracting the gas from the natural gas reservoir 1
through the well 3. Conventional methods for assisting
extraction of a gas from a natural gas reservoir may
be utilized to aid in extraction of the gas from the
reservoir 1, for example, acidizing and fracturing may
be used to aid in extraction of the gas from the
reservoir 1. The reservoir 1 may be acidized by
injecting an acid, typically hydrochloric acid, into
the reservoir through the well 3 to dissolve portions
of rock in the reservoir 1 to increase flow of gas
into and through the well 3. The reservoir 1 may be
fractured to open the reservoir formation for
increased gas flow by injecting a high pressure fluid
or gas through the well 



3 into the reservoir 1. The high pressure fluid or gas
utilized for fracturing may be water or, in a
preferred embodiment, carbon dioxide, where the carbon
dioxide is provided from a by-product stream of the
process of the present invention, as described below.
The gas extracted from the natural gas reservoir will
contain methane and carbon dioxide, where the carbon
dioxide comprises at least 50 vol.% of the extracted
gas. In an embodiment, the carbon dioxide may comprise
at least 55 vol.%, or more than 60 vol.%, or at least
65 vol.%, or at least 70 vol.%, or at least 75 vol.%,
or at least 80 vol.% of the extracted gas. The
extracted gas may also contain other compounds, for
example, the extracted gas may contain low molecular
weight hydrocarbon gases other than methane such as
ethane, propane, and butane, and may also contain
gaseous sulfur containing compounds, for example,
hydrogen sulfide. The extracted gas forms a feedstock
for a process for converting hydrocarbons,
particularly methane, in the extracted gas to one or
more liquid hydrocarbons and/or one or more liquid
hydrocarbon oxygenates. The process includes the steps
of catalytically partially oxidizing the extracted gas
to form an oxidation product gas containing synthesis
gas, and subsequently, utilizing the oxidation product
gas, or a derivative thereof, as afeedstock for
producing a hydrocarbon oxygenate or a hydrocarbon and
subsequently condensing the hydrocarbon oxygenate or
hydrocarbon to a liquid. After extraction, the
extracted gas is delivered to processing equipment
effective to conduct the process of the invention. In
an embodiment, line 5 and valve 7 may be used to
control the flow of the extracted gas from the well 3
into the process. The extracted gas may be conditioned
prior to being catalytically partially oxidized. The
extracted gas may be conditioned for catalytic partial
oxidation by one or more steps including 1)
depressurizing; 2) treating the extracted gas to
remove sulfur from the extracted gas; and/or 3)
heating the extracted gas. The one or more steps may
be coordinated to provide optimal conditioning of the
extracted gas for catalytic partial oxidation, for
example, the extracted gas may be desulfurized in one
or more steps in coordination with one or more heating
steps. The extracted gas will typically be at a
relatively high pressure since natural gas extracted
from a natural gas reservoir is generally a relatively
high pressure gas. In an embodiment, the extracted gas
may have a pressure of from 1MPa to 30 MPa. In an
embodiment, the extracted gas may have a pressure of
from 5 MPa to 15 MPa which is within a preferred
pressure range in which most of the steps of the
process of the present invention are conducted, so
that the pressure of the extracted gas need not be
adjusted prior to feeding the extracted gas as a
feedstock for catalytic partial oxidation. In an
embodiment, the extracted gas may be at very high
pressure when extracted from the reservoir 1, for
example, a pressure at or above 20 MPa, or at or above
15 MPa. The pressure of a very high pressure extracted
gas may be reduced to a pressure more suitable for
treatment in the process of the invention by expanding
the very high pressure extracted gas to a selected
pressure prior to catalytically partially oxidizing
the extracted gas. In an embodiment, an extracted gas
having a pressure above 15 MPa may be expanded to a
pressure of from 1MPa to 15 MPa, or to a pressure of
from 5 MPa to 15 MPa, or to a pressure of10 MPa. A
very high pressure extracted gas may be expanded by
feeding the very high pressure extracted gas from line
5 through an expander 6, where the extracted gas may
undergo a limited expansion to a pressure suitable for
treatment of the extracted gas in the present process
as described above. Energy may be produced by the
limited expansion of a 



high pressure extracted gas through the expander 6,
and the energy may be utilized to drive a unit 8 for
separating oxygen from air, or, alternatively, may be
captured as electricity.In an embodiment, when the
extracted gas has a pressure within from 1MPa to 15
MPa upon extraction from the reservoir 1, no expansion
of the extracted gas may be needed to reduce the
pressure of the extracted gas in the process of the
invention, and, therefore, the extracted gas need not
be fed through an expander. In an embodiment, the
expander 6 may optionally be excluded from the system
for practicing the process of the invention. In
another embodiment, the extracted gas may have a
significantly variable pressure, where the pressure of
the extracted gas may range from a very high pressure,
e.g. above 15 MPa, to a pressure below a very high
pressure, e.g. from 1MPa to 15 MPa. For example, the
extracted gas may have a very high pressure when the
gas is initially extracted from the reservoir 1 but
the pressure of the gas extracted from the reservoir 1
may fall significantly over time as the reservoir 1
becomes depleted of gas. In this embodiment, the
extracted gas may be expanded to a selected pressure
when the pressure of the extracted gas is very high
and expansion of the extracted gas may be avoided when
the extracted gas has a pressure below a very high
pressure. In this embodiment, the extracted gas may be
fed through an expander 6 when the pressure of the
extracted gas is very high, however, the extracted gas
may be shunted around the expander 6 to avoid
expansion of the extracted gas when the pressure of
the extracted gas is below a very high pressure. In an
embodiment of the process of the present invention,
the extracted gas may be desulfurized to inhibit
sulfur-induced deactivation of the catalyst utilized
to catalyze partial oxidation of the extracted gas.
The extracted gas may be desulfurized in one or more
separate steps prior to catalytic partial oxidation of
the extracted gas, depending on the level of sulfur in
extracted gas. In an embodiment, the extracted gas may
contain high levels, e.g. greater than 1 vol.%, of
sulfur containing gas compounds such as hydrogen
sulfide. In the process of the invention, the
extracted gas containing high levels of sulfur
containing gas compounds may be treated to reduce or
eliminate such sulfur containing compounds from the
extracted gas prior to catalytically partially
oxidizing the extracted gas. An extracted gas
containing at least 1 vol.% of sulfur containing gas
compounds may be treated to reduce or eliminate such
sulfur containing compounds by scrubbing the extracted
gas with a sulfur scrubbing solution in a scrubber
9.In an embodiment, the sulfur scrubbing solution is
an amine, and the scrubber 9 is an amine scrubber 9.
The extracted gas may be passed through the amine
scrubber 9 to contact a liquid containing an amine
effective to reduce or eliminate sulfur containing gas
compounds in the extracted gas. Liquids containing
amines effective to reduce sulfur containing gas
compounds from the extracted gas may be selected from
the group consisting of monoethanolamine,
methyldiethanolamine, diethanolamine, and mixtures
thereof. Passing the extracted gas through an amine
scrubber 9 may decrease the carbon dioxide content of
the extracted gas to an extent, however, due to the
large quantity of carbon dioxide in the extracted gas,
elimination or removal of a substantial majority of
the carbon dioxide content of the extracted gas, e.g.
at least 55 vol.%, or at least 60 vol.%, or at least
70 vol.%, or at least 80 vol.%, may not be possible.
Furthermore, in the process of the present invention,
reduction of the carbon dioxide content of the
extracted gas is unnecessary, and extensive reduction
of the carbon dioxide content of the extracted gas 



may be undesirable. In an embodiment, a liquid
containing an amine may be selected to preferentially
reduce or eliminate sulfur containing compounds from
the extracted gas without significantly affecting the
carbon dioxide content of the extracted gas. For
example, methyldiethanolamine may have a higher
affinity for sulfur containing gases in the extracted
gas than for carbon dioxide. In another embodiment,
the extracted gas may contain low levels, e.g. at most
1 vol.%, of sulfur containing gas compounds. In this
embodiment, the extracted gas need not be passed
through a scrubber 9 to reduce sulfur containing
compounds, and a scrubber 9 is preferably not utilized
in the process to avoid extra process steps and the
utilization of extra processing equipment and
treatment. In an embodiment, when the extracted gas
contains at most 1 vol.% of sulfur containing
compounds, the scrubber 9 may optionally be excluded
from the system for practicing the process of the
invention. In another embodiment when the extracted
gas contains at most 1 vol.% of sulfur containing
compounds, a scrubber 9 may be present in the system,
but in the process the extracted gas may be shunted
around the scrubber 9. In the process of the present
invention, the extracted gas may also be desulfurized
in a desulfurizer 15 by contact with a solid sulfur
adsorbing material, preferably disposed in a guard bed
in the desulfurizer. In the process, the extracted gas
is preferably desulfurized by contact with a guard bed
of sulfur adsorbing material when the extractedgas
contains low levels of sulfur containing compounds,
e.g. at most 1 vol.%, and more preferably at most 0.1
vol.%, of sulfur containing compounds. In an
embodiment of the process of the invention, the
extracted gas contains at most 1 vol.% of sulfur
containing compounds, and the only desulfurization
step used in the process is contact of the extracted
gas with a guard bed of sulfur adsorbing material in
the desulfurizer 15. In another embodiment, for
example when the extracted gas contains more than 1
vol.% of sulfur containing compounds, the extracted
gas may be scrubbed in scrubber 9 to reduce sulfur
containing compounds followed by a step of
desulfurizing the scrubbed extracted gas by contact
with a solid sulfur adsorbing material in desulfurizer
15 at some point in the process subsequent to
scrubbing the extracted gas. Desulfurization of the
extracted gas by contact with a solid sulfur adsorbing
material may be conducted with conventional solid
desulfurization materials for desulfurizing gases that
are commercially available. In an embodiment of the
process the solid desulfurization material is a
commercially available material that acts as a sulfur
adsorbent effective to adsorb sulfur from sulfur
containing compounds that contact the material as the
extracted gas is contacted with the material. Such
sulfur adsorbing materials may include active metals
including zinc oxide, copper oxide, aluminum oxide, a
mixture of copper-zinc oxides, a mixture of
copper-nickel oxides, and magnesium oxide, and nickel
oxide and may include a support or binder formed of
alumina, silica, aluminasilica, titania, or other
refractory oxides. The desulfurization is preferably
conducted at a temperature at which sulfur in the
sulfur containing compounds adsorbs to the solid
desulfurization material but below a temperature at
which sulfur adsorbed to the material is desorbed from
the material. In an embodiment, the extracted gas may
be contacted with a solid desulfurization material in
the desulfurizer 15 at a temperature of from 1000C to
3500C, more preferably at a temperature of from 1500C
to 3000C. The extracted gas may be heated to a
temperature effective to induce the partial oxidation
of the extracted gas in the catalyst partial oxidation
reactor. In an embodiment, 



the extracted gas may be heated in one or more heating
elements prior to being fed to the catalytic partial
oxidation reactor 13. More than one heating element
may be used in the process of the invention to raise
the temperature of the extracted gas to a selected
temperature 1) to provide sufficient heating to raise
the temperature of the extracted gas to the selected
temperature, and/or 2) to permit other steps of the
process, for examplecatalytic desulfurization, to be
effected between the steps of initially heating the
extracted gas in the first heating element and heating
the extracted gas in any subsequent heating elements.
The extracted gas is heated to a temperature at or
above the auto-ignition temperature of the extracted
gas when combined with an oxygen containing gas in the
catalytic partial oxidation reactor 13 in the presence
of a partial oxidation catalyst so the extracted gas
may be partially oxidized in the catalytic partial
oxidation reactor 13. The auto-ignition temperature of
the extracted gas when combined with an
oxygen-containing gas is, at least in part, dependent
on the activity of the partial oxidation catalyst in
the partial oxidation reactor 13, and may be a
temperature of at least 2000C, preferably at least
3000C, and is a temperature of less than 6000C, or may
be at most 5000C, or at most 4000C, and may be a
temperature of from 2000C to less than 6000C, or a
temperature of from 2500C to 5500C, or from 2000C to
4000C. In an embodiment, the extracted gas may be
heated to a temperature of from 2000C to less than
6000C, or from 2500C to 5500C, or from 2000C to 4000C
by exchange of heat with the oxidation product gas
formed by catalytic partial oxidation of the extracted
gas. In a preferred embodiment of the process of the
invention, the heating elements are heat exchangers.
The extracted gas may be heated in a first heat
exchanger 11, or in a first heat exchanger 11 and a
second heat exchanger 17, prior to being fed to the
catalytic partial oxidation reactor 13. Preferably,
heat from the catalytic partial oxidation of the
extracted gas is used to heat the extracted gas by
feeding the oxidation product gas from the catalytic
partial oxidation reactor 13 through the first heat
exchanger 11, and optionally through a second heat
exchanger 17 if a second heat exchanger 17 is
utilized, to heat the extracted gas prior to
catalytically partially oxidizing the extracted gas.
The catalytic partial oxidation reactor may be
operatively connected in gaseous communication with
the first heat exchanger 11 through line 19 and may be
operatively connected in gaseous communication with
the second heat exchanger 17 through lines 19 21 ,
where valves 23, 25, and 27 control the flow of the
oxidation product gas to the first and second heat
exchangers 11 and 17. In an embodiment, valves 23, 25,
and 27 may be automatically controlled in response to
temperature measurements made of the extracted gas
exiting the first heat exchanger 11, and/or of the
extracted gas exiting the second heat exchanger 17,
and/or of the oxidation product gas entering or
exiting the catalytic partial oxidation reactor 13 so
that the temperature of the extracted gas and/or the
oxidation product gas may bemaintained at a selected
level. Optionally, and less preferably, the extracted
gas may be heated in the first heat exchanger 11, and
optionally in a second heat exchanger 17 by passing
steam through the first, and optionally second, heat
exchangers to heat the extracted gas. In an
embodiment, the extracted gas may be heated to a
temperature of from 1000C to 3500C, or from 1500C to
3000C in a first heat exchanger 11, preferably by
exchanging heat with a portion of the oxidation
product gas from the catalytic partial oxidation
reactor 13. Subsequently, either directly after
heating the extracted gas in the first heat exchanger
11 or after one or more intervening process steps, the
extracted gas may be heated to a temperature of from
2500C up to but not including 6000C, or from 3000C to
5500C in a 



second heat exchanger 17, preferably by exchanging
heat with a portion of the oxidation product gas from
the catalytic partial oxidation reactor 13. As noted
above, the one or more steps expanding, desulfurizing,
and heating the extracted gas may be coordinated to
provide optimal conditioning of the extracted gas for
catalytic partial oxidation. In a preferred
embodiment, as shown in Fig. 1, the extracted gas may
be initially expanded in expander 6 to a selected
pressure, if expansion is necessary to reduce the
pressure of the extracted gas to within a selected
range. The extracted gas may then be scrubbed in
scrubber 9 to remove a significant portion of sulfur
containing compounds in the extracted gas if the
extracted gas contains greater than 1 vol.% of such
sulfur containing compounds. The extracted gas may
then be heated in a first heat exchanger 11 to a
temperature effective to permit catalytic
desulfurization of the extracted gas, for example to a
temperature of from 1500C to 3500C. The extracted gas
may then be catalytically desulfurized in desulfurizer
15 to remove most or all remaining sulfur containing
compounds in the extracted gas. The extracted gas may
then be heated in a second heat exchanger 17 to a
temperature at or above the auto-ignition temperature
of the extracted gas when mixed with an oxygen
containing gas and contacted with a selected catalytic
partial oxidation catalyst, preferably from 2500C to
5500C. The heated extracted gas exiting the second
heat exchanger 17 may be fed to a catalytic partial
oxidation reactor 13 for catalytic partial oxidation.
In a particularly preferred embodiment, the oxidation
product gas produced by catalytic partial oxidation of
the extracted gas is utilized to provide heat for heat
exchange with the extracted gas in the first and
second heat exchangers 11 and 17.The well 3, expander
6, if present, scrubber 9, if present, first heat
exchanger 11, desulfurizer 15, and second heat
exchanger 17 may be operatively connected in gaseous
communication by pipes or lines so the extracted gas
may pass between the elements used to effect the steps
of the process prior to catalytic partial oxidation of
the extracted gas. For example, the expander 6 may be
operatively connected in gaseous communication to the
well 3 by line 5; the scrubber 9 may be operatively
connected in gaseous communication with the expander 6
by line 29; the first heat exchanger 11 may be
operatively connected in gaseous communication with
the scrubber 9 by line 31; the desulfurizer 15 may be
operatively connected in gaseous communication with
the first heat exchanger by line 33; the second heat
exchanger 17 may be operatively connected in gaseous
communication with the desulfurizer 15 by line 35; and
the catalytic partial oxidation reactor 13 may be
operatively connected in gaseous communication with
the second heat exchanger 13 by line 37. An oxygen
containing gas is also provided as a feed for the
process for converting hydrocarbons in the extracted
gas to one or more liquid hydrocarbons and/or one or
more liquid hydrocarbon oxygenates, where the oxygen
containing gas is fed to the catalytic partial
oxidation reactor 13 to partially oxidize the
extracted gas upon contact with the catalytic partial
oxidation catalyst at a temperature above the
auto-ignition temperature of the mixture of the
extracted gas and the oxygen containing gas.. The
oxygen containing gas may be air, a gas comprising at
least 90 vol.% oxygen, or substantially pure oxygen
comprising at least 99 vol.% oxygen. In a preferred
embodiment, the oxygen containing gas comprises at
least 90 vol.% oxygen to avoid including substantial
amounts of nitrogen in the process (e.g. if air were
used as the oxygen containing gas), since nitrogen
merely takes up reactor volume, and may produce
undesirable NOx compounds in the catalytic partial
oxidation of the extracted 



gas. An oxygen containing gas comprising at least 90
vol.% oxygen may be provided by separating oxygen from
air in a unit for separating oxygen from air 8. The
unit 8 may be a conventional air separation unit, or a
conventional vacuum pressure swing absorption unit, or
a unit in which oxygen may be separated from air by
membranes. Preferably the oxygen containing gas
provided for use in the catalytic partial oxidation of
the extracted gas comprises at least 99 vol.% oxygen,
and is provided by separating oxygen from air in a
conventional air separation unit.Energy (e~) to drive
the unit 8 for separating oxygen from air may be
provided by expansion of a hydrocarbon product gas or
a hydrocarbon oxygenate product gas stream through an
expander, as described in further detail below. If an
expander 6 is used to reduce the pressure of the
extracted gas, energy (e~) produced by expansion of
the extracted gas may also be used to drive the unit 8
to separate oxygen from air. Nitrogen separated from
the air in the air separation unit 8 may be cooled and
collected as liquid nitrogen in the air separation
unit 8. The liquid nitrogen may be used to cool
various gas streams in the present process by
exchanging heat with the gas stream to be cooled, as
described in further detail below. The
oxygen-containing gas may be compressed to a pressure
within a range from 1 MPa to 15 MPa, or from 5 MPa to
15 MPa, or to 10 MPa. In an embodiment, the
oxygencontaining gas is compressed to a pressure
within 1MPa of the pressure of the extracted gas after
any expansion of the extracted gas is effected. Energy
(e~) to compress the oxygen-containing gas may be
provided by expansion of a hydrocarbon product gas or
a hydrocarbon oxygenate product gas through an
expander, as described in further detail below. If an
expander 6 is used to reduce the pressure of the
extracted gas, energy (e~) produced by the expansion
of the extracted gas may also be used to compress the
oxygencontaining gas. The oxygen containing gas is
heated to a temperature at or above the auto-ignition
temperature of the combined extracted gas and oxygen
containing gas in the catalytic partial oxidation
reactor 13 in the presence of a partial oxidation
catalyst so the extracted gas may be partially
oxidized in the catalytic partial oxidation reactor
13. As noted above with respect to the extracted gas,
the auto-ignition temperature of the extracted gas
when combined with an oxygen-containing gas is, at
least in part, dependent on the activity of the
partial oxidation catalyst in the partial oxidation
reactor 13, and may be a temperature of at least
2000C, preferably at least 3000C, and is a temperature
of less than 6000C, or may be at most 5000C, or at
most 4000C, and may be a temperature of from 2000C to
less than 6000C, or a temperature of from 2500C to
5500C, or from 2000C to 4000C. The oxygen-containing
gas may be heated in one or more heaters to a selected
temperature at or above the auto-ignition temperature
of the combined extracted gas and oxygen-containing
gas in the presence of a selected partial oxidation
catalyst. The one or more heaters may be conventional
heaters for heating a gas, including electrical
heaters and heat exchangers. In a preferred
embodiment, the heaters for heating the oxygen
containinggas are heat exchangers. In an embodiment,
the oxygen-containing gas may be heated to a
temperature of from 1000C to 3500C, or from 1500C to
3000C in a first heat exchanger 11, preferably by
exchanging heat with a portion of the oxidation
product gas from the catalytic partial oxidation
reactor 13. Subsequently, the oxygen-containing gas
may be heated to a temperature of from 2500C up to but
not including 6000C, or from 3000C to 5500C in a
second heat exchanger 17, preferably by exchanging
heat with a portion of the oxidation product gas from
the catalytic partial oxidation reactor 13. The
oxygen-containing gas is mixed with the extracted gas
in an amount effective 



to partially, but not fully, oxidize the hydrocarbons
in the extracted gas upon catalystinduced reaction of
the mixture. Therefore, the oxygen-containing gas is
mixed with the extracted gas in an amount such that
the molar ratio of oxygen from the oxygen containing
gas to carbon from the hydrocarbons of the extracted
gas is less than one. Preferably, the
oxygen-containing gas is mixed with the extracted gas
in an amount such that the molar ratio of oxygen from
the oxygen containing gas to carbon from the
hydrocarbons in the extracted gas is at least 0.4 or
at least 0.5, or at least 0.6, or at least 0.65, and
is at most 0.99, or at most 0.95, or at most 0.90, or
at most 0.85. As shown in Fig. 1, air may be provided
as an input stream through line 39. The air may be
provided as the oxygen containing gas through line 41,
or the air may be fed to a unit 8 for separating
oxygen from air or for enriching the oxygen content of
air, as described above. The oxygen containing gas,
either air, oxygen enriched air, or substantially
oxygen, may be fed to the first heat exchanger through
line 43. Valve 45 may be used to control the rate that
the oxygen containing gas is introduced into the
process, in particular, to maintain the molar ratio of
oxygen in the oxygen containing gas to carbon from the
hydrocarbons in the extracted gas to less than one.
Valves 47 and 49 may be used to direct the flow of the
air input stream to the oxygen separation unit 8 or
around the unit 8. The oxygen containing gas may be
heated in the first heat exchanger 11 by exchanging
heat with the oxidation product gas from the catalytic
partial oxidation of the oxygen containing gas and the
extraction gas, and may subsequently be fed to the
second heat exchanger 17 through line 51 for further
heating by exchange of heat with the oxidation product
gas in order to raise the temperature of the oxygen
containing gas to a temperature at or above the
auto-ignition temperature of the oxygen-containing gas
and the extracted gas in the presence of a selected
partial oxidation catalyst. The oxygencontaining gas
may then be fed from the second heat exchanger 17 to
the catalytic partial oxidation reactor 13 for
catalytically-induced reaction with the extracted gas
through line 53, or may be mixed with the heated
extracted gas exiting the second heat exchanger 17
prior to feeding the mixture to the catalytic partial
oxidation reactor 13 for reaction. Optionally, though
less preferably, the oxygen-containing gas and the
extracted gas may be mixed prior to heating and may be
heated together, or may be mixed after initially
heating each gas separately, e.g. in the first heat
exchanger, but prior to further heating, e.g. in the
second heat exchanger-where the mixture is ultimately
fed to the catalytic partial oxidation reactor for
contact with a partial oxidation catalyst to induce
reaction of the mixture. In an embodiment, steam may
be mixed with the oxygen containing gas and the
extracted gas prior to or during reaction of the
oxygen containing gas and the extracted gas. The steam
may serve to inhibit the formation of carbon deposits
in the catalytic partial oxidation reactor 13 and/or
on the partial oxidation catalyst. In an embodiment,
steam may mixed with the oxygen containing gas and the
extracted gas prior to or during partial oxidation
reaction of the oxygen containing gas and the
extracted gas to autothermally reform the steam and a
portion of methane in the extracted gas according to
the following reaction: 2CH4 + O2 + H2O 5H2 + CO. When
steam is added for the purpose of autothermal
reformation, the steam may be added to the mixture of
the extracted gas and the oxygen containing gas in an
amount such that the steam is present in the mixture
in an amount of up to 13 wt.% of the mixture. When
steam is utilized for the purpose of autothermal
reformation, the amount of steam mixed with the 



extracted gas and the oxygen containing gas is
selected to provide a molar ratio of steam to carbon
from hydrocarbons in the extracted gas (H2O/C HC) of
greater than 0 and less than 0.4. If utilized, steam
may be compressed to a pressure within a range from 1
MPa to 15 MPa, or from 5 MPa to 15 MPa, or to 10 MPa.
In an embodiment, the steam is compressed to a
pressure within 1MPa of the pressure of the extracted
gas after any expansion of the extracted gas is
effected. Energy (e~) to compress the steam may be
provided by expansion of a hydrocarbon product gas or
a hydrocarbon oxygenate product gas through an
expander, as described in further detail below. If an
expander 6 is used to reduce the pressure of the
extracted gas, energy (e~) produced by the expansion
of the extracted gas may also be used to compress the
steam.Water or steam may be fed to one or more heaters
or heat exchangers to heat the steam to a temperature
of from at least 2000C, preferably at least 3000C, and
to a temperature of less than 6000C, or at most 5000C,
or at most 4000C, where the temperature may be a
temperature of from 2000C to less than 6000C, or a
temperature of from 2500C to 5500C, or from 2000C to
4000C. In a preferred embodiment, water or steam may
be fed to the first heat exchanger 11 through line 55.
Water or steam may be fed into the process through an
inlet line 57 operatively coupled to line 55, or may
be fed from a third heat exchanger 59, optionally used
to cool the oxidation product gas or its water-gas
shifted product as described below, through line 61
which may be operatively connected to line 55. The
water or steam may be heated to produce heated steam
in the first heat exchanger 11 by exchange of heat
with the oxidation product gas produced by the
catalytic partial oxidation of the oxygen containing
gas and the extracted gas. The heated steam may be fed
from the first heat exchanger 11 to the second heat
exchanger 17 through line 63 for further heating, or
optionally may be fed directly into the catalytic
partial oxidation reactor 13 for mixing with the
oxygen containing gas and the extracted gas during
reaction, or may be mixed with either or both the
oxygen containing gas and/or the extracted gas prior
to feeding the mixture to the catalytic partial
oxidation reactor 13 for reaction. If the steam is fed
to the second heat exchanger 17 for further heating,
the steam may be heated further in the second heat
exchanger by exchanging heat with a portion of the
oxidation product gas. The resulting steam may be fed
directly to the catalytic partial oxidation reactor 13
from the second heat exchanger 17 through line 65, or
the steam may be mixed with either or both the oxygen
containing gas and/or the extracted gas prior to
feeding the mixture to the catalytic partial oxidation
reactor 13 for reaction. The heated oxygen containing
gas and the heated extracted gas, if not previously
mixed, may be mixed upon introduction into the
catalytic partial oxidation reactor 13. The mixture,
regardless of when mixed, is then reacted in an
exothermic catalytic partial oxidation reaction to
produce an oxidation product gas, optionally in the
presence of steam, in the catalytic partial oxidation
reactor 13. The oxidation product gas contains the
reaction products from the reaction of oxygen in the
oxygen containing gas and hydrocarbons, particularly
methane, in the extracted gas, plus the carbon dioxide
present in the extracted gas-which is substantially
unreactive but retards the oxidation reaction
tomaintain the temperature of the oxidation product
gas below 6000C. The oxygen in the oxygen containing
gas and the methane in the extraction gas react as
follows: CH4 + 1 2O2 CO + 2H2 where the reaction
product is primarily a synthesis gas comprising
hydrogen and carbon 



monoxide, where hydrogen is present in a 2 :1 molar
ratio relative to carbon monoxide. The oxidation
product gas, therefore, contains hydrogen, carbon
monoxide, and carbon dioxide as its main constituents,
and optionally contains steam if water/steam was added
to the mixture of the extracted gas and the
oxygen-containing gas. The oxidation reaction is
maintained at a low temperature such that the
oxidation product gas exiting the catalytic partial
oxidation reactor has a temperature of below 6000C.
The temperature of the oxidation reaction is
maintained at a temperature of below 6000C by 1)
controlling the temperature of the extracted gas
and/or oxygen containing gas feeds to be mixed and
reacted, where the feed temperatures of the extracted
gas and/or oxygen containing gas may be lowered to
reduce the temperature of the oxidation product gas;
and/or 2) controlling the temperature of any steam
added to the reaction mixture to regulate the reaction
temperature, where the feed temperature of steam added
to the reaction mixture may be lowered to reduce the
temperature of the oxidation product gas; and/or 3)
adjusting the molar ratio of oxygen in the oxygen
containing gas to carbon in hydrocarbons in the
extracted gas, where the ratio of oxygen in the oxygen
containing gas to carbon in hydrocarbons in the
extracted gas may lowered to reduce the temperature of
the oxidation product gas; and/or 4) adjusting the
ratio of the feed rate of the oxygen containing gas to
the extracted gas to decrease the amount of oxygen
containing gas relative to the extracted gas present
in the reaction and thereby increase the overall
carbon dioxide concentration present in the reaction
to reduce the temperature of the oxidation product
gas. The partial oxidation of the hydrocarbons present
in the extracted gas is effected by mixing the
extracted gas and the oxygen containing gas, and
optionally steam, and contacting the mixture of
extracted gas and oxygen containing gas with a highly
reactive catalytic partial oxidation catalyst, where
the mixture has a temperature of from 2000C up to, but
not including, 6000C. As discussed above, the
extracted gas and the oxygen containing gas, and
optionally steam, may be mixed prior to being fed to
the catalytic partial oxidation reactor 13.
Alternatively, the extracted gas and the oxygen
containinggas, and optionally steam, may be initially
mixed in the catalytic partial oxidation reactor 13
prior to contacting the catalyst. The partial
oxidation of the hydrocarbons present in the extracted
gas may be conducted at an elevated pressure. In an
embodiment, the pressure at which the mixture of
extracted gas and the oxygen-containing gas, and
optionally steam, may be reacted may range from 1.5
MPa to 15 MPa, or from 5 MPa to 15 MPa, or at 10 MPa.
The pressure of the mixture of extracted gas, the
oxygen-containing gas, and optionally steam, is
determined by the pressure of the individual component
gases, which may be controlled as described above. The
catalyst utilized to effect the partial oxidation of
the mixture of hydrocarbons in the extracted gas and
oxygen in the oxygen containing gas must have
sufficient catalytic activity to effect oxidation
(partial) of hydrocarbons, particularly methane, in
the mixture at a temperature of from 2000C up to, but
not including, 6000C, and preferably from a
temperature of from 2500C to 5500C. "Sufficient
catalytic activity", as used with respect to the
partial oxidation catalyst at a temperature of from
2000C up to, but not including, 6000C is defined as:
catalytic activity sufficient to effect partial
oxidation of at least 85 mol% of hydrocarbons in the
extracted gas at a gas hourly space velocity of at
least 20,000 NL/kg/h (expressed as normal liters of
gas per kilogram of catalyst per hour, wherein normal
liters refers to liters under STP conditions, i.e. 25C
and 1 atm.). 



The catalyst utilized in the process of the present
invention to effect the low temperature partial
oxidation reaction of the mixture of the extracted gas
and the oxygen containing gas comprises one or more
catalytically active metals selected from the group
consisting of rhodium, iridium, ruthenium, and
platinum. Catalysts comprising rhodium and/or iridium
are preferred. The catalytically active metals of the
catalyst may be intimately associated as an admixture
when two or more of the metals are present in the
catalyst so each metal may affect the catalytic
performance or stability of one or more other metals
present in the catalyst. As used herein, the
catalytically active metals of the catalyst are
"intimately associated as an admixture" when at least
50%, or at least 90% of each catalytically active
metal is present as part of the catalyst within a
distance of 10 mm, or within a distance of 5 mm, of at
least one of the other catalytically active metals.
The admixture of catalytically active metals may be an
alloy of the metals-where the presence of an alloy can
be determined by methods known in the art, for example
by XRD. In an embodiment, the catalyst used in the
process of the invention utilizes an alloy of
rhodiumand iridium to provide catalytic activity in
the catalytic partial oxidation reaction of the
mixture of the extracted gas and the oxygen containing
gas. In an embodiment, the catalyst for effecting the
partial oxidation reaction of the mixture of the
extracted gas and the oxygen containing gas may
comprise rhodium and iridium in the form of wires or
gauzes of a rhodium-indium alloy. The one or more
catalytically active metals of the partial oxidation
catalyst may be supported on a catalyst carrier
material. Suitable catalyst carrier materials are
known in the art and include metals and refractory
oxides such as silica, alumina, titania, zirconia, and
mixtures thereof. High-alloy alumina containing steel,
such as FeCrALLOY(r)-type materials are suitable
metals for the catalyst carrier. Zirconia-based
refractory oxides, particularly including at least 70
wt.% zirconia, are preferred refractory oxide
materials for the catalyst carrier. Such
zirconia-based refractory oxides may be stabilized or
partially stabilized by one or more oxides of Mg, Ca,
Al, Y, La, or Ce. Particularly suitable carrier
materials are Ce-ZTA (zirconia-toughened alumina) and
Y-PSZ (partially stabilized zirconia), both
commercially available. Structured ceramic supports
having a honeycomblike structure may also be used as
the catalyst carrier. The one or more catalytically
active metals of the partial oxidation catalyst may be
deposited on the catalyst carrier material by
techniques known in the art. In one embodiment, the
one or more catalytically active metals of the partial
oxidation catalyst may be deposited on the catalyst
carrier material by impregnation. The carrier may be
impregnated with one or more solutions of the one or
more catalytically active metals, then the carrier
impregnated with the one or more catalytically active
metals may be dried to form the catalyst, and then,
optionally, the dried catalyst may be calcined. If the
catalyst comprises more than one catalytically active
metal, the catalytically active metals may be combined
in one solution for impregnating the carrier, or,
optionally, the carrier may be impregnated with
separate solutions of each catalytically active metal
sequentially. In another embodiment, the one or more
catalytically active metals may be deposited on the
catalyst carrier by wash coating. The partial
oxidation catalyst comprises the one or more
catalytically active metals in any suitable amount to
achieve the required catalytic activity to enable the
reaction of the mixture of the oxygen containing gas
and the extracted gas at a temperature of less than
6000C, or at most 5000C, or at most 4000C, or at most
3000C. In an embodiment, the partial oxidation
catalyst comprises from 0.02 wt.% to 10 wt.%, or from
0.1 wt.% to 7.5wt.%, of the one or more catalytically
active metals. In an embodiment, the partial 



oxidation catalyst comprises rhodium and iridium as
catalytically active metals where the rhodium and
indium comprise from 0.02 wt.% to 10 wt.% of the
partial oxidation catalyst, and the rhodium-to-iridium
weight ratio may be in the range of from 0.1 to 10, or
from 0.2 to 5, or from 0.5 to 2. The catalytically
active metals of the partial oxidation catalyst may be
associated with one or more inorganic metal cations.
The one or more inorganic metal cations may be
selected from Columns 2, 3, 4, 13, and 14 of the
Periodic Table and the lanthanides, for example, Al,
Mg, Zr, Ti, La, Hf, Si, and Ba, where Zr is preferred.
The one or more inorganic metal cations may be
intimately associated in an admixture with the one or
more catalytically active metals of the partial
oxidation catalyst, where the cation to catalytically
active metal ratio may be in excess of or equal to
1.0, or 2.0, or 3.0 at the surface of the catalyst.
The partial oxidation catalyst used in the process of
the present invention may be in any form accessible
for a mixture of the extracted gas and the oxygen
containing gas, and optionally steam, to contact the
one or more catalytically active metals, and
optionally the associated one or more inorganic metal
cations, so that a partial oxidation reaction of the
mixture may be effected. For example, the partial
oxidation catalyst may be in the form of a porous
monolithic structure such as a honeycomb or a foam, a
fixed bed of catalyst particles, an arrangement of
metal wire or gauze, or combinations thereof.
Catalysts effective for use as the partial oxidation
catalyst in the process of the present invention are
available commercially, for example, from CRI Catalyst
Company, 16825 Northchase Drive, Houston, Texas 77060,
USA. After catalytic partial oxidation of the mixture
of the extracted gas and the oxygen containing gas,
and optionally steam, the oxidation product gas is
removed from the catalytic partial oxidation reactor
13. As noted above, the oxidation product gas may have
a temperature of up to, but not including, 6000C, and
is comprised of hydrogen, carbon monoxide, and carbon
dioxide, and optionally steam. The oxidation product
gas is used as a feedstock for producing a hydrocarbon
product or a hydrocarbon oxygenate product. In an
embodiment, the oxidation product gas is used as a
feedstock for a methanolation reaction to produce
methanol. In another embodiment, the oxidation product
gas is used as a feedstock for a Fisher-Tropsch
reaction to produce a hydrocarbon product.The
oxidation product gas may be conditioned prior to
being utilized as a feedstock for producing a
hydrocarbon oxygenate product or a hydrocarbon
product. The oxidation product gas may be conditioned
by one or more optional steps, including 1) cooling
the oxidation product gas; and 2) effecting a
water-gas shift reaction using the oxidation product
gas as a feedstock to increase the hydrogen content of
the oxidation product gas. The oxidation product gas
may be cooled in one or more steps to adjust the
temperature of the oxidation product gas to a
temperature suitable for converting the oxidation
product gas to a hydrocarbon oxygenate product or a
hydrocarbon product, and, optionally, to a temperature
suitable for effecting a water-gas shift reaction in
the oxidation product gas prior to converting the
oxidation product gas to a hydrocarbon oxygenate
product or a hydrocarbon product. The oxidation
product gas may have a temperature of from 2000C up
to, but not including, 6000C, and typically will have
a temperature of from 4000C up to, but not including,
6000C, more typically from 5000C up to, but not
including, 6000C. In the process of the invention, the
hydrogen content of the oxidation product gas may be
increased in a water-gas shift reaction which may be
effected at a selected 



temperature in the range of from 2000C to 4000C, and
if the temperature of the oxidation product gas is
above a selected temperature for effecting a water-gas
shift reaction, the oxidation product gas may be
cooled to the selected temperature. Further, in the
process of the invention, the oxidation product gas or
its water-gas shifted product (the water-gas shifted
oxidation product gas) may be converted to a
hydrocarbon product at a selected temperature in the
range of from 2000C to 4000C or a hydrocarbon
oxygenate product at a selected temperature in the
range of from 2000C to 3000C, therefore, if the
oxidation product gas or its water-gas shifted product
has a temperature above a selected temperature for
converting the oxidation product gas or the water-gas
shifted oxidation product gas to a hydrocarbon
oxygenate product or a hydrocarbon product, the
oxidation product gas or its water-gas shifted product
must be cooled to the selected temperature. In an
embodiment of the process, the oxidation product gas,
as either the oxidation product gas itself or as the
oxidation product gas and/or its water-gas shifted
product gas, may be cooled at most 4000C, or at most
3000C, or at most 2000C prior to converting the
oxidation product gas or water-gas shifted oxidation
product gas to a hydrocarbon oxygenate product or a
hydrocarbon product. In a preferred embodiment, as
described above, the oxidation product gas may be
cooled by exchanging heat with the extracted gas,
and/or the oxygen containing gas, and/orsteam in the
first heat exchanger 11 and/or the second heat
exchanger 17. The oxidation product gas may be cooled
by up to 3000C, or up to 2500C, or up to 2000C, or up
to 1500C in the first heat exchanger 11 and/or the
second heat exchanger 17. In an embodiment, the
oxidation product gas produced by the catalytic
partial oxidation reaction of the mixture of the
extracted gas and the oxygen containing gas, and
optionally steam, has a temperature of from 4000C up
to, but not including, 6000C prior to being cooled by
exchanging heat with the extracted gas and/or the
oxygen containing gas and/or steam in either the first
heat exchanger 11 and/or the second heat exchanger 17,
and has a temperature of from 2000C to 5000C, or from
2500C to 4000C after being cooled by such heat
exchange. In an embodiment, the oxidation product gas
or its water-gas shifted product may be cooled by heat
exchange with water, steam, liquid nitrogen from the
air separation unit 8, or other coolant in one or more
third heat exchangers 59, preferably at most 4000C, or
at most 3000C, or at most 2000C, or at most 1000C. In
an embodiment, the oxidation product gas or its
water-gas shifted product is not cooled by heat
exchange with the extracted gas, or the oxygen
containing gas, or water/steam in the first heat
exchanger 11 or second heat exchanger 17, but is
cooled by heat exchange with water, steam, liquid
nitrogen from the air separation unit 8, or other
coolant in the one or more third heat exchangers 59.
More preferably, the oxidation product gas is cooled
by heat exchange with the extracted gas and/or the
oxygen-containing gas and/or water/steam in the first
heat exchanger 11 and/or the second heat exchanger 17
and subsequently the cooled oxidation product gas or
its water-gas shifted product gas is cooled by
exchange of heat with water, steam, liquid nitrogen
from the air separation unit 8, or other coolant in
the one or more third heat exchangers 59. Water or
steam or other coolant may be fed to the one or more
third heat exchangers 59 through inlet line 67 at a
flow rate sufficient to cool the oxidation product gas
or water-gas shifted oxidation product gas to a
selected temperature. The flow rate of the water or
steam or other coolant to the one or more third heat
exchangers may be controlled by adjusting third heat
exchanger coolant inlet valve 69. In an embodiment,
heated steam produced from cooling the oxidation
product gas or the water-gas shifted 



oxidation product gas in the one or more third heat
exchangers 59 may be fed to the first heat exchanger
through lines 61 and 55 to cool the oxidation product
gas and to be mixed with the extracted gas and the
oxygen-containing gas in the catalytic partial
oxidation reaction.In an embodiment, the hydrogen
content of the oxidation product gas may be increased
by contacting the oxidation product gas, a water-gas
shift catalyst, and steam at a temperature of from
2000C to 4000C in a water-gas shift reactor 71, where
additional steam may be fed into the water-gas shift
reactor 71 through steam inlet line 73. For example,
the hydrogen content of the oxidation product gas may
be increased if the oxidation product gas is to be
converted to a hydrocarbon oxygenate, e.g. methanol,
since conversion of the oxidation product gas to a
hydrocarbon oxygenate may require a higher
concentration or partial pressure of hydrogen than is
present in the oxidation product gas. Contact of the
oxidation product gas, a water-gas shift catalyst, and
steam at a temperature of from 2000C to 4000C in the
water gas shift reactor 71 converts carbon monoxide
and steam to hydrogen and carbon dioxide as follows:
CO + H2O > CO2 + H2 where the production of hydrogen
is energetically favored at temperatures in the range
of from 2000C to 4000C despite the presence of excess
carbon dioxide in the oxidation product gas. The
temperature at which the oxidation product gas is
contacted with the water-gas shift catalyst to effect
the reaction may be selected to adjust the relative
molar ratio of carbon monoxide to hydrogen, where
lower temperatures within the range of 2000C to 4000C
result in higher conversion of carbon monoxide to
carbon dioxide and thus a higher molar hydrogen to
carbon monoxide ratio, and higher temperatures in this
temperature range result in lower conversion of carbon
monoxide to carbon dioxide and thus a lower molar
hydrogen to carbon monoxide ratio than water-gas shift
reactions run at lower temperatures within the
temperature range. The presence of carbon dioxide in
the oxidation product gas helps inhibit the reaction
going to completion and converting all carbon monoxide
present in the oxidation product gas to hydrogen so
that the water-gas shifted oxidation product gas may
be utilized as a feed to produce a hydrocarbon product
or a hydrocarbon oxygenate product. The water-gas
shifted oxidation product gas may contain primarily
hydrogen, carbon monoxide, carbon dioxide and steam.
The water-gas shift catalyst contacted with the
oxidation product gas to produce the water-gas shifted
oxidation product gas may be a commercially available
conventional water-gas shift catalyst. The water-gas
shift catalyst may comprise a catalytically active
transition metal or transition metal oxide selected
from the group comprising Fe, Zn, Cr, Cu, Ni, Co,
their oxides, and mixtures thereof. The catalytically
active transition metal or transition metal oxide may
be supported on an alumina, titania, zirconia, and/or
silicasupport. In an embodiment, the water-gas shift
catalyst may be chromium-promoted magnetite (Fe O ),
particularly for shift reactions effected at
temperatures from 3500C to 4000C, or in another
embodiment the catalyst may contain a mixture of CuO
(30-70 wt.%), ZnO (20-50wt.%), and Al2O3 (5 -40 wt.%),
particularly for shift reactions effected at
temperatures of from 2000C to 3500C. Preferably the
water-gas shift catalyst is supported in a fixed bed
in the shift reactor 71. The system for conducting the
process of the present invention may be configured for
conducting the process optimally, depending on the
cooling and/or heat exchange required and the relative
hydrogen and carbon monoxide content of the oxidation
product gas to be used as a feedstock to produce a
hydrocarbon oxygenate product or a hydrocarbon
product. As noted above, the oxidation product gas may
be fed from the 



catalytic partial oxidation reactor 13 to the first
heat exchanger 11 and/or the second heat exchanger 17
for heat exchange with the extracted gas, the oxygen
containing gas, and optionally steam, through lines 19
and 21, where valves 23 and 25 may be used to control
the flow of the oxidation product gas to the
respective first and second heat exchangers 11 and 17.
In an embodiment (not shown) the oxidation product gas
may be fed from the catalytic partial oxidation
reactor to the second heat exchanger for heat exchange
with the extracted gas, the oxygen-containing gas, and
optionally steam, and the cooled oxidation product gas
exiting the second heat exchanger may be fed to the
first heat exchanger for further cooling by exchanging
heat with the extracted gas, the oxygen-containing
gas, and optionally steam. The cooled oxidation
product gas exiting the first heat exchanger 11 may be
fed to the water-gas shift reactor 71 through line 75,
or, may be fed to the one or more third heat
exchangers 59 through lines 77, 79, 81,and 83 without
passing the cooled oxidation product gas through the
water gas shift reactor 71, or may be passed directly
to reactor 89 for converting the oxidation product gas
to a hydrocarbon product or a hydrocarbon oxygenate
product through lines 75, 77, 79, 85, and 87 without
passing the cooled oxidation product gas through the
water gas shift reactor 71 or the one or more third
heat exchangers 59. Valves 91, 93, 95, and 97 may be
adjusted to control the flow of the oxidation product
gas from the first heat exchanger 11 to the water-gas
shift reactor 71, the one or more third heat
exchangers 59, or to the reactor 89. Similarly, the
cooled oxidation product gas exiting the second heat
exchanger 17 may be fed to the water-gas shift reactor
71 through lines 99, 101, and 75, or, may be fed tothe
one or more third heat exchangers 59 through lines 99,
101, 79, 81 and 83 without passing the cooled
oxidation product gas through the water-gas shift
reactor 71, or, may be passed directly to reactor 89
for converting the cooled oxidation product gas to a
hydrocarbon product or a hydrocarbon oxygenate product
through lines 99, 101, 79, 85, and 87 without passing
the cooled oxidation product gas through the water-gas
shift reactor 71 or the one or more third heat
exchangers 59. Valves 103, 109, 95, and 97 may be
adjusted to control the flow of the oxidation product
gas from the second heat exchanger 17 to the water-gas
shift reactor 71, the one or more third heat
exchangers 59, or to the reactor 89. Optionally, but
less preferably, the oxidation product gas is not
cooled by heat exchange with the extracted gas and the
oxygen-containing gas, and optionally steam, in the
first and second heat exchangers 11 and 17, but is fed
directly from the catalytic partial oxidation reactor
13 to either the water-gas shift reactor 71, or a
third heat exchanger 59, or the reactor 89 for
converting the oxidation product gas to a hydrocarbon
oxygenate product or a hydrocarbon product. The
oxidation product gas may be fed directly from the
catalytic partial oxidation reactor 13 to the
water-gas shift reactor 71 when the temperature of the
oxidation product gas is from 2000C to 4000C and it is
desirable to increase the molar ratio of hydrogen to
carbon monoxide in the oxidation product gas. The
oxidation product gas may be fed directly from the
catalytic partial oxidation reactor 13 to the reactor
89 when the oxidation product gas has a temperature of
from 2000C to 4000C and the oxidation product gas is
utilized to produce a hydrocarbon product gas or when
the oxidation product gas has a temperature of from
2000C to 3000C and the oxidation product gas is
utilized to produce a hydrocarbon oxygenate product
gas. The oxidation product gas may be fed directly to
the third heat exchanger 59 when increasing the molar
ratio of hydrogen to carbon monoxide is not desired
and when the oxidation product gas may be cooled 



sufficiently in the third heat exchanger 59 so that
the cooled oxidation product gas has a temperature of
from 2000C to 4000C when the oxidation product gas is
utilized to produce a hydrocarbon product gas or has a
temperature of from 2000C to 3000C when utilized to
produce a hydrocarbon oxygenate product gas. The
oxidation product gas may be fed directly from the
catalytic partial oxidation reactor 13 to the
water-gas shift reactor 71, or the third heat
exchanger 59, or the reactor 89 by directing the flow
of the oxidation product gas to the selected element
while precluding flow of the oxidation product gas to
the first and second heat exchangers 11 and 17.
Theoxidation product gas may be directed from the
catalytic partial oxidation reactor 13 to the
water-gas shift reactor through lines 79 and 105,
where valves 27 and 107 may control the flow of the
oxidation product gas from the catalytic partial
oxidation reactor 13 to the water-gas shift reactor
71. The oxidation product gas may be directed from the
catalytic partial oxidation reactor 13 to the third
heat exchanger through lines 79 and 81, and the
oxidation product gas may be directed to the reactor
89 through the lines 79 and 85. Flow to the first and
second heat exchangers 11 and 17 may be precluded by
closing valves 23 and 25. As can be seen above, in
certain embodiments of the process of the invention,
certain steps of conditioning the oxidation product
gas to be converted to a hydrocarbon product gas or a
hydrocarbon oxygenate product gas may be omitted.
Therefore, in certain embodiments, a system for
effecting the process of the invention need not
include unnecessary elements. In an embodiment, for
example when the oxidation product gas is to be used
as a feedstock for a Fisher-Tropsch reaction, no
additional hydrogen may be needed in the oxidation
product gas, and the step of contacting the oxidation
product gas with a watergas shift catalyst need not be
conducted. In this embodiment, the water-gas shift
reactor 71 may be excluded from the system for
practicing the process of the invention, and the
oxidation product gas may be fed from the catalytic
partial oxidation reactor 13 to the first and/or
second heat exchangers 11 and 17 for cooling and
subsequently to the third heat exchanger 59 for
further cooling, or the oxidation product gas may be
fed directly from the catalytic partial oxidation
reactor 13 to the third heat exchanger 59 for cooling.
The cooled oxidation product gas may then be fed to
reactor 89 as a feedstock for conversion into one or
more hydrocarbons or into one or more hydrocarbon
oxygenates. In an embodiment, for example when the
water-gas shifted oxidation product gas exiting the
water-gas shift reactor 71 has a temperature within a
selected range of temperatures for converting the
water-gas shifted oxidation product gas to a
hydrocarbon product or a hydrocarbon oxygenate product
in reactor 89, the step of cooling the water-gas
shifted oxidation product gas in one or more third
heat exchangers 59 need not be conducted. In this
embodiment, the one or more third heat exchangers 59
may be excluded from the system for practicing the
process of the invention, and the water-gas shifted
oxidation product gas may be fed directly from the
water-gas shift reactor 71 to the reactor89 as a
feedstock for conversion into one or more hydrocarbons
or into one or more hydrocarbon oxygenates. In an
embodiment, for example, when 1) no additional
hydrogen may be needed in the oxidation product gas
and the step of contacting the oxidation product gas
with a watergas shift catalyst need not be conducted;
and 2) when the oxidation product gas exiting the
catalytic partial oxidation reactor or the cooled
oxidation product exiting the first heat exchanger 11
and/or the second heat exchanger 17 has a temperature
within a selected range of temperatures for converting
the oxidation product gas to a hydrocarbon product or 



a hydrocarbon oxygenate product in reactor 89, the
step of contacting the oxidation product gas with a
water-gas shift catalyst need not be conducted and the
step of cooling the oxidation product gas or the
water-gas shifted oxidation product gas in one or more
third heat exchangers 59 need not be conducted. In
this embodiment, the water-gas shift reactor 71 and
the one or more third heat exchangers 59 may be
excluded from the system for practicing the process of
the invention, and the oxidation product gas may be
fed directly from the catalytic partial oxidation
reactor 13 to the reactor 89 and/or the cooled
oxidation product gas may be fed from the first heat
exchanger 11 and/or the second heat exchanger 17
directly to the reactor 89. At a selected temperature,
in one embodiment attained by cooling, the oxidation
product gas or the water-gas shifted oxidation product
gas is reacted to form a hydrocarbon oxygenate product
gas, preferably methanol, or is reacted to form a
hydrocarbon product gas, preferably a Fisher-Tropsch
reaction product mixture. The oxidation product gas or
the water-gas shifted oxidation product gas may be
reacted to form a hydrocarbon oxygenate product gas or
a hydrocarbon product gas by contacting the oxidation
product gas or water-gas shifted oxidation product gas
with a selected catalyst. The oxidation product gas or
the water-gas shifted oxidation product gas may be
contacted with the selected catalyst in a reactor 89.
In one embodiment of the process of the invention, the
oxidation product gas or water-gas shifted oxidation
product gas is contacted with a catalyst selected so
that a hydrocarbon oxygenate product gas may be
produced by contact of the catalyst with the oxidation
product gas or water-gas shifted oxidation product
gas. In this embodiment, the oxidation product gas or
water-gas shifted oxidation product gas may be
contacted with the selected catalyst, preferably by
passing the oxidation product gas or water-gas shifted
oxidation product gas over and/or through a fixed bed
of the catalyst, in the reactor 89 at atemperature of
from 2000C to 3000C. The resulting hydrocarbon
oxygenate product gas may be comprised of a
hydrocarbon oxygenate gas, hydrogen, and carbon
dioxide, where the hydrocarbon oxygenate product gas
typically may have a temperature of from 2000C to
3000C upon exiting the reactor 89. In a preferred
embodiment the hydrocarbon oxygenate produced by
contact of the oxidation product gas or water-gas
shifted oxidation product gas with the selected
catalyst at a temperature of from 2000C to 3000C is
methanol. The resulting hydrocarbon oxygenate product
may be comprised of methanol gas, hydrogen, and carbon
dioxide. Methanol may be formed from the oxidation
product gas or the water-gas shifted oxidation product
gas according to the following reaction: CO + 2H2 >
CH3OH where carbon dioxide may be involved
mechanistically in the reaction, and increases the
reaction rate. The large quantity of carbon dioxide in
the oxidation product gas or the water-gas shifted
oxidation product gas, therefore, is useful to
increase the rate that methanol may be formed from
contact of catalyst with the oxidation product gas or
the water-gas shifted oxidation product gas. The
catalyst useful for catalyzing conversion of the
oxidation product gas or watergas shifted oxidation
product gas to methanol may be selected from
conventional commercially available catalysts for
effecting conversion of a gas containing CO, H2, and
optionally CO2, to methanol. Such catalysts may be
formed of copper, zinc, and/or aluminum metals or
their oxides. In an embodiment, a methanol catalyst
may include from 0 to 20 wt.% Zn, from 40 to 50 wt.%
Cu, and from 40 to 50 wt.% Al. In one embodiment, 



the methanol catalyst may be a copper-zinc-aluminum
alloy. One such alloy may be formed of a Cu/ZnO/Al2q
3mixture. In another embodiment of the process of the
invention, the oxidation product gas or water-gas
shifted oxidation product gas is contacted with a
catalyst selected so that a hydrocarbon product gas
may be produced in a Fisher-Tropsch synthesis by
contact of the catalyst with the oxidation product gas
or water-gas shifted oxidation product gas. The
Fisher-Tropsch synthesis is a reductive
oligomerization of carbon monoxide over a
heterogeneous catalyst that produces hydrocarbons of
various forms including paraffins, olefins, and
aromatics, where the hydrocarbons vary in carbon chain
length and/or content. In this embodiment, the
oxidation product gas or water-gas shifted oxidation
product gas may be contacted with the selected
Fisher-Tropsch catalyst, preferably by passing
theoxidation product gas or water-gas shifted
oxidation product gas over and/or through a fixed bed
of the catalyst, in the reactor 89 at a temperature of
from 2000C to 4000C. The hydrocarbon product gas may
contain one or more hydrocarbons, hydrogen, carbon
dioxide, and steam, and typically has a temperature of
from 2000C to 4000C upon exiting the reactor 89. A
preferred hydrogen to carbon monoxide molar ratio for
effecting the Fisher- Tropsch reaction is 2 :1. The
oxidative product gas formed in the catalytic partial
reactor typically has a molar ratio of hydrogen to
carbon monoxide of about 2:1, therefore, the oxidative
product gas generally need not be subjected to a
water-gas shift conversion to increase hydrogen
content of the oxidative product gas prior to
contacting the oxidation product gas with the catalyst
in the reactor 89 in a Fisher-Tropsch type conversion
to produce the hydrocarbon product gas. The catalyst
useful for catalyzing conversion of the oxidation
product gas in a Fisher-Tropsch synthesis may be
selected from conventional commercially available
Fisher-Tropsch type catalysts. Such catalysts may
comprise, as the catalytically active component, one
or more metals from Columns 8, 9, and/or 10 of the
Periodic Table, where cobalt, nickel, iron, and
ruthenium are particularly useful as catalytically
active components of the Fisher-Tropsch catalyst. The
catalyst may also include one or more promoters
selected from one or more metals or metal oxides from
Columns 2, 3, 4, 5, or 6 of the Periodic Table or the
actinides or lanthanides, where oxides of magnesium,
calcium, strontium, barium, scandium, yttrium,
lanthanum, cerium, titanium, zirconium, hafnium,
thorium, uranium, vanadium, chromium, and manganese
are suitable promoters. The catalytically active metal
may be supported on a porous carrier. The porous
carrier may be selected from any of the suitable
refractory metal oxides or silicates or combinations
thereof known in the art. Particular examples of such
porous carriers include silica, alumina, titania,
zirconia, ceria, gallia, and mixtures thereof,
preferably silica, alumina, and titania. The amount of
catalytically active metal in the catalyst may range
from 2 wt.% to 75 wt.% of the catalyst, or from 3 wt.%
to 40 wt.%, or from 5 wt.% to 25 wt.% of the catalyst.
The resulting hydrocarbon oxygenate product gas, from
converting the oxidation product gas to a hydrocarbon
oxygenate product, or the resulting hydrocarbon
product gas, from converting the oxidation product gas
in a Fisher-Tropsch reaction to a hydrocarbonproduct,
may optionally be passed from the reactor 89 to a
hydrogen separator 111 via line 113. Hydrogen present
in either the hydrocarbon oxygenate product gas or the
hydrocarbon product gas may be separated in the
hydrogen separator 111 and recycled back into the
reactor 89 through line 115 or separated as a hydrogen
gas product. It may be 



particularly useful to recycle hydrogen back into the
reactor 89 if the oxidation product gas is converted
to methanol, as an excess of hydrogen facilitates the
conversion. The hydrogen separator 111 preferably is
effective at separating hydrogen as a low pressure gas
from the hydrocarbon oxygenate product gas or the
hydrocarbon product gas while maintaining the
hydrocarbon oxygenate product gas or the hydrocarbon
product gas at a higher pressure. For example, the
hydrogen separated from the hydrocarbon oxygenate
product gas or the hydrocarbon product gas may have a
pressure of from 0.1 MPa to 2 MPa, while the
hydrocarbon oxygenate product gas or the hydrocarbon
product gas may have a pressure of from 5 MPa to 15
MPa. Hydrogen separated by the hydrogen separator 111
that is to be recycled back into reactor 89 may need
to be compressed to the pressure of the oxidation
product gas or water-gas shifted oxidation product gas
before being fed to the reactor 89. The separated
hydrogen may be compressed by a compressor 117 to
increase the pressure of the separated hydrogen prior
to feeding the separated hydrogen back into the
reactor 89. The separated hydrogen may be compressed
to a pressure of from 5 MPa to 15 MPa. Energy (e~) to
drive the compressor 117 may be supplied from energy
(e~) produced by the expander 119, as described below.
In an embodiment, the hydrogen separator 111 comprises
a hydrogen-permeable, hydrogen-selective membrane
through which hydrogen-but no other components of the
hydrocarbon oxygenate product gas or hydrocarbon
product gas-may pass, and that is effective for
operating at temperatures up to 4000C. Such a
hydrogen-separation membrane may comprise a support
coated with a thin layer of a metal or alloy that is
selectively permeable to hydrogen. The support may be
formed of a ceramic or metallic material that is
porous to hydrogen. Porous stainless steel or porous
alumina are preferred materials for the support of the
membrane. The hydrogen selective metal or alloy coated
on the support may be selected from metals from the
group consisting of Pd, Pt, Ni, Ag, Ta, V, Y, Nb, Ce,
In, Ho, La, Au, and Ru, and mixtures thereof,
particularly in the form of alloys. Palladium and
platinum alloys are preferred. A particularly
preferred membrane useful in the present process has a
very thin film of a palladium alloy having a high
surfacearea coating a porous stainless steel support.
Membranes of this type can be prepared using the
methods disclosed in U.S. Pat. No. 6,152,987. Thin
films of platinum or platinum alloys having a high
surface area would also be suitable as the hydrogen
selective material. The hydrogen-permeable,
hydrogen-selective membrane may be in the form of a
tube that the hydrocarbon oxygenate product gas or the
hydrocarbon product gas may contact as either product
gas passes through the hydrogen separator 111.
Alternatively, in an embodiment of the process,
hydrogen is not separated from the hydrocarbon
oxygenate product gas or the hydrocarbon product gas,
and no hydrogen separator 111 or compressor 117 is
included in the system for practicing the process. The
hydrocarbon oxygenate product gas or hydrocarbon
product gas, optionally less the hydrogen that had
been present in these product gases, may be passed to
an expander 119 via line 121. The hydrocarbon
oxygenate product gas or the hydrocarbon product gas
may be expanded through the expander 121 to
depressurize the gas and to generate energy (e~) as
the gas is expanded through the expander 121. The
expander 121 may be, for example, a turbine, where
passage of the hydrocarbon oxygenate product gas or
the hydrocarbon product gas through the turbine
generates electricity. The energy (e~) produced by
expanding the hydrocarbon oxygenate product gas or the
hydrocarbon product gas through the expander 119 may
be, and preferably is, sufficient 



to drive the unit 8 for separating oxygen from air, if
utilized in the system for practicing the process, and
to compress the hydrogen separated in the hydrogen
separator 111 in compressor 117, again, if utilized in
the system for practicing the process. The expander
119, therefore, may be operatively connected, e.g. by
electrical connections, with the unit 8 for separating
oxygen from air and/or with the compressor 117 for
compressing hydrogen separated in the hydrogen
separator 111. Optionally, any excess energy produced
by expanding the hydrocarbon oxygenate product gas or
the hydrocarbon product gas through the expander 119
may be delivered for use outside the system for
practicing the process of the present invention. The
expanded hydrocarbon oxygenate product gas or the
expanded hydrocarbon product gas may then be condensed
in condenser 123 at a temperature selected to be
effective to separate a liquid hydrocarbon oxygenate
product, preferably methanol, or a liquid hydrocarbon
product from carbon dioxide and other gases in the
hydrocarbon oxygenate product gas or the hydrocarbon
product gas that are not condensable at the selected
temperature. The expanded hydrocarbon oxygenate
product gas or the expandedhydrocarbon product gas may
be provided to the condenser 123 from the expander via
line 125. The temperature selected to condense a
liquid hydrocarbon oxygenate from an expanded
hydrocarbon oxygenate product gas should be in the
range from above the sublimation point of carbon
dioxide (-780C) to below the boiling point of the
liquid hydrocarbon oxygenate, or, if more than one
liquid hydrocarbon oxygenate is present in the
expanded hydrocarbon oxygenate product gas, below the
boiling point of the azeotropic hydrocarbon oxygenate
mixture. For example, if the hydrocarbon oxygenate to
be condensed is methanol, the temperature for
operating the condenser 123 should be selected within
the range of above -78C to below 67C, and preferably
from 100C to 35C. Likewise, the temperature selected
to condense a liquid hydrocarbon from an expanded
hydrocarbon product gas should be in the range from
above the sublimation point of carbon dioxide (-780C)
to below the boiling point of the liquid hydrocarbon,
or, if more than one liquifiable hydrocarbon is
present in the expanded hydrocarbon product gas(which
is likely with a Fisher-Tropsch reaction product),
below the boiling point of the hydrocarbon mixture. In
an embodiment, the temperature for operating the
condenser 123 to condense a liquid hydrocarbon product
from the expanded hydrocarbon product gas may be
selected within the range of from 00C to 500C, and
preferably from 100C to 35C. The temperature at which
the liquid hydrocarbon or the liquid hydrocarbon
oxygenate may be condensed in the condenser 123 may be
regulated with a coolant. The coolant may circulate
through the condenser 123, for example through coolant
coils or through a coolant jacket in the condenser, to
exchange heat with the hydrocarbon oxygenate product
gas or the hydrocarbon product gas and thereby
condense the liquid hydrocarbon oxygenate product or
the liquid hydrocarbon product from the gas. In a
preferred embodiment, the coolant is water, and the
water may be chilled water having a temperature of
less than 25C, or less than 200C. The liquid
hydrocarbon or liquid hydrocarbon oxygenate,
preferably methanol, which may optionally contain some
water may be separated as a product of the process
from the condenser 123 through line 127. The liquid
hydrocarbon product or liquid methanol product may be
utilized as described in more detail below. The
process of the present invention is highly efficient,
where at least 80%, or at least 85%, or at least 90%,
on a molar basis, of carbon present in the
hydrocarbons of the extracted gas may berecovered in
the liquid hydrocarbon or the liquid hydrocarbon
oxygenate, which is 



preferably methanol. A carbon dioxide-rich gas may be
separated from the condenser 123 through line 129. In
an embodiment, the carbon dioxide-rich gas may be
re-injected into the reservoir 1 through the well 3.
Re-injection of the carbon dioxide rich gas into the
reservoir 1 serves to reduce the amount of greenhouse
gases emitted into the atmosphere as a result of
conducting the process of the invention and also
serves to maintain the reservoir pressure. In an
embodiment, at least 85%, or at least 90%, or at least
95% of the carbon dioxide present in the extracted
gas, on a mass basis, is recovered by separation from
the condenser and is re-injected into the reservoir 1.
Further, as described above, injection of carbon
dioxide into the reservoir may serve to fracture the
formation of the reservoir 1 to enable the production
of further natural gas from the reservoir 1,
particularly if the carbon dioxide is re-compressed
prior to injecting it into the reservoir 1. In an
embodiment, liquid nitrogen derived from separating
the oxygen containing gas from air in the air
separation unit 8 may be used to cool the carbon
dioxide-rich gas, and the cooled carbon dioxide-rich
gas may be compressed prior to injection to increase
the efficiency of injection. In an embodiment, the
liquid hydrocarbon oxygenate product or the liquid
hydrocarbon product may be transported and/or further
processed. The liquid hydrocarbon product or liquid
hydrocarbon oxygenate product may be loaded into
transport containers, for example liquid transport
tanks, and then may be transported to a selected
location. For example, liquid hydrocarbon product or
liquid hydrocarbon oxygenate product produced from a
reservoir located offshore may be loaded into liquid
transport tanks on a ship and then transported by the
ship to a refinery for further processing. Liquid
hydrocarbon oxygenate product that is methanol, or
primarily methanol, may be further processed to
produce higher molecular weight hydrocarbon products
either after being transported or at the well-site. In
an embodiment of the process of the invention, the
methanol recovered as liquid methanol product may be
converted to a high octane gasoline product by the
known methanol-to-gasoline process in which methanol
may be converted to gasoline utilizing one or more
catalysts such as solid acid catalysts including
zeolite or silicaaluminophosphate molecular sieve
catalysts. The liquid methanol product may be
superheated and mixed with a synthesis gas, optionally
the oxidation product gas, and contacted with a
zeolite catalyst, in an embodiment a ZSM-5 zeolite, in
a methanol conversion reactor (not shown) at a
temperature of from 3600C to 3800C and apressure of
from 1.5 MPa to 2.5 MPa to produce a
gasoline-containing product. Gasoline may be separated
from the gasoline-containing product by distillation.
In another embodiment of the process of the invention,
liquid methanol product may be converted to light
olefins including ethene and propene according to
known methanol-to-olefin processes. The liquid
methanol product may be heated to a temperature of
from 4500C to 5500C at a pressure of less than 1.5 MPa
and contacted with a solid acid catalyst, such as a
zeolite or a silicaaluminophosphate molecular sieve
catalyst to produce the olefin product. In another
embodiment of the invention, a liquid hydrocarbon
product produced in the process by a Fisher-Tropsch
type reaction may be converted to useful hydrocarbon
transportation fuels such as a high cetane diesel or
naphtha either after being transported or at the well
site. The liquid hydrocarbon product may be converted
to naphtha, diesel, and other hydrocarbon fractions by
distilling the liquid hydrocarbon product and
selecting appropriate boiling range cuts to separate
selected hydrocarbon fractions such as diesel, or
naphtha from other hydrocarbons present in the liquid
hydrocarbon fraction.C L A I M S 



1. A method for recovering a natural gas contaminated
with high levels of CO2 and converting the natural gas
into a liquid hydrocarbon containing one or more
hydrocarbons or a liquid hydrocarbon oxygenate
containing one or more liquid hydrocarbon oxygenates,
comprising: a) extracting a gas comprising carbon
dioxide and methane from a reservoir containing
natural gas, where carbon dioxide comprises at least
50 vol.% of the extracted gas; and b) oxidizing the
extracted gas with an oxygen containing gas in the
presence of a partial oxidation catalyst at a
temperature of less than 6000C to produce an oxidation
product gas containing hydrogen, carbon monoxide, and
carbon dioxide, where the molar ratio of oxygen from
the oxygen containing gas to carbon from the
hydrocarbons of the extracted gas is less than one; c)
utilizing the oxidation product gas to produce the
liquid hydrocarbon containing one or more hydrocarbons
or the liquid hydrocarbon oxygenate containing one or
more hydrocarbon oxygenates. 2. The method of claim 1
wherein the extracted gas is oxidized with the oxygen
containing gas in the presence of steam. 3. The method
of claim 1 or claim 2 wherein carbon dioxide comprises
more than 60 vol.% of the extracted gas. 4. The method
of claim 1 or any of claims 2-3 further comprising the
step of separating carbon dioxide from the liquid
hydrocarbon or the liquid hydrocarbon oxygenate to
produce the liquid hydrocarbon containing one or more
hydrocarbons or the liquid hydrocarbon oxygenate
containing one or more hydrocarbon oxygenates. 5. The
method of claim 4 further comprising the step of
re-injecting the carbon dioxide separated from the
liquid hydrocarbon or the liquid hydrocarbon oxygenate
into the reservoir.6. The method of claim 1 or any of
claims 2-5 wherein the oxidation product gas is
utilized to produce a liquid hydrocarbon oxygenate by:
a) optionally contacting the oxidation product gas
with steam and a water gas shift catalyst at a
temperature of from 2000C to 4000C and a pressure of
from 0.1 MPa to 15 MPa to produce a water-gas shifted
oxidation product gas; b) contacting the oxidation
product gas or the water-gas shifted oxidation product
gas with a hydrocarbon oxygenate synthesis catalyst at
a temperature of from 2000C to 3000C and a pressure of
from 5 MPa to 15 MPa to produce a hydrocarbon
oxygenate product gas containing a hydrocarbon
oxygenate; c) optionally separating one or more
non-hydrocarbon oxygenate gases from the hydrocarbon
oxygenate product gas to produce a hydrocarbon
oxygenate-enriched hydrocarbon oxygenate product gas;
and d) separating liquid hydrocarbon oxygenate from
the hydrocarbon oxygenate product gas or the
hydrocarbon oxygenate-enriched hydrocarbon oxygenate
product gas. 7. The method of claim 1 or any of claims
2-5 wherein the oxidation product gas is utilized to
produce liquid methanol by: a) optionally contacting
the oxidation product gas with steam and a water gas
shift catalyst at a temperature of from 2000C to 4000C
and a pressure of from 0.1 MPa to 15 MPa to produce a
water-gas shifted oxidation product gas; b) contacting
the oxidation product gas or the water-gas shifted
oxidation product gas with a methanol synthesis
catalyst at a temperature of from 2000C to 3000C and a



pressure of from 5 MPa to 15 MPa to produce a methanol
product gas containing methanol; c) optionally
separating one or more non-methanol gases from the
methanol product gas to produce a methanol-enriched
hydrocarbon oxygenate product gas; and d) separating
liquid methanol from the methanol product gas or the
methanolenriched methanol product gas. 8. The method
of claim 7 wherein the step of optionally separating
one or more nonmethanol gases from the methanol
product gas to produce a methanol-enriched product gas
comprises separating hydrogen from the methanol
product gas.9. The method of claim 8 further
comprising the steps of a) compressing the separated
hydrogen to a pressure of from 5 MPa to 15MPa; and b)
mixing the compressed separated hydrogen with the
oxidation product gas or the water-gas shifted
combustion product gas prior to contacting the
oxidation product gas or the water-gas shifted
oxidation product gas with the methanol synthesis
catalyst to produce the methanol product gas. 10. The
method of claim 7 or any of claims 8-9 wherein the
step of separating liquid methanol from the methanol
product gas comprises separating liquid methanol from
carbon dioxide. 11. The method of claim 7 or any of
claims 8-10 further comprising the step of cooling the
oxidation product gas by at most 3000C prior to
contacting the oxidation product gas with steam and
the water-gas shift catalyst. 12. The method of claim
7 or any of claims 8-10 further comprising the step of
cooling the oxidation product gas by at most 3000C
prior to contacting the oxidation product gas with the
methanol synthesis catalyst. 13. The method of claim 1
or any of claims 2-5 wherein the oxidation product gas
is utilized to produce a liquid hydrocarbon by: a)
optionally contacting the oxidation product gas with
steam and a water-gas shift catalyst at a temperature
of from 2000C to 4000C and a pressure of from 0.1 MPa
to 15 MPa to produce a water-gas shifted oxidation
product gas; b) contacting the oxidation product gas
or the water-gas shifted oxidation product gas with a
Fisher-Tropsch catalyst at a temperature of from 2000C
to 4000C and a pressure of from 1MPa to 5 MPa to
produce a hydrocarbon product gas; c) optionally
separating one or more non-hydrocarbon gases from the
hydrocarbon product gas to produce a
hydrocarbon-enriched hydrocarbon product gas; and d)
separating a liquid hydrocarbon product from the
hydrocarbon product gas or the hydrocarbon-enriched
hydrocarbon product gas.14. The method of claim 13
further comprising the step of cooling the oxidation
product gas by at most 3000C prior to contacting the
oxidation product gas with steam and the water-gas
shift catalyst. 15. The method of claim 13 further
comprising the step of cooling the oxidation product
gas by at most 3000C prior to contacting the oxidation
product gas with the Fisher-Tropsch catalyst. 


