
TRIAZINE, PYRIMIDINE AND PYRIDINE ANALOGS AND THEIR USE AS THERAPEUTIC
AGENTS AND DIAGNOSTIC PROBES FIELD OF THE INVENTION The invention relates
to new therapeutic agents and diagnostic probes, including pharmaceutically
acceptable salts, prodrugs and metabolites thereof, which are useful for
modulating protein or enzyme activity for modulating cellular activities
such as signal transduction, proliferation, differentiation, programmed
cell death, migration and cytokine secretion. More specifically the
invention provides compounds which inhibit, regulate, detect and/or
modulate kinase activity, in particular phosphoinositide 3-kinase (PI3K),
mammalian target of rapamycin (mTOR), DNA-PK and ATM kinase inhibitor
compounds, their pharmaceutically acceptable salts, and prodrugs thereof;
compositions of the new compounds, either alone or in combination with at
least one additional therapeutic agent, with a pharmaceutically acceptable
carrier; and uses of the new compounds, either alone or in combination with
at least one additional therapeutic agent, in the prophylaxis or treatment
of a number of diseases, in particular, those characterized by the abnormal
activity of serine/threonine kinases, receptor tyrosine kinases and lipid
kinases. The invention also relates to methods of using the compounds for
in vitro, in situ, and in vivo diagnosis, assay development or treatment of
mammalian cells, or associated pathological conditions. BACKGROUND OF THE
INVENTION Protein kinases participate in the signaling events which control
the activation, growth, differentiation, survival and migration of cells in
response to extracellular mediators or stimuli including growth factors,
cytokines or chemokines. In general, these kinases are classified in two
groups, those that preferentially phosphorylate tyrosine residues and those
that preferentially phosphorylate serine and/or threonine residues. The
tyrosine kinases include membrane-spanning growth factor receptors, for
example the epidermal growth factor receptor (EGFR) and cytosolic
non-receptorkinases including Src family kinases, the Syk family kinases
and the Tec family kinases. Inappropriately high protein kinase activity is
involved in many diseases including cancer, metabolic diseases,
immunological diseases and inflammatory disorders. This can be caused
either directly or indirectly by the failure of control mechanisms due to
mutation, overexpression or inappropriate activation of the enzyme. Protein
tyrosine kinases - both receptor tyrosine kinases and non-receptor kinases
- are essential for the activation and proliferation of cells of the immune
system. Among the earliest detectable events upon the immunoreceptor
activation in mast cells, T cells and B cells is the stimulation of
non-receptor tyrosine kinases. Phosphoinositide 3-kinases (PI3Ks) were
early on identified as lipid kinases associated with viral oncogens
[Whitman et al., Nature 315:239-242 (1985); Sugimoto et al., Proc. Natl.
Acad. Sci. 8 1:21 17-2121 (1984); Macara et al., Proc. Natl. Acad. Sci. 8
1:2728-2732 (1984)], and for the last 20 years, the connection between
cancer and PI3K has been further substantiated [Cully et al., Nat. Rev.,
Cancer 6:184-192 (2006); Wymann et al., Curr. Opin. Cell Biol. 17:141-149
(2005); Vivanco et al., Nat. Rev., Cancer 2:489-501 (2002)]. PI3Ks have
since been recognized to modulate a wide range of cellular activities, and
to be central to the growth and metabolic control. Genetically modified
mice targeting the PI3K pathway, and the elucidation of human hereditary
disease like Cowden's syndrome, tuberous sclerosis, ataxia telangiectasia,
X-linked myotubular myopathy and Charcot-Marie- Tooth neuropathy, have
provided further insight in the cellular and systemic role of
phosphoinositide signaling. Deregulation of phosphoinositide levels, and in
particular the product of class I PI3Ks, Ptdlns (3,4,5)P3, is involved in
the pathogenesis of cancer, chronic inflammation, allergy, metabolic
disease, diabetes and cardiovascular problems. PI3Ks are a family of
enzymes, which phosphorylate the 3'-OH position of the inositol ring of
phosphoinositides. They have been divided into three classes on the basis
of structural features and in vitro lipid substrate specificity [(Marone et
al., Biochimica et Biophysica Acta 1784:159-185 (2008)]. Class I PI3Ks form
heterodimers, which consist of one of the four closely related 110 kDa
catalyticsubunits, and an associated regulatory subunit belonging to two
distinct families. In vitro they are capable to convert Ptdlns to
Ptdlns-3-P, Ptdlns-4-P to Ptdlns(3,4)P2, and Ptdlns(4,5)P2 to
Ptdlns(3,4,5)P3, but the in vivo substrate is Ptdlns(4,5)P2 [Cantley et
al., Science 296:1655-1657 (2002)]. Class I PI3Ks are activated by a large
variety of cell-surface receptors, comprising growth factor receptors as
well as G protein-coupled receptors. Class Il PI3Ks are capable to
phosphorylate Ptdlns and Ptdlns-4-P in vitro, but 



their relevant in vivo substrates are still under investigation. This class
of large (170- 200 kDa) enzymes has three members, all characterized by a
C-terminal C2 homology domain. No adaptor molecules for class Il PI3Ks have
been identified so far. Class III PI3Ks are solely able to phosphorylate
Ptdlns, and thus generate only Ptdlns-3-P. The single member of this class
is Vps34, of which the S. cerevisiae Vps34p (vacuolar protein sorting
mutant 34 protein) is the prototype, and has been shown to play an
essential role in trafficking of newly synthesized proteins from the Golgi
to the yeast vacuole, an organelle eq.uivalent to lysosomes in mammals
[Schu et al., Science 260:88-91 (1993)]. Phosphoinositide 4-kinases (PI4Ks)
phosphorylate the 4'-OH position of the inositol ring of Ptdlns, and
thereby generate Ptdlns-4-P. This lipid can then be further phosphorylated
by Ptdlns-4-P 5-kinases to generate Ptdlns (4,5)P2, which is the main
source for phospholipase C and PI3K signaling at the plasma membrane. Four
PI4Ks isoforms are known: PI4Klla and b, and PI4Klll a and b. The PI4KIHs
are most closely related to PI3Ks. The class of PI3K-related proteins,
referred to as class IV PI3Ks, consists of high molecular weight enzymes
with a catalytic core similar to PI3Ks and PI4Ks and include the target of
rapamycin (mTOR, also known as FRAP), DNA-dependent protein kinase
(DNA-PKcs), the ataxia telangiectasia mutated gene product (ATM), ataxia
telangiectasiarelated (ATR), SMG-1 and transformation/transcription
domainassociated protein (TRRAP). The first five members are active protein
serinethreonine kinases that are involved in cell growth control and
genome/transcriptome surveillance [(Marone et al., Biochimica et Biophysica
Acta 1784:159-185 (2008)]. DNA-PKcs, ATM, ATR and SMG-1 are involved in
DNA-damage responses. The only active kinase not involved in DNA-damage is
mTOR, which is regulated bygrowth factors and nutrient availability, and
coordinates protein synthesis, cell growth and proliferation. Target of
rapamycin (mTOR) complexes 1 and integrate growth factor signaling (via
PI3K/PKB and the Ras/MAPK cascade), energy status (LKB1 and AMPK) and
nutrient detection. TOR is positively regulated by PKB/Akt, which
phosphorylates the negative regulator TSC2 in the tuberous sclerosis
complex (TSC), resulting in activation of the GTPase Rheb and mTOR [(Marone
et al., Biochimica et Biophysica Acta 1784:159-185 (2008)]. In parallel,
mTOR stimulates translation of ribosomal proteins and therefore ribosome
biogenesis via the activitation of p70S6K [Wullschleger et al., Cell
124:471 (2006)]. Rapamycin, and its derivatives RAD001 and CCI-779, bind to
FKBP12, and the complex blocks mTOR complex 1 (mTORCI) activity very
selectively. Various clinical trials were initiated using Rapamycin and
derivatives, mostly in patients with tumors displaying elevated PI3K
signaling and hyperactive mTOR. Promising results were obtained in mantle
cell lymphoma, endometrial cancer and renal cell carcinoma [Guertin et al.,
Cancer Cell 12:9 (2007)]. Rapamycin and its derivatives possess
anti-angiogenic activity because they counteract VEGF action [Guba et al.,
Nat. Med. 8:128 (2002)]. This opens avenues for combinatorial treatments
with conventional chemotherapy [Beuvink et al., Cell 120:747 (2005)]. The
PI3K pathway is a key signaling transduction cascade controlling the
regulation of cell growth, proliferation, survival as well as cell
migration. PI3Ks are activated by a wide variety of different stimuli
including growth factors, inflammatory mediators, hormones,
neurotransmitters, and immunoglobulins and antigens [Wymann et al., Trends
Pharmacol. Sci. 24:366-376 (2003)]. The class IA PI3K isoforms PI3Ka, b and
d, are all bound to one of the p85/p55/p50 regulatory subunits, which all
harbor two SH2 domains that bind with high affinity to phosphorylated Tyr-
X-X-Met motifs. These motifs are present in activated growth factor
receptors, their substrates and numerous adaptor proteins. As described
above, activation of the PI3K/PKB signaling cascade has a positive effect
on cell growth, survival and proliferation. Constitutive up-regulation of
PI3K signaling can have a deleterious effect on cells leading to
uncontrolled proliferation, enhanced migration and adhesion-independent
growth. These events favor not only the formation of malignant tumors, but
also the development of inflammatory and autoimmunedisease. The PI3
kinase/Akt/PTEN pathway is an attractive target for cancer drug development
since such agents would be expected to inhibit proliferation, reverse the
repression of apoptosis and surmount resistance to cytotoxic agente in
cancer cells. PI3 kinase inhibitors have been reported [see notably Marone
et al., Biochimica et Biophysica Acta 1784:159-185 (2008); Yaguchi et al.
(2006) Jour. Of the Nat. Cancer Inst. 98(8):545-556; US71 73029; US7037915;
US6608056; US6608053; US6838457; US6770641 ; US6653320; US6403588;
US6703414; WO9715658; WO2006046031 ; WO2006046035; WO2006046040;
WO2007042806; WO2007042810; WO20040 17950; US2004092561 ; WO2004007491 ; 



WO2004006916; WO2003037886; US20031 49074; WO2003035618; WO2003034997;
WO2007084786; WO2007095588; WO2008098058; US2003158212; EP1417976;
US2004053946; JP2001247477; JP08175990; JP081 76070]. 1,3,5-triazine and
pyrimidine derivatives as pharmaceuticals have been made with respect to
antitumor, anti-inflammatory, analgesic and antispasmodic activities.
Especially, hexamethylmelamine or altretamin (HMM or N2,N2,N4,N4,N6,N6-
hexamethyl-1 ,3,5-triazine-2,4,6-triamine) is well-known, which has been
developed as analogue of antitumor agent triethylenemelamine (TEM); HMM
acts as a prodrug of hydroxymethylpentamethylmelamine (HMPMM: metabolically
active type of HMM) [Johnson et al., Cancer, 42:2157-2161 (1978)]. HMM has
been marketed in Europe under the indications for the treatment of ovarian
and small cell lung cancers. Certain triazine compounds are known to have
PI3 kinase inhibitor activity and inhibit the growth of cancer cells
[WO020881 12 (EP1389617), "HETEROCYCLIC COMPOUNDS AND ANTITUMOR AGENT
CONTAINING THE SAME AS ACTIVE INGREDIENT", Kawashima et al., Filing date:
26.04.2002; WO05095389 (EP1741714), "HETEROCYCLIC COMPOUND AND
ANTI-MALIGNANT-TUMOR AGENT CONTAINING THE SAME AS ACTIVE INGREDIENT",
Kawashima et al., Filing date: 30.03.2005; WO06095906 (EP1 864665),
"IMMUNOSUPPRESSIVE AGENT AND ANTI-TUMOR AGENT COMPRISING HETEROCYCLIC
COMPOUND AS ACTIVE INGREDIENTS", Haruta et al., Filing date: 11 .03.2005;
WO09905138 (EP1 020462), HETEROCYCLIC COMPOUNDS AND ANTITUMOR
AGENTCONTAINING THE SAME AS ACTIVE INGREDIENT, Kawashima et al., Filing
date: 24.07.1998; ] . The triazine compound ZSTK474, developed in research
laboratories of Zenyaku Kogyo is the first orally administered triazine
compound highly active against PI3Ks that displayed potent antitumor
activity against human cancer xenografts in mice, without evidence of
critical toxicity [Yaguchi et al., Journal of the National Cancer
Institute, 98:545-556, (2006)]. ZSTK474 is an ATP-competitive inhibitor of
class I phosphatidylinositol 3-kinase isoforms [Kong et al., Cancer Sci,
98:1638-1642 (2007)]. Certain pyrimidine compounds are known to have p 1 10
alpha binding, PI3 kinase inhibitor activity and inhibit the growth of
cancer cells [IP of AstraZeneca: WO07066103, WO07080382, WO08023159,
WO08023180, WO08032027, WO08032033, WO08032036, WO08032041, WO08032072,
WO08032077, WO08032086, WO08032089, WO08032091 ; IP of
Genentech/Piramed/Roche: US2007009880, WO07127183, WO08073785, WO07042810,
WO07122410, WO07127175, WO07129161 , WO08070740, WO2006046031 ,
WO2006046040, WO2007042806, WO20071 22410; IP of Novartis: WO07084786,
WO08098058]. In order to expand antitumor spectrum of and increase
antitumor activities of such compounds, active against PI3Ks and/or mTOR,
the inventors carried out intensive studies on triazine-, pyrimidine- and
pyridine-based derivatives. They thus prepared new heterocyclic compounds
represented by the formula (I) and formulas (Ia) to (Ii) which exhibit
strong biological activity against lipid kinases. In comparison with the
PI3K inhibitors disclosed by Zenyaku Kogyo [WO020881 12 (EP1389617),
WO2005095389 (EP1741714), WO2006095906 (EP1 864665), WO09905138 (EP1
020462)], AstraZeneca (WO07066103, WO07080382, WO08023159, WO08023180,
WO08032027, WO08032033, WO08032036, WO08032041 , WO08032072, WO08032077,
WO08032086, WO08032089, WO08032091), Piramed/Genentech (US2007009880,
WO07127183, WO08073785, WO07042810, WO071 22410, WO07127175, WO08070740,
WO2006046031 , WO2006046040, WO2007122410), Yamanouchi/Piramed (WO01
083456) and Novartis (WO07084786, WO08098058), the inhibitors of the
invention differ in the insertion of a N atom in the basic heterocyclic
ring that makes better biological activity to the target enzyme, and/or
inthe insertion of a novel molecular fragment making the whole molecule
more active or more selective to the appropriate enzyme. SUMMARY OF THE
INVENTION The invention relates generally to new triazine-, pyrimidine- and
pyridinebased derivatives and their use as therapeutic agents and
diagnostic probes. The invention also relates to kinase inhibitors and
kinase diagnostic probes. The invention also relates to phosphoinositide
3-kinase (PI3K) and mammalian target of rapamycin (mTOR) inhibitor
compounds with anti-cancer activity, pharmaceutical formulations thereof,
which are potentially useful in treatment of disease, conditions and/or
disorders modulated by PI3K and mTOR kinases. The compounds may inhibit
tumor growth in mammals and may be useful for treating human cancer
patients. The invention also relates to methods of using the compounds for
in vitro, in 



situ, and in vivo diagnosis or treatment of mammalian cells, organisms, or
associated pathological conditions. Specifically, one aspect of the
invention provides compounds of formula (I). More specifically, one aspect
of the invention provides triazine compounds of formulas (Ia) to (Id),
pyrimidine compounds of formulas (If) to (Ii) and pyridine compounds of
formulas (Ie) and (If) to (Ii): (I)(Ib) Triazine Pyridine (U = N; Q, G =C)
Fused Pyrimidine (G = N) (W) Pyridine (G = N; Q, U = C) Fused Pyridine (G =
C) Triazine Pyridine (Q = N; U, G = C) = N) . C) and stereoisomers,
geometric isomers, tautomers, solvates, metabolites, Noxide derivatives and
pharmaceutically acceptable salts thereof. Another aspect of the invention
provides a pharmaceutical composition comprising a triazine or a pyrimidine
or a pyridine compound of formula (I) or one offormulas (Ia) to (Ii) and a
pharmaceutically acceptable carrier. The pharmaceutical composition may
further comprise one or more additional therapeutic agents selected from
antiproliferative agents, anti-inflammatory agents, immunomodulatory
agents, neurotropic factors, agents for treating blood disorders, agents
for treating diabetes, and agents for treating immunodeficiency disorders.
Another aspect of the invention provides methods of inhibiting PI3 kinase
activity, comprising contacting a PI3 kinase with an effective inhibitory
amount of a compound of formula (I) or one of formulas (Ia) to (Ii), or a
stereoisomer, geometric isomer, tautomer, solvate, metabolite, N-oxide
derivative or pharmaceutically acceptable salt or prodrug thereof. Another
aspect of the invention provides methods of preventing or treating a
disease or disorder modulated by PI3 kinases, comprising administering to a
mammal in need of such treatment an effective amount of a compound of
formula (I) or one of formulas (Ia) to (Ii), or a stereoisomer, geometric
isomer, tautomer, solvate, metabolite, N-oxide derivative or
pharmaceutically acceptable salt or prodrug thereof. Examples of such
diseases, conditions and disorders include, but are not limited to,
hyperproliferative disorders (e.g., cancer, including melanoma and other
cancers of the skin), neurodegeneration, cardiac hypertrophy, pain,
migraine, neurotraumatic diseases, stroke, diabetes, hepatomegaly,
cardiovascular disease, Alzheimer's disease, cystic fibrosis, autoimmune
diseases, atherosclerosis, restenosis, psoriasis, allergis disorders,
inflammation, neurological disorders, hormone-related diseases, conditions
associated with organ transplantation, immunodeficiency disorders,
destructive bone disorders, hyperproliferative disorders, infectious
diseases, conditions associated with cell death, thrombin-induced platelet
aggregation, chronic myelogenous leukaemia (CML), liver disease, pathologic
immune conditions involving T cell activation, and CNS disorders. Another
aspect of the invention provides methods of preventing or treating a
hyperproliferative disorder, comprising administering to a mammal in need
of such treatment an effective amount of a compound of formula (I) or one
of formulas (Ia) to (Ii), or a stereoisomer, geometric isomer, tautomer,
solvate, metabolite, N-oxide derivative or pharmaceutically acceptable salt
or prodrug thereof, alone or in combination with one or more additional
compounds having anti-hyperproliferativeproperties. In a further aspect the
present invention provides a method of using a compound of this invention
to treat a disease or condition modulated by PI3 kinase and/or mTOR in a
mammal. An additional aspect of the invention is the use of a compound of
this invention in the preparation of a medicament for the treatment or
prevention of a disease or condition modulated by PI3 kinase in a mammal.
Another aspect of the invention includes kits comprising a compound of
formula (I) or one of formulas (Ia) to (Ii), or a stereoisomer, geometric
isomer, tautomer, solvate, metabolite, N-oxide derivative or
pharmaceutically acceptable salt or prodrug thereof, a container, and
optionally a package insert or label indicating a treatment. Another aspect
of the invention includes methods of preparing, methods of separating, and
methods of purifying compounds of formula (I) or one of formulas (Ia) to
(Ii). 



Another aspect of the invention includes novel intermediates useful for
preparing formula (I) or one of formulas (Ia) to (Ii). Additional
advantages and novel features of this invention shall be set forth in part
in the description that follows, and in part will become apparent to those
skilled in the art upon examination of the following specification or may
be learned by the practice of the invention. The advantages of the
invention may be realized and attained by means of the instrumentalities,
combinations, compositions, and methods particularly pointed out in the
appended claims. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS Reference
will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying structures and
formulas. While the invention will be described in conjunction with the
enumerated embodiments, it will be understood that they are not intended to
limit the invention to those embodiments. On the contrary, the invention is
intended to cover all alternatives, modifications, and equivalents which
may be included within the scope of the presentinvention as defined by the
claims. One skilled in the art will recognize many methods and materials
similar to equivalent to those described herein, which could be used in the
practice of the present invention. The present invention is in no way
limited to the methods and materials herein described. In the event that
one or more of the literature, patents, and similar materials referred to
differs from or contradicts the present application, as regards including
but not limited to defined terms, term usage, described techniques, or the
like, only the teaching of the present application will be taken into
consideration. DEFINITIONS The term "alkyl" as used herein refers to a
saturated linear or branched-chain monovalent hydrocarbon radical of one to
twelve carbon atoms (C1-C12), wherein the alkyl radical may be optionally
substituted independently with one or more substituents described below. In
another embodiment, an alkyl radical is one to eight carbon atoms (C1-C8),
or one to six carbon atoms (C1-C6). Examples of alkyl groups include, but
are not limited to, methyl (Me, -CH3) , ethyl (Et, -CH2CH3) , 1-propyl
(n-Pr, n-propyl, -CH2CH2CH3) , 2-propyl (i-Pr, i-propyl, -CH(CH3)2) ,
1-butyl (n-Bu, n-butyl, - CH2CH2CH2CH3) , 2-methyl-1 -propyl (i-Bu,
i-butyl, -CH2CH(CH3)2) , 2-butyl (s-Bu, sbutyl, -CH(CH3)CH2CH3) ,
2-methyl-2-propyl (t-Bu, t-butyl, -C(CH 3 3) , 1-pentyl (npentyl,
-CH2CH2CH2CH2CH3) , 2-pentyl (-CH(CH3)CH2CH2CH3) , 3-pentyl (- CH(CH2CHs)2)
, 2-methyl-2-butyl (-C(CHs)2CH2CH3) , 3-methyl-2-butyl (- CH(CH3)CH(CH 3)2)
, 3-methyM -butyl (-CH2CH2CH(CH3)2) , 2-methyl-1 -butyl (-
CH2CH(CH3)CH2CH3) , 1-hexyl (-CH2CH2CH2CH2CH3) , 2-hexyl (- CH(CH 3)CH
2CH2CH2CH3) , 3-hexyl (-CH(CH 2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl (-
C(CHs)2CH2CH2CHs), 3-methyl-2-pentyl (-CH(CH 3)CH(CH 3)CH 2CH3) ,
4-methyl-2- pentyl (-CH(CH3)CH2CH(CHs)2) , 3-methyl-2-pentyl (-CH(CH
3)(CH2CH3)2) , 2-methyl-3- pentyl (-CH(CH 2CH3)CH(CH 3)2) ,
2,3-dimethyl-2-butyl (-C(CH 3)2CH(CH3)2) , 3,3- dimethyl-2-butyl (-CH(CH
3)C(CH3)3 > 1-heptyl, 1-octyl, and the like. The term "alkenyl" refers to
linear or branched-chain monovalent hydrocarbon radical of two to eight
carbon atoms (C2-C8) with at least one site of unsaturation, i.e., a
carbon-carbon, sp2 double bond, wherein the alkenyl radical may be
optionallysubstituted indenpendently with one or more substituents
described herein, and includes radicals having "cis" and "trans"
orientations, or alternatively, "E" and "Z" orientations. Examples include,
but are not limited to, ethylenyl or vinyl (-CH=CH2) , allyl (-CH2CH=CH2) ,
and the like. The term "alkynyl" refers to a linear or branched monovalent
hydrocarbon radical of two to eight carbon atoms (C2-C8) with at least one
site of unsaturation, i.e., a carbon-carbon, sp triple bond, wherein the
alkynyl radical may be optionally substituted independently with one or
more substituents described herein. Examples include, but are not limited
to, ethynyl (-CCH), propynyl (propargyl, -CH2C=CH), and the like. The term
"halogen" (or halo) preferably represents chloro or fluoro, but may also be
bromo or iodo. The terms "carbocycle", "carbocyclyl", "carbocyclic ring"
and "cycloalkyl" refer to a monovalent non-aromatic, saturated or partially
unsaturated ring having 3 to 12 carbon atoms (C3-C12) as a monocyclic ring
or 7 to 12 carbon atoms as a bicyclic ring. Bicyclic carbocyclated having 7
to 12 atoms can be arranged, for example, as a bicyclo [4,5], [5,5], [5,6]
or [6,6] system, and bicyclic carbocycles having 9 or 10 ring atoms can be
arranged as a bicycle [5,6] or [6,6] system, or as bridged systems such as
bicyclo[2.2.1]heptane, bicycle[2.2.2]octane and bicycle[3.2.2]nonane.
Examples of monocyclic carbocycles include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-enyl,
1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1- cyclohex-1-enyl,
1-cyclohex-2-enyl, 1-cyc(ohex-3-enyl, cyclohexadienyl, cycloheptyl, 



cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl, and the
like. "Aryl" means a monovalent aromatic hydrocarbon radical of 6-20 carbon
atoms (C6- C20) derived by the removal of one hydrogen atom from a single
carbon atom of a parent aromatic ring system. Some aryl groups are
represented in the exemplary structures as "Ar". Aryl includes bicyclic
radicals comprising an aromatic ring fused to a saturated, partially
unsaturated ring, or aromatic carbocyclic ring. Typical aryl groups
include, but are not limited to, radicals derived from benzene(phenyl),
substituted benzenes, naphthalene, anthracene, biphenyl, indenyl, indanyl,
1,2- dihydronapthalene, 1,2,3,4-tetrahydronaphthyl, and the like. Aryl
groups are optionally substituted independently with one or more
substituents described herein.The terms "heterocycle", "heterocyclyl" and
"heterocyclic ring" are used interchangeably herein and refer to a
saturated or a partially unsaturated (i.e., having one or more double
and/or triple bonds within the ring) carbocyclic radical of 3 to 20 ring
atoms in which at least one ring atom is a heteroatom selected from
nitrogen, oxygen, phosphorus and sulphur, the remaining ring atoms being C,
where one or more ring atoms is optionally substituted independently with
one or more substituents described below. A heterocycle may be a monocycle
having 3 to 7 ring members (2 to 6 carbon atoms and 1 to 4 heteroatoms
selected from N, O, P, and S) or a bicycle having 7 to 10 ring members (4
to 9 carbon atoms and 1 to 6 heteroatoms selected from N, O, P, and S), for
example: a bicycle [4,5], [5,5], [5,6], or [6,6] system. Heterocycles are
described in Paquette, Leo A.; "Principles of Modern Heterocyclic
Chemistry" (W. A. Benjamin, New York, 1968), particularly Chapters 1, 3, 4
, 6, 7, and 9; " The Chemistry of Heterocyclic Compounds, A series of
Monographs" (John Wiley & Sons, New York, 1950 to present), in particular
Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566.
"Heterocyclyl" also includes radicals where heterocycle radicals are fused
with a saturated, partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. Examples of heterocyclic rings include, but are not
limited to, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino, thioxanyl,
piperazinyl, homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl,
2- pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl,
dihydrothienyl, dihydrofuranyl, pyrazolidinylimidazolinyl, imidazolidinyl,
3-azabicyco[3.1 .0]hexanyl, 3- azabicyclo[4.1 .0]heptanyl,
azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and Npyridyl ureas. Spiro
moieties are also included within the scope of this definition. Examples of
a heterocyclic group wherein 2 ring carbon atoms are substituted with oxo
(=0) moieties are pyrimidinonyl and 1,1-dioxo-thiomorpholinyl. The
heterocycle groups herein are optionally substituted independently with one
or more substituents described herein. The term "heteroaryl" refers to a
monovalent aromatic radical of 5-, 6-, or 7- membered rings, and includes
fused ring systems (at least one of which is aromatic)of 5-20 atoms,
containing one or more heteroatoms independently selected from nitrogen,
oxygen, and sulphur. Examples of heteroaryl groups are pyridinyl
(including, for example, 2-hydroxypyridinyl), imidazolyl, imidazopyridinyl,
pyrimidinyl (including, for example, 4-hydroxypyrimidinyl), pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxadiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothiazolyl, benzooxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl. Heteroaryl
groups are optionally substituted independently with one or more
substituents described herein. The heterocycle or heteroaryl groups may be
carbon (carbon-linked), or nitrogen (nitrogen-linked) bonded where such is
possible. By way of example and not limitation, carbon bonded heterocycles
or heteroaryls are bonded at position 2, 3, 4, 5, or 6 of a pyridine,
position 3, 4 , 5, or 6 of a pyridazine, position 2, 4 , 5, or 6 of a
pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of
a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or
tetrahydropyrrole, position 2, 4 , or 5 of an oxazole, imidazole or
thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2 , 3, or 4 of an azetidine,
position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4 , 5, 6,
7, or 8 of an isoquinoline. By way of example and not limitation, nitrogen
bonded heterocycles or heteroaryls are bonded at position 1 of an
aziridine, azetidine, pyrrole, pyrrolidine, 2- pyrroline, 3-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,
pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole,
indoline, 1Hindazole, position 2 of a isoindole, or isoindoline, position 4
of a morpholine, and 



position 9 of a carbazole, or b-carboline. The term "monocyclic heteroaryl"
refers to a five- or six-membered, unsubstituted or substituted, monocyclic
heteroaryl radical which contains 1, 2, 3 or 4 ring heteroatoms
independently selected from N, O and S. The monocyclic heteroaryl may be
attached to the C-2 position of the pyrimidine ring according to formula
Ia-Ii at any carbon (carbon-linked), or nitrogen (nitrolgen-linked) atom of
the monocyclic heteroaryl R3 group. Monocyclic heteroaryl radicals include,
but are not limited to: 2-pyridyl, 3-pyridyl, 4-pyridyl, 3-isoxazolyl,
4-isoxazolyl, 5-isoxazolyl, 2-imidazolyl, 4- imidazolyl, 3-pyrazolyl,
4-pyrazolyl, 2-pyrrolyl, 3-pyrrolyl, 2-thiazolyl, 4-thiazolyl, 5-
thiazolyl, 3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 2-pyrimidinyl,
5-pyrimidinyl, 6- pyrimidinyl, 2-pyrazinyl, 2-oxazolyl, 4-oxazolyl,
5-oxazolyl, 2-furanyl, 3-furanyl, 2- thienyl, 3-thienyl, 3-triazolyl,
1-triazolyl, 5-tetrazolyl, 1-tetrazolyl, and 2-tetrazolyl. Monocyclic
heteroaryl are optionally substituted independently with one or more
substituents described herein. The term "treat" and "treatment" refer to
both therapeutic treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen) an undesired
pathological change or disorder, such as the development or spread of
cancer. For purpose of this invention, benefical or desired clinical
results include, but are not limited to, alleviation of symptoms,
diminishment of extent of disease, stabilized (i.e., not worsening) state
of disease, delay or slowing of disease progression, amelioration or
palliation of the disease state, and remission (whether partial or total),
whether detectable or undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not receiving treatment. Those
in need of treatment include those already with the condition or disorder
as well as those prone to have the condition or disorder or those in which
the condition or disorder is to be prevented. The phrase "therapeutically
effective amount" means an amount of a compound of the present invention
that (i) treats or prevents the particular disease, condition, or disorder,
(ii) attenuates, ameliorates, or eliminates one or more symptoms of the
particular disease, condition, or disorder, or (iii) prevents or delays the
onset of one or more symptoms of the particular disease, condition, or
disorder described herein. In the case of cancer, the therapeutically
effective amount of the drug may be reduce the number of cancer cells;
reduce the tumor size; inhibit (i.e., slow to some extent and preferably
stop) cancer cell infiltration into peripheral organs; inhibit (i.e., slow
to some extent and preferably stop) tumor metastasis; inhibit, to some
extent, tumor growth; and/or relieve to some extent one or more of the
symptoms associated with the cancer. To the extent the drug may prevent
growth and/or kill existing cancer cells, it may be cytostatic and/or
cytotoxic. For cancer therapy, efficacy can be measured, for example, by
assessing the time to diseaseprogression (TTP) and/or determining the
response rate (RR). The terms "cancer" and "cancerous" refer to or describe
the physiological condition in mammals that is typically characterized by
unregulated cell growth. A "tumor" comprises one or more cancerous cells.
Examples of cancer include, but are not limited to, carcinoma, lymphoma,
blastoma, sarcoma, and leukaemia or lymphoid malignancies. More particular
examples of such cancers include squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including small- cell lung cancer,
non-small cell lung cancer ("NSCLC"), adenocarcinoma of the lung and
squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular
cancer, gastric or stomach cancer including gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatome, breast cancer, colon cancer, rectal
cancer, colorectal cancer, endometrial or uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer, vulval cancer, thyroid
cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, as well as
head and neck cancer. A "chemotherapeutic agent" is a chemicai compound
useful in the treatment of cancer. Examples of known chemotherapeutic
agents include trastuzumab, pertuzumab, erlotinib (TARCEVA(r), Genetech/OSI
Pharm.), bortezomib (VELCADE(r), Millennium Pharm.), fulvestrant
(FASLODEX(r), AstraZeneca), sunitib (SUTENT(r), Pfizer/Sugen), letrozole
(FEMARA(r), Novartis), imatinib mesylate (GLEEVEC(r), Novartis), finasunate
(VATALANIB(r), Novartis), oxaliplatin (ELOXATIN(r), Sanofi), 5-FU
(5-fluorouracil), leucovorin, Rapamycin (Sirolimus, RAPAMUNE(r), Wyeth),
Lapatinib (TYKERB(r), GSK572016, Glaxo Smith Kline), Lonafarnib (SCH
66336), sorafenib (NEXAVAR, Bayer Labs), and gefitinib (IRESSA(r),
AstraZeneca), AG1478, alkylating agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquo pe, meturedopa, and
uredopa; ethylenimines and methylamelamines including altretamine,
triethylenemelamine, 



triethylenephosphoramide, triethylenethiophosphoramide and
trimethylomelamine; acetogenins; a camptothecin (including the synthetic
analog topotecan); bryostatin; callystatin; CC-1065 (including its
adozelesin, carzelesin and bizelesin synthetic analogs); cryptophycins;
dolastatin; duocarmycin (including the synthetic analogs,KW-2189 and
CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin;
nitrogen mustards such as chlorambucil, chlornaphazine, chlorophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine;
antibiotics such as the enediyne antibiotics (e.g., calicheamicin,
especially calicheamicin gammail and calicheamicin omegaM ; dynemicin,
including dynemicin A; biphosphonates, such as clodronate; an esperamicin;
as well as neocarzinostatin chromophore and related chromoprotein enediyne
antibiotic chromophores), aclacinomysins, actinomycin, authramycin,
azaserine, bleomycins, cactinomycin, carabicin, carminomycin,
carzinophillin, chromomycinis, dactinomycin, daunorubicin, detorubicin,
6-diazol-5-oxo-L-norleucine, ADRIAMYCIN(r) (doxorubicin),
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolinodoxorubicin
and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,
mitomycins such as mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, porfiromycin, puromycin, quelamycin, rodorubicin,
streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid
analogs such as denopterin, methotrexate, pteropterin, trimetrexate; purine
analogs such as fludarabine, 6- mercaptopurine, thiamiprine, thioguanine;
pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine;
androgens such as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid replenisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil;
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine;
diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid;
gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as
maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin; losoxantrone; podophyllinic
acid; 2-ethylhydrazide; procarbazine; PSK(r) polysaccharide complex;
razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid;
triaziquone; trichothecenes; urethane; vindesine; dacarbazine;
mannomustine; mitobronitol;mitolactol; pipobroman; gacytosine; arabinoside;
taxoids, e.g., TAXOL(r) (paclitaxel; Bristol-Myers Squibb), ABRAXANE(tm)
(Cremophor-free), albumin-engineered nanoparticle formulations of
paclitaxel, and TAXOTERE(r) (docetaxel, doxetaxel; Sanofi-Aventis);
chloranmbucil; GEMZAR(r) (gemcitabine); 6-thioguanine; mercaptopurine;
methotrexate; platinum analogs such as cisplatin and carboplatin;
vinblastine; etoposide; ifosfamide; mitoxantrone; vincristine; NAVELBINE(r)
(vinorelbine); novantrone; teniposide; edatrexate; daunomycin; aminopterin;
capecitabine (XELODA(r)); ibandronate; CP-1 1; topoisomerase inhibitor RFS
2000; difluoromethylornithine (DMFO); retinoids such as retinoic acid; and
pharmaceutically acceptable salts; acids and derivatives of any of the
above. Also included in the definition of "chemotherapeutic agent" are: (i)
antihormonal agents that act to regulate or inhibit hormone action on
tumors such as anti-estrogens and selective receptor modulators (SERMs),
including, for example, tamoxifen (including NOLVADEX(r); tamoxifen
citrate), raloxifene, droloxifene, and FARESTON(r) (toremifme citrate);
(ii) aromatase inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands, such as, for example,
4(5)-imidazoles, MEGASE(r) (megestrol acetate); AROMASIN(r) (exemestane;
Pfizer), formestanie, fadrazole, RIVISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis), and ARIMIDEX(r) (anastrozole; AstraZeneca); (iii)
antiandrogens such as flutamide, nilutamide; (iv) protein kinase
inhibitors; (v) lipid kinase inhibitors; (vi) antisense oligonucleotides,
particularly those which inhibit expression of genes in signaling pathways
implicated in aberrant cell proliferation, such as, for example, PKC-alpha,
Rafl and H-Ras; (vii) ribozymes such as VEGF expression inhibitors (e.g.,
ANGIOZYME(r)) and HER2 expression inhibitors; (viii) vaccines such as gene
therapy vaccines, for example, ALLOVECTIN(r), LEUVECTIN(r), and VAXID(r);
PROLEUKIN(r) rlL-2; a topoisomerase 1 inhibitor such as LURTOTECANE(r);
ABARELIX(r) rmRH; (ix) anti-angiogenic agents such as bevacizumab
(AVASTIN(r), Genentech); and (x) pharmaceutically acceptable salts, acids
and derivatives of any of the above. The term "prodrug" as used in this
application refers to a precursor or derivative form of a compound of the
invention that may be less cytotoxic to cellscompared to the parent
compound or drug and is capable of being enzymatically or 



hydrolytically activated or converted into the more active parent form. The
prodrugs of this invention include, but are not limited to,
phosphate-containing prodrugs, thiophosphate-containing prodrugs,
sulfate-containing prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs, b-lactamcontaining prodrugs,
optionally substituted phenoxyacetamide-containing prodrugs, optionally
substituted phenylacetamide-containing prodrugs, 5-fluorocytosine and other
5-fluorouridi pe prodrugs which can be converted into the more active
cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized
into a prodrug form for use in this invention include, but are not limited
to, compounds of the invention and chemotherapeutic agents such as
described above. A "metabolite" is a prodruct produced through metabolism
in the body of a specified compound or salt thereof. Metabolites of a
compound may be identified using routine techniques known in the art and
their activities determined using tests such as those described herein.
Such products may result for example from the oxidation, reduction,
hydrolysis, amidation, deamidation, esterification, deesterification,
enzymatic cleveage, and the like, of the administered compound.
Accordingly, the invention includes metabolites of compounds of the
invention, including compounds produced by a process comprising contacting
a compound of this invention with a mammal for a period of time sufficient
to yield a metabolic product thereof. A "liposome" is a small vesicle
composed of various types of lipids, phospholipids and/or surfactant, which
is useful for delivery of a drug (such as the PI3K and mTOR kinase
inhibitors disclosed herein and, optionally, a chemotherapeutic agent) to a
mammal. The components of the liposome are commonly arranged in a bilayer
formation, similar to the lipid arrangement of biological membranes. The
term "package insert" is used to refer to instructions customarily included
in commercial packages of therapeutic products, that contain information
about the indications, usage, dosage, administration, contraindications
and/or warnings concerning the use of such therapeutic products. The term
"chiral" refers to molecules, which have the property of
nonsuperimposability of the mirror image partner, while the term "achiral"
refers to molecules, which are superimposable on their mirror image
partner. The term "stereoisomers" refers to compounds, which have identical
chemical constitution, but differ with regard to the arrangement of the
atoms or groups in space. "Diastereomer" refers to a stereoisomer with two
or more centers of chirality and whose molecules are not mirror images of
one another. Diastereomers have different physical properties, e.g. melting
points, boiling points, spectral properties, and reactivities. Mixtures of
diasteremers may separate under high resolution analytical procedures such
as electrophoresis and chromatography. "Enantiomers" refer to two
stereoisomers of a compound which are nonsuperimposable mirror images of
one another. Stereochemical definitions and conventions used herein
generally follow S. P. Parker, Ed., McRaw-Hill Dictionary of Chemical Terms
(1984) McGraw-Hill Book Company, New York; and Eliel, E. and Wilen, S.,
"Stereochemistry of Organic Compounds", John Wiley & Sons, Inc., New York,
1994. The compounds of the invention may contain asymmetric or chiral
centers, and therefore exist in different stereoisomeric forms. It is
intended that all stereoisomeric forms of the compounds of the invention,
including but not limited to, diastereomers, enantiomers and atropisomers,
as well as mixtures thereof such as racemic mixtures, form part of the
present invention. Many organic compounds exist in optically active forms,
i.e., they have the ability to rotate the plane of plane-polarized light.
In describing an optically active compound, the prefixes D and L, or R and
S, are used to denote the absolute configuration of the molecule about its
chiral center(s). The prefixes d and I or (+) and (-) are employed to
designate the sign of rotation of plane-polarized light by the compound,
with (-) or 1 meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given chemical structure,
these stereoisomers are identical except that they are mirror images of one
another. A specific stereoisomer may also be referred to as an enantiomer,
and a mixture of such isomers is often called an enantiomeric mixture. A
50:50 mixture of enantiomers is referred to as a racemic mixture or a
racemate. The term "tautomer" or "tautomeric form" refers to structural
isomers ofdifferent energies, which are interconvertible via a low energy
barrier. For example, proton tautomers include interconversions via
migration of a proton, such as ketoenol and imin-enamine isomerizations.
The phrase "pharmaceutically acceptable salt" as used herein, refers to 



pharmaceutically acceptable organic or inorganic salts of a compound of the
invention. Exemplary salts include, but are not limited to, sulfate,
citrate, acetate, oxalate, chloride, bromide, iodide, nitrate, bisulfate,
phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid
citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate, glucuronate,
saccharate, formate, benzoate, glutamate, methanesulfonate "mesylate",
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and pamoate salts. A
pharmaceutically acceptable salt may involve the inclusion of another
molecule such as an acetate ion, a succinate ion or other counter ion. The
counter ion may be any organic or inorganic moiety that stabilizes the
charge on the parent compound. Furthermore, a pharmaceutically acceptable
salt may have more than one charged atom in its structure instances where
multiple charged atoms are part of the pharmaceutically acceptable salt can
have multiple counter ions. Hence, a pharmaceutically acceptable salt can
have one or more charged atoms and/or one or more counter ion. If the
compound of the invention is a base, the desired pharmaceutically
acceptable salt may be prepared by any suitable method available in the
art, for example, treatment of the free base with an inorganic acid, such
as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
methanesulfonic acid, phosphoric acid and the like, or with an organic
acid, such as acetic acid, trifluoroacetic acid, maleic acid, succinic
acid, mandelic acid, fumaric acid, malonic acid, pyruvic acid, oxalic acid,
glycolic acid, salicylic acid, a pyranosidyl acid, such as glucuronic acid
or galacturonic acid, an alpha hydroxyl acid, such as citric acid or
tartaric acid, an amino acid, such as aspartic acid or glutamic acid, an
aromatic acid, such as benzoic acid or cinnamic acid, a sulfonic acid, such
as p-toluenesulfonic acid or ethanesulfonic acid, or the like. If the
compound of the invention is an acid, the desired pharmaceutically
acceptable salt may be prepared by any suitable method, for example,
treatment ofthe free acid with an inorganic or organic base, such as an
amine, an alkali metal hydroxide or alkaline earth metal hydroxide, or the
like. Illustrative examples of suitable salts include, but are not limited
to, organic salts derived from amino acids, such as glycine and arginine,
ammonia, primary, secondary, and tertiary amines, and cyclic amines, such
as piperidine, morpholine and piperazine, and inorganic salts derived from
sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc,
aluminium and lithium. The phrase "pharmaceutically acceptable" indicates
that the substance or composition must be compatible chemically and/or
toxicologically, with the other ingredients comprising a formulation,
and/or the mammal being treated therewith. A "solvate" refers to an
association or complex of one or more solvent molecules and a compound of
the invention. Examples of solvents that form solvates include, but are not
limited to, water, isopropanol, ethanol, methanol, DMSO, ethyl acetate,
acetic acid, and ethanolamine. The term "hydrate" refers to the complex
where the solvent molecule is water. The term "protecting group" refers to
a substituent that is commonly employed to block or protect a particular
functionality while reacting other functional groups on the compound. For
example, an "amino-protecting group" is a substituent attached to an amino
group that blocks or protects the amino functionality in the compound.
Suitable amino-protecting groups include acetyl, trifluoroacetyl,
t-butoxycarbonyl (BOC), benzyloxycarbonyl and
9-fluorenylmethylenoxycarbonyi (Fmoc). For a general description of
protecting groups and their use, see T. W. Greene, Protective Groups I
Organic Synthesis, John Wiley & Sons, New York, 1991 . The terms "compound
of this invention" and "compounds of the present invention" and "compounds
of formula (I) or one of formulas (Ia) to ()i)" include compounds of
formula (I) or one of formulas (Ia) to (Ii) and stereoisomers, geometric
isomers, tautomers, solvates, metabolites, N-oxide derivatives and
pharmaceutically acceptable salts and prodrugs thereof. The term "mammal"
includes, but is not limited to, humans, mice, rats, guinea, pigs, monkeys,
dogs, cats, horses, cows, pigs, and sheep.TRIAZJNE, PYRIMIDINE AND PYRIDINE
ANALOGS AND THEIR USE AS THERAPEUTIC AGENTS AND DIAGNOSTIC PROBES The
present invention provides triazine, pyrimidine and pyridine compounds, and
pharmaceutical formulations thereof, which are useful as therapeutic agents
and novel diagnostic probes. Moreover, these compounds are potentially
useful in the treatment of diseases, conditions and/or disorders modulated
by protein kinases and lipid kinases. More specifically, the present
invention provides compounds of formula I, (I) 



and stereoisomers, geometric isomers, tautomers, solvates, metabolites,
Noxide derivatives and pharmaceutically acceptable salts thereof, wherein:
Q = N, G = N, U = N (triazine-based compounds of formulas (Ia) to (Id)); Q
= C, G = C, U = N (pyridine-based compounds of formula (Ie)); Q = C, U = C,
G = N (pyridine-based compounds of formula (Ie); U = C, G = C, Q = N
(pyridine-based compounds of formula (Ie)); Q = CRZ, G = N, U = N
(fused-pyrimidine-based compounds of formulas (If) to (Ii)); or Q = CRZ, G
= C, U = N (fused pyridine-based compounds of formulas (If) to (Ii));
wherein Rz is selected from the group consisting of: (1) hydrogen, (2)
cyano, (3) halogen, (4) methyl, (5) trifluoromethyl, (6) sulfonamido, (7)
sulfon, (8) linker moiety (hydrophobic linkers, hydrophilic linkers
(pegylated linkers), photo-cleveable linkers, redox reaction-cleveable
linkers), (9) linker moiety with covalently bonded TAG-molecules (a TAG
could be a fluorophor, biotin, differentpolymer beads and different
reactive groups), (10) F, Cl, Br, I , -C(Ci-C 6-SIkVl)2NR1ORn, -(CR 14Ri
5),NR10Rii, -C(R 14R15)nNR12C(=Y)R 10 , -(CRi 4Ri5)nNRi 2S(O)2Ri 0,
-CH(ORio)Rio, -(CR 14R15)nOR10, -(CR 14R1S) nS(O) R10 , -(CRi 4R1 )
nS(O)2NR10RiI, -C(=Y)R 10 , -C(=Y)OR 10, -C(=Y)NR 12OR10, -C(=O)NR 12S(O)
2R10> -NO2 -NHR 12 , -NRi 2C(=Y)Rn, -NR 12S(O)2Ri 0, -NR 12SO2NR10Rii,
-S(O) 2Ri 0, -S(O) 2NR10 RiI, -SC(=Y)R 10 , -SC(=Y)OR 10, C1-C12 alkyl,
C2-C8 alkenyl, C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl,
C6-C20 aryl, and C1-C20 heteroaryl; or C -Ci 2 carbocyclyl, C -C20
heterocyclyl, C6-C20 aryl, or CrC 20 heteroaryl; where said alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl and heteroaryl are optionally
substituted with one or more groups independently selected from F, Cl, Br,
I , -CN, CF3, -NO2, oxo, -C(=Y)R 10, -C(=Y)OR 10 , -C(=Y)NRi 0Rn, -(CRi
4R1S) nNRi 0R1I , -(CR 14R15)nC(=Y)NR 10R1 1 , -(CR 14R15)nC(=Y)OR 10 ,
(CR14R1S) nNR12SO2Ri 0, -(CR 14R15)nORi 0, -(CRi 4Ri 5)nRio, -(CR 14R15)nS0
2Rio, -NR10Ri 1, -NR 12C(=Y)R 10 , -NR12Ct=Y)OR 1 1, -NR 12C(=Y)NR 10R11 ,
-NR12SO2R10, =NR12 , 0 R -OS(O) 2(OR10) , -OP^Y)(OR 10)(OR 11) , -OP(OR
1OKOR1 ), SR10, -S(O)Ri 0, -S(O) 2Ri 0, -S(O)2NRi 0Rn, -S(O)(OR 10) , -S(O)
2(ORi 0), -SC(=Y)Rio, -SC(=Y)ORi 0, -SC(=Y)NRi 0Rn, optionally substituted
Ci-Ci 2 alkyl, optionally substituted C2-Ca alkenyl, optionally substituted
C2-Ce alkynyl, optionally substituted C3-Ci 2 carbocyclyl, optionally
substituted C2-C20 heterocyclyl, optionally substituted C6-C20 aryl, and
optionally substituted CrC 20 heteroaryl; X is CRx or O, S, NRy, wherein Rx
and Ry are independently selected from the group consisting of: (1)
hydrogen, (2) cyano, (3) halogen, (4) methyl, (5) trifluoromethyi, (6)
sulfonamido, (7) sulfon, (8) linker moiety (hydrophobic, hydrophilic,
photo-cleveable, redox reaction-cleveable linkers), (9) linker moiety with
covalently bonded TAG-molecules (a TAG could be a fluorophor, biotin,
different polymer beads and different reactive groups); the linker moiety
being selected from the group consisting of:optionally substituted C1-C2O
alkyl, optionally substituted halo-substituted C1-C20 alkyl, optionally
substituted C1-C20 alkoxy, optionally substituted halo-substituted C -C O
alkoxy, optionally substituted C1-C20 pegylated alkyl; the tag molecule
being selected from the group consisting of: dye molecules, fluorophore
dyes (for example bodipy, or rhodamine derivatives), biotine, a polymer
resin or a reactive group (for example acrylamid, iodoacetamid,
fluoroacetamid, chloroacetamid, bromoacetamid, photo-reactive chemical
groups, oxirane carboxamide, redox-reaction reactive chemical groups); R3x,
R3y, R3Z and R3P are independently selected from the group consisting of:
hydrogen, F, Cl, Br, I, -C(CrC 6 yI)2NR10R11 , -(CR 14Ri 5)tNRi 0Rii, -
C(Ri 4Ri5)nNRi2C(=Y)R 10 , -(CRi 4RiS)nNR12S(O) 2RiO, -CH(OR 10)Ri 0, -(CR
14R15)nORi 0, -(CR 14R15)nS(O) 2Ri 0, -(CR 14R1 ) nS(O) 2NR10R1 1 ,
-C(=Y)Ri 0, -C(=Y)OR 10 , - Cf=Y)NR 10R1 1 , -C(=Y)NR 12OR10 , -C(=O)NR
12S(O) 2R10 , - NR12C(=Y)NR 10R11 , -NRi 2S(O) 2R10, -NR 12SO2NR10Rn, -S(O)
2R10 , -S(O) 2NR10Rn, - SC(=Y)Rio, -SC(=Y)ORio, C1-C12 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl, Ce-C20
aryl, and C1-C20 heteroaryl; or where the C3- C12 carbocyclyl, C2-C
heterocyclyl, Ce-C20 aryl, or C1-C2 heteroaryl is substituted at vicinal
carbon atoms of the morpholine and forms a fused bicyclic morpholinyl;
where said alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more groups independently
selected from F, Cl, Br1 I, -CN 1 CF3, -NO 2, oxo, -C(=Y)R 10 , -C(=Y)OR 10
, -Cf=Y)NR 10R11 , 



(CR14R1S) nNR12SO2R10 , -(CR 14R-Is)nOR10, -(CR 14R1S) nR10 , -(CR 14R1S)
nSO2Ri 0 -NR 10R1 1 , -NR 12C(=Y)R 10 , -NR 12C^Y)OR 11 , -NR 12C^Y)NR
10R11 , -NR 12SO2R10 , =NR12l OR10 , -OC(=Y)R 10 , -OC(=Y)OR 10 -OC(=Y)NR
10R11 , -OS(O) 2(OR 10) , -OP(=Y)(OR 10)(OR 1i), -OP(ORio)(ORn), SR10,
-S(O)R 10 , -S(O) 2R10, -S(O) 2NR10Rn, -S(O)(ORi 0) , -S(O) 2(ORi 0) ,
-SC(=Y)Rio, -SC(=Y)ORi 0 -SC^Y)NR 10R11 , optionally substituted C1-Ci 2
alkyl, optionally substituted C2-C8 alkenyl, optionally substituted C2-C8
alkynyl, optionally substituted C3-C12 carbocyclyl, optionally substituted
C2-C20heterocyclyl, optionally substituted C6-C2o aryl, and optionally
substituted C1-C20 heteroaryl; Ri is selected from the group consisting of:
(1) H, F, Cl, Br, I , (2) cyano, (3) nitro, (4) halogen, (5) substituted
and unsubstituted alkyl, (6) substituted and unsubstituted alkenyl, (7)
substituted and unsubstituted alkynyl, (8) substituted and unsubstituted
aryl, (9) substituted and unsubstituted heteroaryl, (10) substituted and
unsubstituted heterocyclyl, ( 1 1) substituted and unsubstituted
cycloalkyl, (12) -C(CrC 6 alkyl) 2NRi 0Rii, -(CRi 4Ri5)tNRioRn, -C(R
14Ri5)nNRi2C(=Y)R 10, -(CRi 4RiS)nNR12S(O) 2RiO, -CH(ORio)Rio, -(CR 14Ri
5)nOR10 , -(CR 1 R1S) nS(O) 2R10 , -(CR 14R15)OS(O)2NR1ORiI, -C(=Y)R 10 ,
-C(=Y)NRioRii, -C(=Y)NR 12OR10 , -C(=O)NR 12S(O) 2Ri 0, -NR 12C(=Y)NR 10R1i
, -NR 12S(O) 2Ri 0, -NR 12SO2NRi 0Rn, -S(O) 2Ri 0, -S(O) 2NR10Rn,
-SC(=Y)Rio, -SC(=Y)OR 10 , C1-Ci 2 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C3-C12 carbocycjy), C -C2 heterocycly), C -Czo ary) or C -Czo heteroary);
R2 is selected from the group consisting of: (1) hydrogen, (2) cyano, (3)
nitro, (4) halogen, (5) substituted and unsubstituted alkyl, (6)
substituted and unsubstituted alkenyl, (7) substituted and unsubstituted
alkynyl, (8) substituted and unsubstituted aryl, (9) substituted and
unsubstituted heteroaryl, (10) substituted and unsubstituted heterocyclyl,
( 1 1) substituted and unsubstituted cycloalkyl, (12) -COR 2 , (13) -CO 2R2
, (14) -CONR 2aR2b , (15) -NR 2aR2b, (16) -NR2aC0R 2b, (17) -NR 2aSO2R2b,
(18) -OCOR 23, (19) -OR 23, (20) -SR 23, (21) -SOR 2 , (22) -SO 2R23, and
(23) -SO 2NR2aR2b, (24) linker moiety (hydrophobic linkers, hydrophilic
linkers, photo-cleveable linkers, redox reaction-cleveable linkers), (25)
linker moiety with covalently bonded TAG-molecules (a TAG could be a
fluorophor, biotin, different polymer beads and different reactive groups);
wherein R2a and R2b are independently selected from the group consisting of
(a) hydrogen, (b) substituted or unsubstituted alkyl, (c) substituted or
unsubstituted aryl, (d) substituted or unsubstituted heteroaryl, (e)
substituted or unsubstituted heterocyclyl, and (f) substituted or
unsubstituted cycloalkyl,wherein R10, Rn and R12 are independently H,
C1-C12 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C3-Ci 2 carbocyclyl, C2-C20
heterocyclyl, C6-C20 aryl, or Ci-C 20 heteroaryl, or Rio, Rn together with
the nitrogen to which they are attached optionally form a C3-C20
heterocyclic ring optionally containing one or more additional ring atoms
selected from N, O or S, wherein said heterocyclic ring is optionally
substituted with one or more groups independently selected from oxo, CF3,
F, Cl, Br, I , Ci-Ci 2 alkyl, C2-C8 alkenyl, C2-C alkynyl, C3-Ci 2
carbocyclyl, C2-C20 heterocyclyl, C6-C2o aryl and CrC 20 heteroaryl;
wherein R and Ri 5 are independently selected from H, Ci-Ci 2 alkyl, or
-(CH 2)n-aryl, or R and Ri 5 together with the atoms to which they are
attached form a saturated or partially unsaturated C3-Ci 2 carbocyclic ring
wherein Y is O, S, or NR12 ; m is O, 1, 2, 3 , 4 , 5 or 6 ; n is 1, 2 , 3,
4 , 5 , or 6 ; and t is 2, 3 , 4 , 5 or 6 . Preferably, X is O (the ring
containing X being morpholine) and/or R3x, R3y, R3z, R3p are independently
selected from the structures:TITLE: Liquefaction Method and System
BACKGROUND Liquefaction methods and systems where refrigeration is
generated by expanding gaseous refrigerant in a reverse-Brayton cycle are
known. These methods and systems typically employ two expanders where the
gaseous refrigerant is expanded to substantially the same pressure within
tolerance of the pressure drop through equipment. Some systems also include
more than two expanders with the cold expander discharge pressure being
higher than the discharge pressures of the remaining expanders. These
methods and systems have potentially simple compression systems because
there are no streams introduced between compression stages, and simple heat



exchangers because there are less passages and headers. Further some
methods and systems use an open-loop system that utilizes the liquefied
fluid as a refrigerant. The previous methods and systems for liquefaction,
however, are problematic for several reasons. For example, using simple
compression systems and simple heat exchangers fails to result in improved
efficiencies. Moreover, the cost savings in using an open-loop system does
not outweigh the flexibility of using a closed-loop system. There is a need
for a method and system for liquefaction where the steps of precooling,
liquefaction, and subcooling are more safe, efficient, and reliable. BRIEF
SUMMARY Embodiments of the present invention satisfy this need in the art
by providing a safe, efficient, and reliable system and process for
liquefaction, and specifically for natural gas liquefaction. According to
one exemplary embodiment, a method for liquefaction is disclosed using a
closed loop refrigeration system, the method comprising the steps of (a)
compressing a gaseous refrigerant stream in at least one compressor; (b)
cooling the compressed gaseous refrigerant stream in a first heat
exchanger; (c) expanding at least a first portion of the cooled, compressed
gaseous refrigerant stream from the first heat exchanger in a first
expander to provide a first expanded gaseous refrigerant stream; and (d)
cooling and substantially liquefying a feed gas stream to form a
substantially liquefied feed gas stream in a second heat exchanger through
indirect heat exchange against at least a first portion of the first
expanded gaseous refrigerant stream from thefirst expander, wherein the
first expanded gaseous refrigerant stream exiting the first expander is
substantially vapor. According to another exemplary embodiment, a method of
liquefaction is disclosed using a closed loop refrigeration system, the
method comprising the steps of: (a) compressing a gaseous refrigerant
stream in a low pressure compressor; (b) further compressing the compressed
gaseous refrigerant stream in a high pressure compressor; (c) cooling the
compressed gaseous refrigerant stream in a first heat exchanger; (d)
expanding at least a first portion of the cooled, compressed gaseous
refrigerant stream from the first heat exchanger in a first expander to
provide a first expanded gaseous refrigerant stream, wherein the first
expanded gaseous refrigerant stream from the first expander provides
cooling to a second heat exchanger and the first heat exchanger; (e)
cooling and substantially liquefying a feed gas stream through indirect
heat exchange against the first expanded gaseous refrigerant stream from
the first expander in the second heat exchanger and the first heat
exchanger; and (f) subcooling the cooled and substantially liquefied feed
gas stream through indirect heat exchange against a second expanded gaseous
refrigerant stream exiting a second expander in a subcooler exchanger,
wherein the first expanded gaseous refrigerant stream exiting the first
expander and the second expanded gaseous refrigerant stream exiting the
second expander are substantially vapor, and wherein the pressure of the
second expanded gaseous refrigerant stream is lower than the pressure of
the first expanded gaseous refrigerant stream. According to yet another
exemplary embodiment, a closed loop system for liquefaction is disclosed,
comprising: a refrigeration circuit, the refrigeration circuit comprising:
a first heat exchanger; a second heat exchanger fluidly coupled to the
first heat exchanger; a first expander fluidly coupled to the first heat
exchanger and adapted to accept a stream of refrigerant from the first heat
exchanger; a second expander fluidly coupled to the second heat exchanger
and adapted to accept a stream of refrigerant from the second heat
exchanger; and a third heat exchanger fluidly coupled to the first expander
and adapted to accept a first expanded gaseous refrigerant stream from the
first expander and a feed gas stream, wherein the first expanded gaseous
refrigerant stream from the first expander and the second expanded gaseous
refrigerant stream from the second expander are substantially a vapor
stream.The term "substantially" used herein in the context of a liquid or
vapor phase means that the relevant stream has a liquid or vapor content
respectively of at least 80 mol %, preferably at least 90 mol %, especially
at least 95 mol % and can be entirely liquid or vapor. For example, the
statement that "the first expanded gaseous refrigerant stream exiting the
first expander is substantially vapor" means that the stream is at least 80
mol % vapor and could be 100 mol % vapor. According to another exemplary
embodiment, a method of liquefaction of a gaseous feed is disclosed using a
closed-loop vapor expansion cycle having at least two expanders, wherein
the discharge pressure of a second expander is lower than the discharge
pressure of a first expander, and wherein the first expander provides at
least a portion of the refrigeration required to liquefy the gaseous feed.
BRIEF DESCRIPTION OF THE DRAWINGS The foregoing brief summary, as well as
the following detailed description of exemplary embodiments, is better
understood when read in conjunction with the 



appended drawings. For the purpose of illustrating embodiments of the
invention, there is shown in the drawings exemplary constructions of the
invention; however, the invention is not limited to the specific methods
and instrumentalities disclosed. In the drawings: Figure 1 is a flow chart
illustrating an exemplary gas liquefaction system and method involving
aspects of the present invention; Figure 2 is a flow chart illustrating an
exemplary gas liquefaction system and method involving aspects of the
present invention; Figure 3 is a flow chart illustrating an exemplary gas
liquefaction system and method involving aspects of the present invention;
Figure 4 is a flow chart illustrating an exemplary gas liquefaction system
and method involving aspects of the present invention; Figure 5 is a flow
chart illustrating an exemplary gas liquefaction system and method
involving aspects of the present invention; Figure 6 is a flow chart
illustrating an exemplary precooling refrigeration system and method
involving aspects of the present invention; Figure 7a is graphical
illustration of the cooling curves in accordance with an embodiment of the
present invention;Figure 7b is graphical illustration of the cooling curves
in accordance with an embodiment of the present invention; Figure 7c is
graphical illustration of the cooling curves in accordance with an
embodiment of the present invention; Figure 8 is a flow chart illustrating
an exemplary gas liquefaction system and method involving aspects of the
present invention; Figure 9 is a flow chart illustrating an exemplary gas
liquefaction system and method involving aspects of the present invention;
Figure 10 is a flow chart illustrating an exemplary gas liquefaction system
and method involving aspects of the present invention; and Figure 11 is a
flow chart illustrating an exemplary gas liquefaction system and method
involving aspects of the present invention. DETAILED DESCRIPTION In one
exemplary embodiment, the liquefaction process may use two expanders and
the gaseous refrigerant streams exiting the two expanders may be
substantially vapor at the discharge of each expander. The term "expander"
may hereby be used to describe a device such as a centrifugal turbine or a
reciprocating expander that expands gas while producing external work. The
process may be substantially isentropic and is often called work expansion
or reversible adiabatic expansion and different from isenthalpic
(Joule-Thompson) throttling through a valve. The cold expander's discharge
pressure may be lower than the warm(est) expander's discharge pressure to
achieve colder temperatures. The gaseous refrigerant from the discharge of
the cold expander may be used to subcool the liquefied product. The
refrigerant from the discharge of the warm(est) expander may be used for
liquefaction. Use of two different pressures may better match the cooling
curve of natural gas liquefaction (i.e., precooling, liquefaction, and
subcooling), for example. The gaseous refrigerant stream from the discharge
of the warm(est) expander may be introduced between the stages of the
gaseous refrigerant compressor. The feed gas stream and/or gaseous
refrigerant may be precooled by another refrigerant such as propane, for
example, in a closed-loop compression cycle. The feed gas stream and/or
gaseous refrigerant may also be precooled by a gaseous refrigerant from a
third expander, for example.In another exemplary embodiment, the gaseous
refrigerant stream from the discharge of the warm(est) expander may be
compressed to the final discharge pressure in a separate compressor with a
suction pressure higher than that of the compressor used to compress the
gas originating from the discharge of the cold expander. The feed gas
stream and/or refrigerant may be precooled, for example, by the vaporizing
liquid refrigerant such as CO2, methane, propane, butane, iso-butane,
propylene, ethane, ethylene, R22, HFC refrigerants, including, but not
limited to, R410A, R134A, R507, R23, or combinations thereof, for example.
Environmentally friendly fluorinated hydrocarbons and their mixtures may be
preferred for off-shore or floating applications. For example, CO2 may be
used as refrigerant. CO2 precooling minimizes the physical footprint,
especially for offshore Floating Production Storage and Offloading (FPSO)
applications. The liquid refrigerant may be vaporized at different
pressures in a series of heat exchangers, compressed in a multistage
compressor, condensed, and throttled to appropriate pressures to be
revaporized. With a proper seal system, the compressor's suction pressure
may be kept at vacuum to allow for cooling to lower temperatures.
Alternatively, the feed gas stream and/or gaseous refrigerant may be
precooled by 



expanding the same gaseous refrigerant in a third expander. In another
exemplary embodiment, the feed gas stream may be cooled by indirect heat
exchange with the gaseous refrigerant in the first set of heat exchangers
comprising at least one exchanger in which the gas is not cooled. The
gaseous refrigerant may be cooled in the second set of heat exchangers
comprising at least one exchanger. The first set of heat exchangers may
comprise wound-coil heat exchangers, for example. The second set of heat
exchangers may comprise plate-and-fin brazed aluminum (core) type heat
exchangers, for example. In yet another exemplary embodiment, the feed gas
stream may be cooled in a heat exchanger from which a portion of the
gaseous refrigerant may be withdrawn at an intermediate point, preferable
between the precooling and liquefaction sections. Gaseous refrigerant may
be precooled by vaporizing liquid refrigerant in a heat exchanger belonging
to the second set of heat exchangers. Such refrigerant may be a fluorinated
hydrocarbon or CO2, for example. In another exemplary embodiment, the feed
gas stream may be precooled against vaporizing liquid refrigerant in a
serious of kettles or shell-and-tube heat exchanges. A portion of gaseous
refrigerant may also be cooled in multi-stream heat exchanger belonging to
the second set of heat exchangers. Another portion of gaseousrefrigerant
may be cooled to about the same temperature against vaporizing liquid
refrigerant in a serious of kettles or shell-and-tube heat exchanges which
may be separate or combined with the heat exchangers used for precooling
the feed gas stream. Now referring to the specific figures, various
embodiments may be employed. In one exemplary embodiment, and as
illustrated in Figure 1, a feed gas stream 100, for example, may be cooled
and liquefied against a warming gaseous refrigerant stream 154 of nitrogen,
for example, in a heat exchanger 110. The feed gas stream 100 may be
natural gas, for example. While the liquefaction system and method
disclosed herein may be used for liquefaction of gases other than natural
gas and thus, the feed gas stream 100 may be a gas other than natural gas,
the remaining exemplary embodiments will refer to the feed gas stream 100
as a natural gas stream for illustrative purposes. A portion (stream 156)
of the partially warmed stream 154 may be withdrawn from the heat exchanger
110 to balance the precooling (warm) section of the heat exchanger 110 that
requires less refrigeration. Gaseous refrigerant stream 158 may leave the
warm end of heat exchanger 110, for example, to be recycled. Substantially
liquefied natural gas (LNG) stream 102, for example, exiting the cold end
of the heat exchanger 110 may be subcooled in subcooler exchanger 112
against warming gaseous refrigerant stream 172 and, after exiting the cold
end of subcooler exchanger 112, recovered as liquefied natural gas product
104, for example. Gaseous refrigerant stream 174 may leave the warm end of
subcooler exchanger 112. Gaseous low-pressure refrigerant stream 140 may be
compressed in the lowpressure refrigerant compressor 130. The resulting
stream 142 may be combined with streams 158 and 166 and may enter the
high-pressure refrigerant compressor 132 as stream 144. The low pressure
refrigerant compressor 130 and the high-pressure refrigerant compressor 132
may include aftercoolers and intercoolers that cool against an ambient heat
sink. The heat sink may be, for example, cooling water from a water tower,
sea water, fresh water, or air. Intercoolers and aftercoolers are not shown
for simplicity. High-pressure refrigerant stream 146 from the discharge of
high-pressure refrigerant compressor 132 may be cooled in heat exchanger
114. The resulting stream 148 may be split into streams 150 and 168. Stream
150 may be expanded in expander 136 to produce stream 152. Expander 136 may
be a vapor expander, for example. A vapor expander is any expander where
the discharge is substantially vapor (i.e., where the discharge stream isat
least 80% vapor). Stream 152 may be distributed between heat exchanger 110
(above-mentioned stream 154) and heat exchanger 116 as stream 160. Stream
160 may be warmed in heat exchanger 116. Resulting stream 162 may be
combined with stream 156 from heat exchanger 110. Resulting stream 164 may
be further warmed in heat exchanger 114 to produce stream 166. Stream 168
may be cooled in heat exchanger 116. The resulting stream 170 may be
expanded in expander 138 to produce the above-mentioned stream 172 which
may then be warmed in subcooler exchanger 112. Expander 138 may be a vapor
expander, for example. The resulting stream 174 may be further warmed in
heat exchanger 116 to produce stream 176. Stream 176 may be further warmed
in heat exchanger 114 to produce stream 140. Heat exchanger 114 may be
cooled with refrigeration system 120 that comprises at least one stage of
vaporizing liquid refrigerant such as, CO2, methane, propane, butane,
iso-butane, propylene, ethane, ethylene, R22, HFC refrigerants, including,
but 



not limited to, R410A, R134A, R507, R23, or combinations thereof, for
example. Use of CO2 as a liquid refrigerant for precooling is thought to
minimize the physical footprint, especially for Floating Production Storage
and Offloading (FPSO) applications. Other refrigeration cycles using
gaseous refrigerant may also be employed. Heat exchangers 114, 116 may be
combined into one exchanger, for example. Heat exchangers 114, 116 may also
be plate-and-fin brazed aluminum (core) type heat exchangers, for example.
Heat exchangers 110, 112 may be combined or mounted on top of one another,
for example. Heat exchangers 110, 112 may be of plate-and-fin brazed
aluminum (core) type heat exchangers, for example. Heat exchangers 110, 112
may also be wound coil type heat exchangers that assure better safety,
durability, and reliability, for example. Robust type heat exchanges may be
used to cool natural gas, for example, because the cooling of natural gas
involves a phase change that may cause more significant thermal stresses on
the heat exchangers. Wound coil heat exchangers may be used because they
are generally less susceptible to thermal stresses during phase change,
contain leaks better than core type heat exchangers, and are generally
impervious to mercury corrosion. Wound coil heat exchangers also may offer
lower refrigerant pressure drop on the shell side, for example. Refrigerant
compressors 132, 134 may be driven by electric motors or directly driven by
one or more gas turbine drivers, for example. Electricity can be derived
from a gas turbine and/or a steam turbine with a generator, for
example.Part of the compression duty of refrigerant compressors 132, 134
may be derived from expanders 136, 138. This usually means that at least
one stage of sequential compression, or, in the case of a single-stage
compression, the entire compressor or compressors in parallel are directly
or indirectly driven by expanders. Direct drive usually means a common
shaft while indirect drive involves use of a gear box, for example. In
Figures 2-5 and 8-1 1, elements and fluid streams that correspond to
elements and fluid streams in the embodiment illustrated in Figure 1 or the
other respective embodiments have been identified by the same number for
simplicity. In another exemplary embodiment, and as illustrated in Figure
2, stream 146 from the discharge of high-pressure refrigerant compressor
132 is divided into two streams 246, 247. Stream 246 is cooled in heat
exchanger 214 to produce stream 248 which is divided into streams 168 and
250. Stream 247 bypasses heat exchanger 214 and is cooled in refrigeration
system 220 that comprises at least one stage of vaporizing liquid
refrigerant. Vaporization may take place in kettles, for example, such as
shell-and-tube heat exchangers with boiling refrigerant on the shell side
as illustrated in Figure 6. Resulting stream 249 is combined with stream
250 to form stream 150 that enters expander 136. In yet another exemplary
embodiment, and as illustrated in Figure 3, natural gas feed stream 100,
for example, may be precooled in the refrigeration system 320 that
comprises at least one stage of vaporizing liquid refrigerant. The
resulting stream 301 may be liquefied in heat exchanger 310 to produce
substantially liquid stream 102. Gaseous refrigerant from 310, stream 356,
may be combined with stream 162, like stream 156 in Figures 1 and 2 .
Refrigeration systems 320 and 220 may be combined into one refrigeration
system, for example, with the liquid refrigerant boiling on the shell side
of the series of heat exchangers and both natural gas and vapor refrigerant
streams cooled in tube circuits, for example. The refrigerant compressor
and condenser are preferably common to both systems as illustrated in
Figure 6. In yet another exemplary embodiment, and as illustrated in Figure
4 , stream 146 may be divided into two streams 446, 447. Stream 446 may be
cooled in heat exchanger 214 to produce stream 448. Stream 447 may bypass
heat exchanger 214 and may be expanded in expander 434. Resulting stream
449 may be combined with streams 156 and 162 to form stream 464 that may
enter heat exchanger 214 in the same manner as stream 164 in Figures 1 and
2 .In another exemplary embodiment, and as illustrated in Figure 5, the
expansion may be accomplished in a sequential manner. Stream 548 may be
combined with stream 249 to produce stream 150 which may be expanded in
expander 136. A portion of stream 160 may be partially warmed in heat
exchanger 116 (stream 570) and may be expanded in expander 138. Therefore,
the inlet pressure to expander 138 may be close to the discharge pressure
of expander 136. Stream 166 may be introduced between the stages of the
gaseous refrigerant compressors or may be combined with stream 158 to
produce stream 544 which is compressed in a separate compressor 532 to
produce stream 546. In that case, stream 140 may be compressed in
compressor 530 to produce stream 542 at the same pressure as stream 546.
The choice of configuration may depend on compressor fit and the associated
costs. Combined streams 542 and 546 may be split into stream 547 and 



247. Stream 547 may be cooled in heat exchanger 214 to produce stream 548,
and as illustrated in Figure 2, stream 247 may bypass heat exchanger 214
and may be cooled in refrigeration system 220. The subcooled product 104
may be throttled to a lower pressure in valve 590 The resulting stream 506
may be partially vapor. Valve 590 may be replaced with a hydraulic turbine,
for example. Stream 506 may be separated into liquid product 508 and flash
vapor 580 in phase separator 592. Stream 580 may be cold-compressed in
compressor 594 to produce stream 582 that may be at a temperature close to
the temperature of streams 160 and 174. In the alternative, stream 580 may
also be warmed up in subcooler exchanger 112 or in a separate heat
exchanger against a portion of stream 102. Stream 582 may be warmed in heat
exchanger 116 to produce stream 584 which may be further warmed in heat
exchanger 214 to produce stream 586. Stream 586 may be typically compressed
to a higher pressure and used as fuel for one or more generator(s), steam
turbine(s), gas turbine(s), or electrical motor(s) for power generation,
for example. The three modifications illustrated in Figure 5 (sequential
expansion, parallel gaseous fuel compressor, and recovering refrigeration
from flash gas) may also be applicable to configurations shown in the other
exemplary embodiments. Figure 6 illustrates an exemplary embodiment of the
precooling refrigeration system depicted in Figures 1-3 and 5. Stream 630,
which may be a gaseous refrigerant and/or a natural gas feed, may be cooled
in heat exchange system 620 (corresponding to systems 120, 220, and 320 on
previous figures) to yield stream 632.The gaseous refrigerant may be
compressed in refrigerant compressor 600. Resulting stream 602 may be
totally condensed in condenser 604. Liquid stream 606 may be throttled in
valve 607 and partially vaporized in the high-pressure evaporator of heat
exchange system 620 to produce two-phase stream 608, which may then be
separated in phase separator 609. The vapor portion 610 may be introduced
between the stages of 600 as a high-pressure stream. The liquid portion 6
11 may be throttled in valve 612 and partially vaporized in the
medium-pressure evaporator of heat exchange system 620 to produce two-phase
stream 613, which may then be separated in phase separator 614. The vapor
portion 615 may be introduced between the stages of 600 as a
medium-pressure stream. The liquid portion 616 may be throttled in valve
617, totally vaporized in the low-pressure evaporator of heat exchange
system 620, and introduced between the stages of 600 as a low-pressure
stream 617. Therefore, refrigeration may be supplied at three temperature
levels corresponding to the three evaporator pressures. It also possible to
have more or less than three evaporators and temperature/pressure levels.
Stream 602 may be supercritical at a pressure higher than the critical
pressure, for example. It may then be cooled in condenser 604 without phase
change to produce a dense fluid 606. Supercritical stream 606 may become a
partial liquid after being throttled. Figures 7a-7c illustrate graphical
plots of the cooling curves for the exemplary embodiment illustrated in
Figure. 1. Figure 7a illustrates the combined heat exchangers 114, 116.
Figure 7b represents heat exchanger 110. As one can see, withdrawing stream
156 significantly improves the efficiency of the exchanger. Figure 7c
illustrates the subcooler exchanger 112. In yet another exemplary
embodiment, and as illustrated in Figure 8 , a system may be used similar
to Figure 1, however, the gaseous refrigerant may provide refrigeration at
only one pressure level. For example, the discharge pressure of Expander
138 may be substantially the same as expander 136. Stream 152 may be split
into streams 860 and 854, for example. Stream 854 may be introduced to the
shell side of combined liquefier/subcooler exchanger 810 at an intermediate
location corresponding to the transition between the liquefying and
subcooling sections. There it may mix with warmed-up stream 172. Stream 856
may be withdrawn at an intermediate location within heat exchanger 810
corresponding to the transition between the precooling and liquefying
sections, for example. Heat exchanger 810, therefore, may be well balanced,
with most refrigerant used in the middle liquefying section.Stream 860 may
be warmed up in heat exchanger 116 to produce stream 862. Stream 862 may be
combined with stream 856 to produce stream 864. Stream 864 may be warmed up
in heat exchanger 114 to form stream 840, combined with stream 858 from the
warm end of heat exchanger 810, and introduced to the suction of
refrigerant compressor 830. Compressor 830 may have multiple stages, for
example. Again, intercoolers and aftercoolers are not shown for simplicity.
In another exemplary embodiment, and as illustrated in Figure 9, a system
may be used similar to Figure 1, however, the liquefier heat exchanger 110
and heat exchangers 116 and 114 may be combined into heat exchangers 916
and 914. Heat 



exchangers 914 and 916 may also be combined. Subcooler exchanger 112 may be
combined with heat exchanger 916. All three exchangers 914, 916, and 112
can be combined into a single heat exchanger, for example. The feed gas
stream 100 may be cooled in the heat exchanger 914 to form stream 901 .
Stream 901 may be further cooled in heat exchanger 916 to form a
substantially liquefied gas stream 102. In yet another exemplary
embodiment, and as illustrated in Figure 10, a system may be used similar
to Figure 8, however, a third expander 434 may be included as in Figure 4.
The additional expander 434 may replace the refrigeration system 120 in
providing the refrigeration for precooling the gaseous refrigerant, in this
case stream 447. In another exemplary embodiment, and as illustrated in
Figure 11, a system may be used similar to Figure 8, however, the cold
expander 138 has been eliminated together with the top section of the
liquefier heat exchanger 810. Pre-cooled gaseous refrigerant stream 1148 is
expanded in a single expander 1136. Resulting expanded stream 1154 is used
to liquefy the natural gas feed 100, for example, in the liquefier heat
exchanger 810. This exemplary embodiment is particularly useful for
producing liquid natural gas at warm temperature ranges. These temperature
ranges may include, for example, -215F (-1370C) to -80 0F (-620C). It will
be apparent to those skilled in the art that the pre-cooling system 120 in
Figure 1 may be replaced with an additional expander as in Figure 10, or
may be external to the exchanger 114 as in Figure 2 . If two expanders are
used, one for pre cooling, one for liquefaction, they may be discharge at
two different pressures with the higher-pressure stream from the warm
(pre-cooling) expander introduced between the low-pressure refrigerant
compressor and the high-pressure refrigerant compressor as in Figure 1. The
following are some aspects and embodiments of the present application:# 1.
A method of liquefaction using a closed loop refrigeration system, the
method comprising the steps of: (a) compressing a gaseous refrigerant
stream in at least one compressor; (b) cooling the compressed gaseous
refrigerant stream in a first heat exchanger; (c) expanding at least a
first portion of the cooled, compressed gaseous refrigerant stream from the
first heat exchanger in a first expander to provide a first expanded
gaseous refrigerant stream; and (d) cooling and substantially liquefying a
feed gas stream to form a substantially liquefied feed gas stream in a
second heat exchanger through indirect heat exchange against at least a
first portion of the first expanded gaseous refrigerant stream from the
first expander, wherein the first expanded gaseous refrigerant stream
exiting the first expander is substantially vapor. #2. The method of # 1,
further comprising subcooling the cooled and substantially liquefied feed
gas stream through indirect heat exchange in a subcooler exchanger against
a second expanded gaseous refrigerant stream exiting a second expander,
wherein the second expanded gaseous refrigerant stream exiting the second
expander is substantially vapor. #3. The method of #2, wherein the
compressing of the gaseous refrigerant stream of step (a) of # 1 occurs by:
(a)(1) compressing the gaseous refrigerant stream in a low pressure
compressor; and (a)(2) further compressing the gaseous refrigerant stream a
high pressure compressor. #4. The method of #3, wherein the pressure of the
second expanded gaseous refrigerant stream exiting the second expander is
lower than the pressure of the first expanded gaseous refrigerant stream
exiting the first expander. #5. The method of # 1, wherein a first portion
of the first expanded gaseous refrigerant stream from the first expander
cools the feed gas stream through indirect heat exchange in the second heat
exchanger in step (d) of # 1 and wherein a second portion of the first
expanded gaseous refrigerant stream from the first expander cools a second
portion of the cooled, compressed gaseous refrigerant stream from the first
heat exchanger in a third heat exchanger.#6. The method of # 1, further
comprising providing supplemental cooling to the first heat exchanger
through indirect heat exchange with a supplemental refrigeration system
comprising at least one stage of a vaporizing liquid refrigerant. #7. The
method of #6, wherein the vaporizing liquid refrigerant comprises CO2,
methane, propane, butane, iso-butane, propylene, ethane, ethylene, R22, HFC
refrigerants including R410A, R134A, R507, R23, or combinations thereof.
#8. The method of #1, wherein the feed gas stream for liquefaction is a 



natural gas stream. #9. The method of #8, wherein the natural gas
liquefaction occurs on a Floating Production Storage and Offloading (FPSO)
vessel. # 10. The method of # 1, wherein the gaseous refrigerant stream is
a nitrogen stream. # 11. The method of #3, further comprising warming a
second portion of the first expanded gaseous refrigerant stream exiting the
first expander in the third heat exchanger and the first heat exchanger to
form a warmed gaseous refrigerant stream and combining the warmed gaseous
refrigerant stream with the compressed gaseous refrigerant stream exiting
the low pressure compressor between steps (a)(1) and (a)(2) of #3. #12. The
method of #5, wherein a third portion of the first expanded gaseous
refrigerant stream exiting the first expander is heated in the third heat
exchanger prior to expansion in a second expander. #13. The method of #2,
further comprising extracting a portion of the gaseous refrigerant stream
descending the second heat exchanger from an intermediate location of the
second heat exchanger, heating the extracted portion of the gaseous
refrigerant stream in the first heat exchanger, and combining the warmed
gaseous refrigerant stream with the compressed gaseous refrigerant stream
exiting the low pressure compressor between steps (a)(1) and (a)(2) of #3.
#14. The method of # 1, wherein the first heat exchanger and the third heat
exchanger are a single heat exchanger. #15. The method of # 1, wherein the
second heat exchanger and the subcooler exchanger are a single heat
exchanger. #16. The method of # 1, wherein the first heat exchanger and the
third heat exchanger are plate-and-fin brazed aluminum (core) type heat
exchangers. #17. The method of # 1, wherein the second heat exchanger and
the subcooler exchanger are wound-coil heat exchangers.#18. The method of
#3, further comprising splitting the compressed gaseous refrigerant stream
exiting the high pressure compressor, cooling a first portion of the
compressed gaseous refrigerant stream exiting the high pressure compressor
in a supplemental refrigeration system that comprises at least one stage of
a vaporizing liquid refrigerant, and combining the cooled first portion of
the compressed gaseous refrigerant stream with the first portion of the
cooled, compressed gaseous refrigerant stream from the first heat exchanger
for expansion in the first expander in step (c) of # 1, and wherein a
second portion of the compressed gaseous refrigerant stream exiting the
high pressure compressor is cooled in the first heat exchanger in step (b)
of # 1. #19. The method of #18, further comprising precooling the feed gas
stream in a supplemental refrigeration system that comprises at least one
stage of a vaporizing liquid refrigerant prior to step (d) of # 1. #20. The
method of #19, wherein the supplemental refrigeration system for precooling
the feed gas stream and the supplemental refrigeration system for cooling
the first portion of the compressed gaseous refrigerant stream exiting the
high pressure compressor is a single supplemental refrigeration system. #21
. The method of #3, further comprising splitting the compressed gaseous
refrigerant stream exiting the high pressure compressor, expanding a first
portion of the compressed gaseous refrigerant stream exiting the at least
one compressor in a third expander, warming the expanded first portion of
the compressed gaseous refrigerant stream in the first heat exchanger, and
then combining the warmed, expanded first portion of the compressed gaseous
refrigerant stream with the compressed gaseous refrigerant stream exiting
the low pressure compressor between steps (a)(1) and (a)(2) of #3, and
cooling the second portion of the compressed gaseous refrigerant stream
exiting the high pressure compressor in the first heat exchanger in step
(b) of # 1. #22. The method of #4, further comprising splitting the
compressed gaseous refrigerant stream exiting the high pressure compressor,
expanding a first portion of the compressed gaseous refrigerant stream
exiting the high pressure compressor in a third expander, warming the
expanded first portion of the compressed gaseous refrigerant stream in the
first heat exchanger, and then combining the warmed, expanded first portion
of the compressed gaseous refrigerant stream with the compressed gaseous
refrigerant stream exiting the low pressure compressor between steps (a)(1)
and (a)(2) of #3, and cooling the second portion of the compressed gaseous
refrigerant stream exiting the high pressure compressor in the first heat
exchanger in step (b) of # 1.#23. The method of #2, further comprising
throttling the subcooled liquefied feed gas stream, separating the
throttled subcooled liquefied feed gas stream in a phase separator into a
liquid product and a flash vapor, wherein the flash vapor can be further
compressed, warmed, and used as fuel for energy production. #24. The method
of #1, further comprising storing the cooled and substantially 



liquefied feed gas stream in a high-pressure storage tank. #25. A method of
liquefaction using a closed loop refrigeration system, the method
comprising the steps of: (a) compressing a gaseous refrigerant stream in a
low pressure compressor; (b) further compressing the compressed gaseous
refrigerant stream in a high pressure compressor; (c) cooling the
compressed gaseous refrigerant stream in a first heat exchanger; (d)
expanding at least a first portion of the cooled, compressed gaseous
refrigerant stream from the first heat exchanger in a first expander to
provide a first expanded gaseous refrigerant stream, wherein the first
expanded gaseous refrigerant stream from the first expander
provides'cooling to a second heat exchanger and the first heat exchanger;
(e) cooling and substantially liquefying a feed gas stream through indirect
heat exchange against the first expanded gaseous refrigerant stream from
the first expander in the second heat exchanger and the first heat
exchanger; and (f) subcooling the cooled and substantially liquefied feed
gas stream through indirect heat exchange against a second expanded gaseous
refrigerant stream exiting a second expander in a subcooler exchanger,
wherein the first expanded gaseous refrigerant stream exiting the first
expander and the second expanded gaseous refrigerant stream exiting the
second expander are substantially vapor, and wherein the pressure of the
second expanded gaseous refrigerant stream is lower than the pressure of
the first expanded gaseous refrigerant stream. #26. A closed loop system
for liquefaction, comprising: a refrigeration circuit, the refrigeration
circuit comprising: a first heat exchanger; a second heat exchanger fluidly
coupled to the first heat exchanger; a first expander fluidly coupled to
the first heat exchanger and adapted to accept a stream of refrigerant from
the first heat exchanger;a second expander fluidly coupled to the second
heat exchanger and adapted to accept a stream of refrigerant from the
second heat exchanger; and a third heat exchanger fluidly coupled to the
first expander and adapted to accept a first expanded gaseous refrigerant
stream from the first expander and a feed gas stream, wherein the first
expanded gaseous refrigerant stream from the first expander and the second
expanded gaseous refrigerant stream from the second expander are
substantially a vapor stream. #27. The system of #26, further comprising a
subcooler exchanger fluidly coupled to the third heat exchanger and the
second expander and adapted for acceptance of the feed gas stream from the
third heat exchanger. #28. The system of #26, further comprising: (a) a low
pressure refrigerant compressor fluidly coupled to the first heat
exchanger; and (b) a high pressure refrigerant compressor fluidly coupled
to the first heat exchanger and the low pressure refrigerant compressor
adapted for acceptance of a refrigerant stream from the first heat
exchanger and the low pressure refrigerant compressor. #29. The system of
#28, wherein the second expanded gaseous refrigerant stream from the second
expander is lower in pressure than the first expanded gaseous refrigerant
stream from the first expander. #30. The system of #28, further comprising
a supplemental refrigeration system adapted to provide cooling to the first
heat exchanger, wherein the supplemental refrigeration system comprises at
least one stage of a vaporizing liquid refrigerant. #31. The system of #30,
wherein the vaporizing liquid refrigerant comprises CO2, methane, propane,
butane, iso-butane, propylene, ethane, ethylene, R22, HFC refrigerants
including R410A, R134A, R507, R23, or combinations thereof. #32. The system
of #26, wherein the feed gas stream is a natural gas stream. #33. The
system of #32, wherein the system is used on a Floating Production Storage
and Offloading (FPSO) vessel. #34. The system of #26, wherein the stream of
refrigerant is a nitrogen stream. #35. The system of #26, wherein the first
heat exchanger and the second heat exchanger are a single heat exchanger.
#36. The system of #27, wherein the third heat exchanger and the subcooler
exchanger are a single heat exchanger.#37. The system of #26, wherein the
first heat exchanger and the second heat exchanger are plate-and-fin brazed
aluminum (core) type heat exchangers. 



#38. The system of #27, wherein the third heat exchanger and the subcooler
exchanger 112 are wound-coil heat exchangers. #39. The system of #28,
further comprising a supplemental refrigeration system fluidly coupled to
the high pressure refrigerant compressor and adapted for acceptance of a
compressed gaseous refrigerant stream from the high pressure refrigerant
compressor. #40. The system of #26, further comprising a supplemental
refrigeration system fluidly coupled to the third heat exchanger and
adapted to accept the feed gas stream. #41 . The system of #28, further
comprising a third expander fluidly coupled to the high pressure
refrigerant compressor and adapted for accepting a portion of a compressed
gaseous refrigerant stream from the high pressure refrigerant compressor.
#42. The system of #27, further comprising: a valve fluidly coupled to the
subcooler exchanger adapted for acceptance of the feed gas stream from the
subcooler exchanger; a phase separator fluidly coupled to the valve and
adapted for separation of the feed gas stream into a liquid product and a
flash vapor. #43. The system of #26, further comprising: a first low
pressure refrigerant compressor fluidly coupled to the first heat
exchanger; and a second low pressure refrigerant compressor fluidly coupled
to the third heat exchanger. #44. A method of liquefaction of a gaseous
feed using a closed-loop vapor expansion cycle having at least two
expanders, wherein the discharge pressure of a second expander is lower
than the discharge pressure of a first expander, and wherein the first
expander provides at least a portion of the refrigeration required to
liquefy the gaseous feed. #45. The method of #44, wherein the gaseous feed
comprises natural gas. #46. The method of #44, wherein a resultant expanded
stream from the second expander is warmed to near ambient temperature,
compressed, and combined with a warmed resultant expanded stream from the
first expander. #47. The method of #46, wherein the combined streams from
the first expander and the second expander are further compressed and then
cooled for further expansion.#48. The method of #44, wherein a resultant
expanded stream from the first expander is split such that a first portion
of the resultant expanded stream is used to cool the gaseous feed through
indirect heat exchange and a second portion of the resultant expanded
stream is used to provide cooling in a heat exchanger. EXAMPLE Referring to
Figure 3, 3,160 Ibmol/h (1,433 kgmol/h) of natural gas containing
approximately 92% of methane, 1.6% of nitrogen, 3.4% of ethane, 2% of
propane, and 1% of heavier components at 113F (45C) and 180 psia (1.24 MPa)
(stream 100) was precooled to approximately -31 .6F (-35.30C) by the
refrigeration system 320 comprising 3 kettles with vaporization of R134A
refrigerant (C2H2F4) . The refrigerant was compressed in a 3-stage
compressor, as illustrated in Figure 6. The refrigerant compressor's
suction pressure was approximately 0.5 bar (50 kPa) absolute. Keeping the
suction pressure at vacuum allowed subcooling to a lower temperature. Using
a non-flammable refrigerant assured safe operation. Resulting stream 301
was cooled in the liquefier heat exchanger 310 to -136 F (-93"C) at which
point the stream 102 was all liquid. It was then subcooled in the subcooler
exchanger 112 to -261 F (-1630C) providing resulting stream 104. Gaseous
nitrogen 146 from the discharge of high-pressure refrigerant compressor 132
was at 104F (40C) and 1,200 psia (8.27 MPa). Stream 146 was then split into
2 1,495 Ibmol/h (9,750 kgmol/h) going to refrigeration system 220 and
196,230 Ibmol/h (89,008 kgmol/h) going to combined heat exchangers 214,
116. Stream 150 resulting from combining streams 249 and 250 entered
expander 136 at -49F (-450C) and a flow rate of 164,634 Ibmol/h (74,677
kgmol/h). It was expanded to about 475 psia (3.28 MPa) at -141 F (-960C)
(stream 152) and divided into stream 154 entering liquefier heat exchanger
310 at 141,326 Ibmol/h (64,104 kgmol/h) and stream 160 entering combined
heat exchangers 214, 116. Stream 356 left liquefier heat exchanger 310 at
-54.4F (-48C). It was then combined with stream 162, warmed up in combined
heat exchangers 214, 116 to 97.5 F (36.4C), and introduced between the low
pressure refrigerant compressor 130 and high pressure refrigerant
compressor 132 at a flow rate of 164,634 Ibmol/h (74,677 kgmol/h) (stream
166).Stream 170 entered expander 138 at -136F (-93 C) and a flow rate of
53,091 Ibmol/h (24,082 kgmol/h). Stream 170 was expanded to about 192 psia
( 1 .32 MPa) at -165F (-1090C) (stream 172) and then entered subcooler
exchanger 112. 



Stream 174 left subcooler exchanger 112 at about -140F (-96C). Stream 174
was then warmed up in combined heat exchangers 214, 116 to 97.5F (36.4C)
and entered the suction of the low pressure refrigerant compressor 130
(stream 140). While aspects of the present invention has been described in
connection with the preferred embodiments of the various figures, it is to
be understood that other similar embodiments may be used or modifications
and additions may be made to the described embodiment for performing the
same function of the present invention without deviating therefrom.
Therefore, the claimed invention should not be limited to any single
embodiment, but rather should be construed in breadth and scope in
accordance with the appended claims. Reference numerals from the drawings
are provided in the claims merely to assist understanding and do not limit
the scope of the claims.CLAIMS 1. A method of liquefaction using a closed
loop refrigeration system, the method comprising the steps of: (a)
compressing a gaseous refrigerant stream (144) in at least one compressor
(132); (b) cooling at least a portion of the compressed gaseous refrigerant
stream (144) in a first heat exchanger ( 1 14); (c) expanding at least a
first portion (150) of the cooled, compressed gaseous refrigerant stream
from the first heat exchanger ( 1 14) in a first expander (136) to provide
a first expanded gaseous refrigerant stream (152); and (d) cooling and
substantially liquefying a feed gas stream (100) to form a substantially
liquefied feed gas stream (102) in a second heat exchanger ( 1 10) through
indirect heat exchange against at least a first portion (154) of the first
expanded gaseous refrigerant stream from the first expander (136), wherein
the first expanded gaseous refrigerant stream (152) exiting the first
expander (136) is substantially vapor. 2. A method of Claim 1, further
comprising subcooling the cooled and substantially liquefied feed gas
stream (102) through indirect heat exchange in a subcooler exchanger ( 1
12) against a second expanded gaseous refrigerant stream (172) exiting a
second expander (138). 3 . A method of Claim 2 , wherein the second
expanded gaseous refrigerant stream (172) exiting the second expander (138)
is substantially vapor. 4. A method of Claim 3, wherein the second expanded
gaseous refrigerant stream (174) exiting the subcooler exchanger ( 1 12) is
compressed in a low pressure compressor (130); combined with at least the
first expanded gaseous refrigerant stream exiting the second heat
exchanger; and the mixed stream (144) further compressed in a high pressure
compressor (132). 5 . A method of any one of Claims 2 to 4 , wherein the
second expanded gaseous refrigerant stream is derived from a second portion
(168) of the cooled, compressed gaseous refrigerant stream from the first
heat exchanger ( 1 14).6. A method of Claim 5, wherein the second portion
(168) of the cooled gaseous refrigerant stream (148) is further cooled in a
third heat exchanger ( 116) by indirect heat exchange with at least a
second portion (160) of the first expanded gaseous refrigerant stream (152)
from the first expander (136) and is fed to the second expander (138) to
provide the second expanded gaseous refrigerant stream (172). 7. A method
of any one of Claims 2 to 4 , wherein the second expanded gaseous
refrigerant stream is derived from a portion (570) of the first expanded
gaseous refrigerant stream. 8. A method of Claim 7, wherein said portion
(570) is warmed prior to said expansion (138) by heat exchange ( 1 16)
against compressed vapor separated from substantially liquefied feed gas
stream exiting the subcooler exchanger ( 1 12). 9. A method of any one of
the preceding claims, further comprising extracting a portion (154) of the
gaseous refrigerant stream descending the second heat exchanger ( 1 10)
from an intermediate location thereof and heating said extracted portion
(154) in the first heat exchanger ( 1 16). 10. A method of any one of the
preceding claims, wherein the feed gas stream for liquefaction is a natural
gas stream. 11. A method of any one of the preceding claims, wherein the
gaseous refrigerant stream is a nitrogen stream. 12. A method of any one of
the preceding claims, further comprising warming a second portion (160) of
the first expanded gaseous refrigerant stream (152) exiting the first
expander (136) in a third heat exchanger ( 1 16) and in the first heat
exchanger ( 1 14) to form a warmed gaseous refrigerant stream and combining
the warmed gaseous refrigerant stream (168) with the first expanded gaseous
refrigerant stream (158) exiting the second heat exchanger ( 110). 13. A
method of any one of the preceding claims, further comprising splitting 



the compressed gaseous refrigerant stream (146) exiting the at least one
compressor (132) into a first portion (247) and a second portion (246),
cooling said first portion (247)in a supplemental refrigeration system
(220) that comprises at least one stage of a vaporizing liquid refrigerant,
cooling said second portion in the first heat exchanger ( 1 14) in step (b)
of Claim 1, and combining the cooled first portion (249) with at least a
portion (250) of the cooled second portion (248) for expansion in the first
expander (136) in step (C) of Claim 1. 14. A method of any one of Claims 1
to 12, further comprising splitting the compressed gaseous refrigerant
stream (146) exiting the at least one compressor (132) into a first portion
(447) and a second portion (446), expanding said first portion (447) in a
third expander (434), warming the resultant expanded first portion (449) in
the first heat exchanger (214), and then combining the resultant warmed,
expanded first portion (part 166) with the gaseous refrigerant stream (158)
exiting the second heat exchanger ( 1 10), and cooling said second portion
(446) in the first heat exchanger ( 1 14) in step (b) of Claim 1. 15. A
method of Claim 3 comprising the steps of: (a) compressing a gaseous
refrigerant stream (140) in a low pressure compressor (130); (b) further
compressing the compressed gaseous refrigerant stream (142) in a high
pressure compressor (132); (c) cooling the compressed gaseous refrigerant
stream (146) in a first heat exchanger (914); (d) expanding at least a
first portion (150) of the cooled, compressed gaseous refrigerant stream
(148) from the first heat exchanger (914) in a first expander (136) to
provide a first expanded gaseous refrigerant stream (152), wherein the
first expanded gaseous refrigerant stream (152) from the first expander
(136) provides cooling to a second heat exchanger (916) and the first heat
exchanger (914); (e) cooling and substantially liquefying a feed gas stream
(100) through indirect heat exchange against the first expanded gaseous
refrigerant stream (152) from the first expander (136) in the second heat
exchanger (916) and the first heat exchanger (914); and (f) subcooling the
cooled and substantially liquefied feed gas stream (102) through indirect
heat exchange against a second expanded gaseous refrigerant stream ( 172)
exiting a second expander ( 138) in a subcooler exchanger ( 112),wherein
the first expanded gaseous refrigerant stream (152) exiting the first
expander (136) and the second expanded gaseous refrigerant stream (172)
exiting the second expander (138) are substantially vapor, and wherein the
pressure of the second expanded gaseous refrigerant stream (172) is lower
than the pressure of the first expanded gaseous refrigerant stream (152).
16. A closed loop system for liquefaction by a method of Claim 2,
comprising: a refrigeration circuit, the refrigeration circuit comprising:
a first heat exchanger ( 114); a second heat exchanger ( 116) fluidly
coupled to the first heat exchanger ( 1 14); a first expander (136) fluidly
coupled to the first heat exchanger ( 1 14) and adapted to accept a stream
of refrigerant (150) from the first heat exchanger ( 1 14); a second
expander (138) fluidly coupled to the second heat exchanger ( 116) and
adapted to accept a stream of refrigerant (170) from the second heat
exchanger ( 1 16); a third heat exchanger ( 1 10) fluidly coupled to the
first expander (136) and adapted to accept a first expanded gaseous
refrigerant stream (154) from the first expander (136) and a feed gas
stream ( 1 10); and a subcooler exchanger ( 1 12) fluidly coupled to the
third heat exchanger (110) and the second expander (138) and adapted for
acceptance of the feed gas stream (102) from the third heat exchanger (
110). 17. A system of Claim 16, adapted for closed loop system for
liquefaction by a method of any one of Claims 3 to 14. 18. A method of
liquefaction of a gaseous feed using a closed-loop vapor expansion cycle
having at least two expanders, wherein the discharge pressure of a second
expander is lower than the discharge pressure of a first expander, and
wherein the first expander provides at least a portion of the refrigeration
required to liquefy the gaseous feed. 


