TRI AZI NE, PYRI M DI NE AND PYRI DI NE ANALOGS AND THEI R USE AS THERAPEUTI C
AGENTS AND DI AGNOSTI C PROBES FI ELD OF THE | NVENTI ON The invention rel ates
to new t NEOPWMSBY7agent s and di agnosti c probes, incl udiPRFTBHAY/MEEBUti cal |y
acceptabl e salts, prodrugs and netabolites thereof, which are useful for
nodul ating protein or enzyne activity fer nodulating cellular activities
such as signal transduction, proliferation, differentiation, programed
cell death, migration and cytoklne seg{gtH.on. Mre specifically the

i nvention prOV|des conmpounds whi ch i nhi bi regul ate, detect and/or

nodul ate kinase activity, ing itide 3-kinase (PlI3K)
manmmal i an target of rapanyC|nR@%%%&%Lﬂ%ﬁ&G%&BQﬁéﬁﬁiwlkinase i nhi bitor
conmpounds, their pharmaceutically ggerpiRlgpsal ts. and prodrugs thereof;
conposi tions of the new conpounds, either alone or in conbination wi th at

| east one addi { |qaBkid]\ReARAN b <74 @mgwh\ew% P IRTBGE LR dyYefidiRG 20 ©
carrier; and uses O e neM/cogg un s, elt al one r i'n Combl hatioh with
at | east eﬁ%eoa.lédefflwﬁat inthesvarse ragton guele are hnqvwe Pheserpethedssand systems ment
of a numbepically hds efvo |k ﬁéérhc%@f the) 09ReB08" RARFACE Bpphdtea hgor !
activity o serlne reonln I nases, recepto rosine ki nase 't pid
ki nase®. Fukstantialintthensame o pressuree avithin rtelemég 9 thei prgssuie deappdinedsh f or
In VIitro, ehfiomht: SéHe | st afllcd HARRES mofls $hdh Y fin Lhgatdgnt of
manmal |aneg%P or assgﬁfateda gtﬂﬁﬁﬂglggﬁ§COthtIO%§g %ﬁcu égETHE

| NVENTI ouema_mer wsmaﬁ%wswethemgdm@r hartthe dﬁcgﬂrslemﬁgssewmféhmn@we@ ntrol
the acti V@iﬁéﬁ'&ersgr%s@ m&hBéseéﬁé”syé%éhQ'P\avé% K&y glemo%aéés@@ g;tst&ﬁé' s in
response to extracellular nediators or stlnu I nc r owmt ctors,

cyt oki nesbegausa iR iapeBo sireame idogiced briweerk pme@SIan étagpasamdr simgle heat wo
groupgy t BRHanb&8tbeRhGIetha ér@'lééé PRREERCEN RS Liehy " PHHIR SORR rﬂaﬁad@aﬁldt hose

that preferentially phosPhory ate serine and/or_ threonine residues.

tyrosi ne RYS¥9e458 AR Poelospsysiarethabdiiresife daesiied fluittasn refdgaspitor s | f or
exanpl e the epirAeprRiousmuthédd acd §Vstérﬁ§?d?th8uef§<§@ﬁwlo@é%r Céﬂe‘b?&ﬂlérﬁatlc for
non-receptorkinases including Src Tamly kinases, the Syk famly ki nases
and the TeRveralneRsons: nf9eSXamplep wister SiaPlel GOMPIGESIER cysiemsk A Sinpletheat ty i s

i nvol ved bfbwaagasda.&%&%uu mcuh%m hidiERdes. nmeefaoéﬂ @héﬂ:&s@%%ﬁﬁgs in usin
i mmunol ogi cal di seases and i nflammatory di sorders. Thi's can be cause

ei t hel® di ?@emrloep sysiarrdaesInpt pytwerah thgﬂ%w&tv&f USIBG ArISeAERIPRHYSIE: due to
nmut at i on, over expr eSSI on or i nappl’g‘fl’l ate activation of the enzyne. Protein

tyrosi ne ki naséBere ip& Reed xR grethod 3ad fusterm fos digughagtion wheec kst fepkichases
- are essppicbdlingf ﬁduefd&ﬂoﬁ@dd‘@bbéﬁhn?%’e Riofd ééf@réfﬁélé’rﬂ &id eshpis. of the imune
system Anmong the earliest detectable events upon the inmunoreceptor
activation in mast cells, T cell sBrIEF 8UmMeiARY S the stinulation of
non-receptor tyrosine ki nases. Phosphoi nosi ti de 3-ki nases (PlI3Ks) were

early on ident Embedin@mtd bitthe prbstas aveassOsatRfyeMisvhddy Mlth@anfyCmeleg a

[ Whi tman et, al 39- 242 985) g o.et al

hcnd. 250 Satg elfsipht anish siaplGaipjam L PIRoRss T IouBIasion\ahd spRcRav aRl g
1: 2728- 278&ufal §8stiduefadtionf or the | ast 20 years, the connection between
cancer and Pl 3K has been further substantiated [Cully et al., Nat. Rev.,

Cancer 6:184- 1Q2co(réﬁﬁ@6z) pn&Yexaimplaey embodmﬁdf, ra miefhod. foiduefddition .is didcidddd 149
(2005); Vivanco

2: 489-501 (2002 Pl 3Ks . h
since beel ?%&§F?ngd°?% ﬁ%@ﬁfag'?e -4 {Weaﬁ‘&zmﬁffs CBE‘E’T'ﬂP%atL%cstt?‘?ﬁ ts°f e@/eand
to be Cenwra;bretﬂrrl]g laeg@eoug Irefa@e%anektaémh iirc acmtstr Grhe c@ape‘ss@al(ﬁ)y%dmdg ftheed
m tin t he el uc er
i oS PramPstaonsenls Pliopa BB b acEica SEinen0er el SXRBPa G Methe | o,
X-1i nked afiedt wortloar of e jpasdiby, emﬁbr@bﬁdcgisewbs refrigerantt straaerufrompathe ffirst hdae

provi ded further .ins nd system c rol e of )
Phosphot nereneRs i1 i ewpahdes fa ity 3118 Sxpnided Bnsestly BBerast irsemang i n
particul aand (& qootiay ahd afubstaasallyl lioeRite), a Feel Das EBedmSpHA3rm iassubsvanitiad i n

t he pat hogen of cancer, .chronic._inf

i sence.  HLaneY festlods Sican ot Acetply MarL ARERSSHresioh Shdbest PERPPhafoe
enzyn¥s, adghindt ab leasphdirst|pattent dfehd firsDidxparsieti gaseads tefrigerara stream fran gheof
phosphoi nositi des. They have been divided into three classes on the basis
of structural features and in vitro |ipid substrate specificity [(Marone et
al ., Biochimca et Biophysica Acta 1784:159-185 (2008)]. Cass | PI3Ks form
het er odi mers, which consist of one of the four closely related 110 kDa
catal yticsubunits, and an associ ated regul atory subunit belonging to two
distinct famlies. In vitro they are capable to convert Ptdlns to

Ptdl ns-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

- NN S A S R Y - N 1 -~ ~ N7 o o o T 1 o



their relevant in vivo substrates are still under investigation. This class
of large (170- 200 kDa) enzynmes has three nenbers, all characterized by a
C-t er mi naWO@WBH ogy domai n. No adaptor nol ecul es f or PETAB0P/PO7SINBKs have
been identified so far. Class IIl PI3Ks are solely able to phosphoryl ate
Ptdl ns, and thus generate only Ptdl ns-32P. The single nenber of this class
is Vps34, of which the S. cerevisiae Vps34p (vacuolar protein sorting

mut ant 34 I

casent i al "oery ey, 2ph Meoiial ¥RinaBl batBiuc st deth Gl e e
to the ye&spanggtigsiubstantinllyvgeerel | e eq. uival ent to |ysosonmes in mamal s
[Schu et al., Science 260:88-91 (1993)]. Phosphoi nositide 4-kinases (Pl 4Ks)
phosphoryl at e f\geordingle mvether ovxestplarieemhodiment, ai mgtheld Pf diquefactond is

t hereby gg | S {ated
by Pt ol no BoPoe by pd Saaodbg oo MicraRirinsiéh g Tadfod KorpRing fRsogy ot

sour ce f ofd) peRIBYEBSING A gasedusgfrest §trgwa| in adowrressareptansprassnsnty) further Four
Pl 4Ks i sof@hpRséh§t | Hs
are nost cl og'glsy reﬁmrfggeé@%(go he glr%ggtrg%rﬁﬁbékq} agsel}c?ie cyﬂ? reélargél'K
referred (@ @@9ling thes comprepsad gasanysi refrigesdnt tstrgamniv| @éucﬁtaheatvaxgrmngsnz(wms
with a Cablatbing £ 3 ﬁart.érpoﬂmé*f:ﬁgﬁgda%éﬂég &'Gadddft YaRa LR LALART Of
rapanmycin (mrOR™ al so known as ependent “protein RTnase

( DNA- PKcsfromtthe figstahaah exehanagr étaafgstaemnderet@ promide 1 Hest exPANIER) gasepuxi a

t el anfy ecieatderart! stegih, %Z%n t%s@e%d@& %’3§%&fsn@fﬁg% it 'SBBSA frdth R first

donmi nassoci ated protéin (T . The first five nenbers are active protein
seri net hr @RaNAer RFPM'QQ%§°Q|WQtt° @r%?CPWBP%fe@(Chﬁng%lﬂndglﬁQ)WShh@@irﬂxﬁmn%ﬁde)
genone/ tr i ( I ysi ca
Act o 1754 1000 PR BSRANAR I ST a CEE RS hed o aleR PeaCerener

DNA- danag@adiest JBa s, exnaed%|995%fz,tts| Kﬂér'géf@stiéfW friopy they gt expamdar datkgye i s
MTOR, Whi §dtoh8 HeBOBkcRR rmfartﬂzéﬂf.hstfr%aﬁ e&&aaa& BHY ro? %PBcd%Yﬁ‘g lu?ebeAdnécyan@nd

coordj nates protein S}/ hesi s, tgr owt h V\B eration. farget
r apanei ns%%“yc'&‘lﬁ @(@@dﬂa&rﬁﬁeﬁm Q?L@hé""g‘j eatiexehangesagpinst ﬁrﬁgcem a

Pl 3K/ PKB boe = t (
i ont. il sl Tasnre ilane el 3 Sl Lt n B st

phosphor yP¥ha8geh avheejat hoelirel gipandsd gerspus nrefrigeranibiirears exitingr si rst
conpl ex (dxplahder 8Ad! thé Ncbit @panddd Qé’sé&hs”&ﬁg@? rﬁ‘ss@regmagxnﬂﬁg? tﬁgggcgr(dvar one

et al., Biochimca et Biophysica Acta 1784: 15 n parallel,

NMTOR st i n¥PRNES ?rteaﬁiqséﬁﬂt'éw ¥2Pari BBd aYherein the ar%ueﬁwef ih?eﬁ%ﬁoﬁﬂeeﬁpiab%%ne

bi 0962035| §asébas tré?ﬂg@r%hi ¥Yirdath IlQergr BERIRK pdre¥sbles 6N tHROft 8L a”Hded 79(73%55

124: 471 2006%\ anycin, and its derivatives RADOO1 andp bind to
FKBP12, &fH9e téHﬁ%ﬂex bl ocks mrOR conplex 1 (nTORCl) acti vi ty very

sel ectively. Various cI i n| cal trials were initiated using Rapanycin and

derivatives, nMBSIAYNG HopiRt AMRErVEXEMRIBROPEDAAIEISNRY? fPSede Pap ety SR KOr

signali nglq@@dachdrp% afiddlosed MESRprisih@Mi §i r@ﬁhgléeawéhtgreaﬁr theOPéfagéaton RirkGnt | e
cell |ynphonma, endonetrial cancer and renal cell carcinoma [Guertin et al.

Cancer  CetqmASing: @fﬁﬁtﬂﬁat SIEPReF G i hsenradineat authapgen (hidly sguried 4o the first

anti -Z@ngl rm@maa@br \d first S@aadSEIUIdIR ¥oGiediciha Girst eal e aHah§ér dddbdagtdd al -
ens avenues for conbinatorral treatnents

Nat . 128 (20 his o

with con\/tBrﬂCF%‘?'Eﬂ Stfﬁ?@%r%ft rﬁé@&fﬂ?t FFB@LH?F fikst &gatgxchargsr) a seepnd expandgidiidly The

Pl 3KI p?t M@}é]lcddsto?tlhkﬁéécﬁh@haétl @?:h?h@é?fﬂi&bdﬁle@@@%@@&bt@&?éé?ﬁ lof rﬂ@fn &@nt

regul ation of ce oliferatjon, survival as

mgratio ”ﬂ’lt%qée g r?\gi Fﬁﬁ%@&e%?"ﬁ i heat prshanger iidly éP\éW?d é‘f mﬁﬂ"ﬁt

i ncl udi ngem@?cgéri*arfdasaméd td Eéde@t‘fﬁ&'frb | @tré&daﬁgécabtgéébush@frn\g\yEMS streat\m from thle_a 4
neurqQtransnitter ulins and antigens mann et al., Trends
Phar %@c nrertS‘?:’fpanéﬁr %’6‘8 ;;gé’ rip 4Re Tifsh eXpadedsQAssPHS rP8RAN b and
d, are alstrdanufrdmt Beofirst @)fpafnber EB@/tﬂi@5é&5ﬂ éxubed gayesusbsfiderant\iieahh al |
harbor t i h affinity to phosphorylated Tyr-

SH2 donai ns that Dbi
X- X- Met %CW F@e serRRd expasider §reaﬁ“g3tﬁf‘hg@rﬁ A9 5683 at ed growt h fact or
receptors, their substrates and nunmerous adaptor proteins. As described
above, activation of the PI3K/ PKB signaling cascade has a positive effect
on cell growth, survival and proliferation. Constitutive up-regul ation of
Pl 3K signaling can have a deleterious effect on cells leading to
uncontroll ed proliferation, enhanced mgration and adhesi on-i ndependent
grow h. These events favor not only the formation of malignant tunors, but
al so the devel opnent of inflammtory and aut oi nmunedi sease. The PI 3
ki nase/ Akt / PTEN pathway is an attractive target for cancer drug devel opnent
since such agents woul d be expected to inhibit proliferation, reverse the
repre55|on of apopt05|s and surnmount re5|stance to CytOtOXIC agente in

o -, o . S o, AAa



WO2004006916; WO2003037886; US20031 49074; WR003035618; WO2003034997;
W02007084786; WO2007095588; WO2008098058; US2003158212; EP1417976;
US20040582@0100882501247477; JP08175990; JP081 76070]. 1PSTAB009/8¢7SHe and
pyri m di ne derivatives as pharnmaceuticals have been made with respect to
antitunor, anti-inflammtory, anal gesicizand antispasnodic activities.
Especi al |y, hexamet hyl nel am ne or altretamn (HVM or N2, N2, N4, N4, N6, N6-
hexanet hyl - | azi ,6- L L Whi ¢ a en
devel oped as aﬁ’a?o%{fe %&?a'ﬁ'aﬁyu#g%aa% %rt%]ée 4egtn§p M&‘r‘ﬁ%} (%&%
acts as an]ﬁ’aoalﬂu@] theé réignhnd streamhals pel lmtmchert V@dqmbanenhsespewmylofratﬂmbwcal |y
active ty Io 1 H has
been marke e uro%gplh}% Pg@ e /fn F\S{)ﬁts %S%ﬁsﬁneogtfjeagé #gﬁ&)éo nt rian
and smal | qungd Ior Ivamy d:&n@eample(ﬁtetﬁatament tmat filpe mstrpmpamd@aeeémawmgemrﬂave

[weozose: ST BRI 5! SRt B R Al R i et

CONTAI NI N@T?HE"/GNEFASC*AWU\ME 1OR@EREHDh EApior, Kawashima et al., Filing date:
26. 04. 2002; WD05095389 (EP1741714), "HETEROCYCLI C COVPOUND AND
ANTI - VALI GNANTATCNDIRg AGERITOtOBNEXEMNPIRG  FHiBodnemt, AS MethbyFof| NERERItIBNTS, a

Kot bt P o R PO B B0k v

COVPOUND AXpandersvEvhergirREDe EhifcbargeHaiegsurecel alsecoml ekpandgatie lowier theg.tR€@05;

W00990513 I fi

AGEW%%W%'S&N' (e PR AR LR R E Rt Bes atjeast 2

dat e: o9rtion 9fthe|refriggiation recuired éo W@ﬁdbﬁaamead devel oped in research
I aboratorl es of Zenyaku Ko o0 is the first orally adm nistered triazine
conpound highly active ag& g&PEISICfB{BT'Q%QFcTF@DWIN@ﬁ ent antitunor
activity agai nst human cancer xenografts in mce, wthout evidence of
critical toxiclby fpreagingHbriesisugmary,jasivel| asthe frllowngi detailedcdaeasiption of

I nsti t ut e exdpIaf> erBdimeHR6is] be@éTWe‘}stbéd GWhe%;rFr)eﬁd)rme&anuﬁéﬁoh NRtPith@r  Of

class | phosphatidylinositol 3-kinase isofornms [Kon Cancer Sci,

98: 1688- 18eREded@irawinaediar dhey pawﬁwalllher%@mmmamté of theunvertionathere 1 10
al pha bi ngi ggowlis thbn@r%ﬁndd%hb?érﬁ%a%ﬁs‘fﬂu&ﬁ(orﬁn@f 'tﬁ@'lméntlBhehg\Fv@Wr thé

cancer cells [IP of AstraZeneca:

W00802318HYenigngd 3wd simiteghte dus seesific Wegmgenstmwmeaﬂlsmeoémq
W00803207 drawiifga8032086, W008032089, W008032091 ; | P of

Genent ech/ Pi r anmed/ Roche: US2007009880, W07127183, W008073785, W007042810,
W007122410, WORiGlr 1152 WER) ChaR lifstratiM§RR0eHe 0

V\02006046040 V\82007042806 WO20071 22410; | IYDT@? K%B% ﬁl’{mﬁa@:@éﬂr s%tg??g%d
woosodBosaEth odrnYeiRg a?R?"Mé”r‘ﬁipr&ﬁ?"tt'rﬁM?ﬂF'o%pectrum of and increase
antitunor acti %l ti eé ? rTFounds active agai nst Pl 3Ks and/or nmlTOR,
the inventors E9HS &dSSu 'OWrﬁhéH Iystratipg, @nexesiplany | 9gs; ruefaclon isystemand and
pyri di ne- pgRd idipadpeess of theprebontsniehadar ed new het erocyclic conpounds
represented by the fornula (1) and formulas (la) to (1i) which exhibit

SF?T 3K T EI gl o9 E@lérmf'w guwamgrmmstdanm dnké[v\oozosdsdjg_ b (Eﬁgggg%t?‘% find e
I NNI DI [ Or S I SCI 0Se e
\/\020050955%‘8@‘ ARG e“v%é%%‘é%‘g %ﬂl 864665), W009905138 ( EP1
02046 Ast r aZene 7080382, \WD08023159, \W008023180
bar ﬁ@ﬁ@%gg%%ﬁééd%"%gaﬁwaw\&aﬁs'w? jon RSB 9Y 7

MBOBZOB&etmﬁW@&pe\é@BW@@@m ifRiehtigred/ Genent ech ( U82007009880
W007127183, WO08073785, WO07042810, WO071 22410, W07127175, W0O08070740,
WO2006046031 FME@)BGQ%M che@2 0Tyt 50) exeMfaoan washliquBfactisr dy£t¥¥0and
083456) arq\d Navavr0 %V\O)?O 4786{, V\(iI)809 058), the inhibitors of the

i nvent i on™gMPPAIVONING ARPECR M RIS VR U om i n the basic heterocyclic

ring that make et i ol ggi.c I vit t he target and/ or
hthe fnserti oo & Hader ABrERa AR PhskenBihlRierBo iR FREhIEET .
nor e 3rt i aed methodrnevobaigadpeets df thd preserpinveptiorat e enzyne. SUMVARY OF THE

| NVENTI ON The invention relates generally to new triazine-, pyrimdine- and
pyri di nebased Giguievas il gsapil tllsirationsef the ¢doéingisenies on sapentdanaaevith an

di agnosti | so relates to kinase inhibitors and

ki nase di graﬁééét ?(ﬁzt ofmﬁglle@}éﬁtﬂﬁveﬁﬂs@n“ on also relates to phosphoi nositide
3- ki nase (Pl 3K) and mammal i an target of rapamycin (mMrOR) i nhibitor
conpounds with anti-cancer activity, pharmaceutical formulations thereof,
which are potentially useful in treatnment of disease, conditions and/or

di sorders nodul ated by PI 3K and nTOR ki nases. The conpounds mnay i nhi bit
tumor growmh in mamual s and nmay be useful for treating human cancer
patients. The invention also relates to nethods of using the conpounds for




situ, and in vivo diagnosis or treatnent of manmalian cells, organisns, or
associ at ed pat hol ogi cal conditions. Specifically, one aspect of the

i nvent i orVER2ZBW MY 7conpounds of fornmula (1). Mre speci PCEABIYIVGAY aspect
of the invention provides triazine conpounds of fornulas (la) to (1d),

pyri m di ne conmpounds of fornulas (If) t4-(1i) and pyridi ne conpounds of
formulas (le) and (If) to (li): (1)(lIb) Triazine Pyridine (U=N Q G =0
Fused Pyrim di = eI = Niqii =<C Il (G =
C Triazine py?faﬁfeséb(%)géa@“ﬁw‘j%giﬁ% &Ethl\el) &0“% Cgﬂvg Ssq%‘eér:éggfdégggérvgﬁ ¥
georet r i cembp@mest ofithe pmsentsnverdiphat es, met abol i tes, Noxi de derivatives and
pharmaceutical Ly acceptable salts thereof. Another aspect of the invention
provi des a phaFigHteedt i ranhisapdispiration efothsr ¢asiing carvesiinZAoserdsnce Withr amvi di ne
or a pyri ginBsdirRAPSURS pRfsehtQhvBHtign(!) or one offornulas (la) to (li) and a
pharmaceutical ly accep?abl e carrier. The pharnmaceutical conposition may

furthe conpriggurng i®fa 18w &haddiiistanayd ahhéfeg(ﬂﬁ’é’r%ig(ésalgﬁgfa%tiéﬁls SkRdahd oM

antiproliferative agents, anti-inflammatory agents, innmunonodul atory
agents, n@gHedIBEINNG agneste<of theyergsentimientiorsat i ng bl ood di sorders, agents
for treating diabetes, and agents for treating inmunodeficiency disorders.
Anot her aspect Figere Rds i%@%["gaﬁ ilytsrating annPEMRRY gRs| liyefactioh gystem anthase
activity, m@mn,i“ﬁ,iw.}% S4pRER T tiOpraséfitdndehtigse Wi th an effective inhibitory
anount of a conpound of fornmula (1) or one of fornmulas (la) to (li), or a

stereoi soner, BiGOREIT isCaifPAEHart NBstFARNE an ERNHAG, gdiEicRRAICibE syde/Xakte
derivgtive ﬁ]rgdphar maceuti cal ly acceptable salt or prodrug thereof. Another

aspect® of MERRJIIPNPAIRG Pepis AF tRFresrit YEEtRY 8feventing or treating a

di sease or disorder dul at ed by. Pl.3 ki nases, conprising admnistering to a
mammal in need’g'gf"eshgf% g &’t%@%‘"ﬁﬂra@f’ﬂe”& ?’fFé"%{?fgpLﬂﬁs 'lﬂ“%ffc%’hﬁbﬂﬂﬁ@ #t
formul a (ingthod irvokiref adpetldf &% fresgntlivention., Or a stereoi soner, geonetric

i soner, tautoner, solvate, netabolite, N-oxide derivative or

phar maceutical |y acceptabl e sabETAILED DESCRIRTIEeNeof . Exanpl es of such

di seases, conditions and disorders include, but are not limted to,

hyper prol i f er ali one ekesgpialg esnbodingent, thaniqeefactionChrockssomape use Gud erpahdetdher

i 1 i PSR S50 4 M PR e lhSh £ Bl

gar di ovasmploﬁat tllieschamal‘ rgefbfzdaeh [mzpémc_ieﬂli Shasterm Caxpla hcclar}“ h’ary_ctiérgt_ay wggédnwne
i seases, ,at heroscl.eraosi,s, restenos psoriasi.s erqi s,disaqrders

| nf | anmat 5106, 8 SEUES SHehps A CEBiTHoRL LrhiRs Bh A Legbeiting TPeRdRr IRt «XBARS | ons

associ at egasmwhile prodacing estestal avotiat The processinaydia substatifiallli sentdspis and is

destructiyve b di sarders. .hyperproliferative disorders, infectious
di seases,° egnglg' Gdo e seg(Bé?sé?r}e/aorvf VRrSl? Ia(%%bzﬁ%ﬁ, eXRRN3IBi A9 n‘{!ﬁ?{‘é'&t ﬁl"a’t el et
aggr efat i isenthaipicqdoute-iiienhpspe) thrsttingutkaegha vabl) , | iver di sease, pathol ogic
i mmune conditions involving T cell activation, and CNS di sorders. Anot her
ﬁs pect o:‘_ t he Thevenldi expandens diischargehpcssofe prayveatlowgr dnart ltrmtwalng\_(@st) 4
yperpro V. [ .Sin istering-to a na . in_nee
of "sucn +BahBEss e BEkeu LRl By Rk T AR 98P one
of I f or mul fem (theaYlistiuarge iof theorold espagrdeo imsynter usegkionsibcoa thle lcﬁqaeﬁedtmuuunlter 1I
sol vat e, t e;deriyative or [ tica cept e salt
or prodr u-g%t ﬁeré%r%,ﬁt zgglygﬁgh%rd'?%at%nﬁlf nt§ igﬁﬁaﬁg?ﬁa%ﬁ%n r r%a}rgle%édagﬁqag%ral
conp(ﬁﬁ?d_sliqnaﬁaicti@.ar\.ﬂﬁe- hférgm pﬁbtéﬁrt&e;;asiwwmmyebettafsmaﬂch taefctq[oﬂr!\garcya&peffft t he
present i - PrAV a : . 0 | nvwent i on
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car zi nophembpﬁlme@tﬂhﬁmmPGnmmlflethby thecaps rnumb:hllﬁmrmlrnbllmiyn det or ubi ci n,

6-di azol - 5-oxo ta é ee‘i@!n'ﬂf‘ary MWR 'EK\ )as lﬁj.lg QtreHl?r\ Ef me' 2, strFam 146 from

nmor phol i no- doxoru I Cl n, cyanonorp oxoru rcrn pyr'rol T nodoxor ubi ci n
and d&dxytexdisetisrad nf hlgarnreiﬂyre:refrlg@emrmmmresﬁoru1<$arlammdewi infaatvee Btrearys i n,

m tonyCi NS48 ULty 3§trer£'rr§ Ry & &%Q%d |%39@%?\3hg§r 4 t% prBQ l&@éﬁ’l 948 3 which is .
oI|vonyC|ns pepl omyci n, cin, pu n, nyci n, rubr cin,
st r ept oni QWIdﬁd letpr%mt@&an(ﬂ QQ@r ctedam ZQBMPWS mah@smﬁnlar 214)raubu$:| n;
anti-neta aci d
anal ogs. oCate L GRMETER, YElentpadiral Sopfees:dt e OHE S, orXabofind g 7 C
anal ogs s(rffigesantt |\(apgrizationemayiakemiacgpo dptiles nfer et@malm pudhras, shetfiangtube ne;
pyri in n i r-of ur,
Yt ar ubi nec Gaang e uirE BoiT L ApeR oRCAE sl fife oR MR I Fiaufé'e!

andr ogens Rg&dvngwtre@m (4% isopembided vitht stesro rRﬁOptcofﬂrmnatr@m €50t thet eatens |

mepi ti ost gpengbesiedl act one; anti-adrenal s such as ami nogl ut et hi m de,
mtotane, trilostane; folic acid replenisher such as frolinic acid,

acegl at one; al Hbﬂﬁ@@ﬁﬁﬁhﬁ&@ngﬁvmbwe@nﬁn@Iae\ﬂlullstrﬂﬁed im€igdre énmatmaaga$
ansacr i NejechesicbalP Y66 ! + i t; pe;

di azi uoneee eIfornl?(%lrcl’regkéﬁPb ﬁﬂﬁ”ﬁﬁ?%%é?ﬁ?éﬁtgﬂﬂ%ﬂ%&ﬁ}@ﬁ et og Iu0|d

gal | i NFRMBAisES d\eRsoRPastage ‘Pfé/rﬂppﬁ%l'ﬁs ligwdirefsipeniant: Thay@wt@grﬁsream 80th as
MRyt ansi Npagnk AQRARH RN exBhiEH AN %r%h@é(%%ét%?au TRBIGISRIR 1102
nitraerine; pentostatin; phenanet; pirarubicin; osoxanYrone podophyl l'inic
aci d: 2- ePAgEMpdreigamNt fﬁ?’@@dﬁbéﬂ?ﬁ@ 3¥85KRY b§o¢%la@%¢1a\ﬁﬁhd%tfﬁ@ohﬁﬁéxhke
razoxane; sddnt 956 b Fisure9fidn@. Spi roger mani um tenuazoni ¢ aci d,

triaziquone; trichothecenes; urethane; vindesine; dacarbazine;

mannonust i ne; RefgBraYAN tystams RAANGI 22Q)imah beneambined yatasonee refegertionsi de:
t axoigls, &ysfem, f-SAé%rSIE (AR Ghd ﬁél?f@#efné&hn%tt &;mr{&y ﬁwesanré'llt%me ofatﬁgwgf m

( Cr emophor - free), al bum n-engi neered nanoparticle formulations

pacl i t axeleataxghangeoTERe(hoth M@biral aaseRNd eRet sfegerasiaseramsagesied 4y tube

chl or anmbgigdults, f@%ﬁféﬁé ) TR Ritfdr i BBpreBof BhPERIBhES: arsr%Fé%freBQ%Hn%

met hot r exat e; pl atlnun1analogs such as cisplatin and carboplatin

vi nbl ast i ReotepYsiRmES ad luslraied dhfigwe & t oxant rone; vincristine: NAVELBI NE( 1)
(vinorel bi ne); Ing@ %HBﬂh@ﬂ@xerﬁﬁ&gm&ﬁnerﬂdﬁﬁd 8 ALStratd@ i PIGUR 2 st@RFHPRY eri n;

capeC| t abi ne (XELODA(r)); ibandronate; CP-1 1; topoi sonerase 'i nhibitor RFS

2000: 3i f M@BrRSMERdo it ttWPnErqamsrdpe. (A4f.i nSireamsdftth may petsatack imdeat and

phar maceugichahder ZRCRPEBEL& SPddns ,4490I$iaéaand4ﬁi%vada§§%e9{ eRMnGér 318
above. Also included in the definition_of "chenotherapeutic agen are: (i)

ant i hor mof M3yt xPaRded i exRagdedift aResyhing gleam 448gpan Ae cambmﬁ With

tunors sugkeaass %Eénoe’ﬁézrl%g@r% stidtiin 964 At h1\é? erneé;%apéxcﬁaﬁédr@ﬁ@nﬁth(e%%%)
i ncludi ng, for exanp tanmoxi fen (includi ng NOLVADEX(r); tanoxif

citrate), m?ﬁ@%bﬂ%ﬁ?ﬁém‘HWUPE%PY%%Ea”%ﬁd FARESTON(r) (torenifne C|trate)
(i1) aromatase inhibitors that inhibit the enzyne aromatase, which
regul at es estrogen production in the adrenal glands, such as, for exanple,
4(5)-im dazol es, MEGASE(r) (negestrol acetate); AROVASIN(r) (exenestane;
Pfizer), fornmestanie, fadrazole, R VISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis), and ARIM DEX(r) (anastrozole; AstraZeneca); (iii)
anti androgens such as flutam de, nilutam de; (iv) protein kinase
inhibitors; (v) lipid kinase inhibitors; (vi) antisense oligonucleotides,
partlcularly those mhlch |nh|b|t expre55|on of ~genes_ |n 5|gnaI|ng pathmays
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hydrol ytically activated or converted into the nore active parent form The
prodrugs of this invention include, but are not limted to,

phosphat e¥@3AtISBA7Ag pr odr ugs, t hi ophosphat e- cont ai ni ng PETAB2A0Y407519

sul f at e- cont ai ni ng prodrugs, peptide-containing prodrugs, D am no

aci d-nodi fied prodrugs, glycosylated pctedrugs, b-Iactanctontai ning prodrugs,
optional Iy substituted phenoxyacetamn de-containing prodrugs, optionally
substituted ph f. si ne._.an Ot her
1 uorour o JLenARe: AT SRAInES BhR IR B HRES b ¥ Sefitr

cyt ot oxi c nfayebe cicogmplishedph es sequesyiaotaxner. diStrgamt E\@& ntyn bé ecoddninedawit ed

|ntoapr vention in ted
commosean S e Bhed Hiral telaublinalineripatitt Ppedtde 258, hotor
descrr bed ofitoaamm 160 mwtbelmlrirallg warsed iphealraxchangendd6 dstreddnm 61@)hamdehapbéi sm
|nthebog c g v arpgef Nﬁéb‘m@ f
corrpound m\x;paq’bde8 'ﬁggﬁgnrd %%gfﬁ%gﬁo%ﬁ %" i té’c%%f'aeu@se ovﬁi} :?5% r{‘%)zbgfltogand
their act tolih'emm:hd@leqzreﬁsumjoﬂfs@agderel%s such as those descri bed herein.
Such products e i dat i t
hydr oloysr S, m%?}é?%oﬁég h-'e&?n[{ed%%(r%gme% B%t%@e% F @%gfg g@ 'gés 3rg| U%c'lgﬁ 'ggrant
enzymat i cccrlnpreeaqe oramdy tbleecdmiieed ofitht Steeamal iSAI tot pméubecsmrqzmurﬁM which is
vent 1 oncomplsiSen R Biiepe cqHieESa, B33 R ol RSB HI S Sl 8o ng
a conpdund4dfmahibe cmmenesse:ch lrwcpmpaessammb lfooproaiuperstr(edrno1542|atethsy$aime| ent
Lo Yhel o BratEhAR A O Cind BREG0brcoinl MRIFAE b BBhbrpk S bR,
is useful tﬁeoessaeatedeqoytsoqunMnergst(reamﬁM% andh§4$>mw bersplitin@Rstkéana §47 and
'ngm: tor E’éﬂ%ﬁ%@'ﬁ?&(?ﬁgfl’?ﬁg&?d .rPRéétOé?é gcer%ﬁfﬁﬁﬁ%o‘&‘é‘é @R@%%'&sggﬁ‘%é ygf a
I or mat i onillustrated airFlgwetznetreargﬂtd?mayfatwataeheat@f(cltmtgeogiltahd {nauribreanlcreled "TIhed .
erm gpac sed to refer to instructions custonari i ncl ude
in coné)rer ?g&rbmkg g’eeéﬁg élt her apeuti c products, that contain inf o)r/rratr on
about the i ndi Eﬂae sob@oleldsrag@ctdasagxy beatummfﬂobtpradpwenrpresmnravmm 8290 Thas
agﬁ{ ?;l WaFé%' Rﬂé stfrg%ng{og:: A bd'Fa Vﬂé@hﬁ[ﬁzo?u@ﬁ% Bg@ g%gﬁe;rﬁglgfz&ﬁj%ﬁﬁ S-hydfiend erm
nonsuper i tqﬁbrsa,bfror exgmple. t Btecam 106 rmayrhg sepanatateinto lguid eradust 53 and dlesi r al "
refers to I I
3{_%&%@5 |ﬁ§ha§@é%3ré"t5re5§$'%qf JafP583hia b(erl:o'icpgérﬂprj\%h cﬁln do'r‘rgggs&en tical

part ner. term "steredl soners ferd 10 Corpoun
chenmi 2l 8%h4e ipraduce stredmt 587 thakmayi behat egemaeltawre rf@sertpathgéﬁeneratnre tofie
atons or QRS 1 Ge t r r Qi th two
or nore cglrrrters 'gp éﬂlar a4| t@gﬁdséﬁgse m)ﬁqrg%ﬁ] ggég?gy %IOS% %Qr\'?%ﬁﬁprr%erg of
one anot hevbcoples exehrangae $2 loaire adiepheate heatpexcbpoggr ggaist atpastion ef sfreamel t i ng
points, begping points, spectral properties, and reactivities. M xtures of
di astereners may separate under high resolution anal ytical procedures such
as el ect r ophor 8pamb8d redr kerwatoedipHeat exgiangecti te predifcerstregmt §¢ which
st er esy SORRL $eint qﬁgmg £To Y oY I |5@,ﬁ of
one anot h?r211 §t er@%rc em gal def%ﬁ?%ﬁ%ﬁ?quﬁB%H%%??%ﬁgsg]sesyg @r el n 3y
gener al | ybe dypigallyscorpprepegdid9 | a thigher MprResyred and pped iasnfuel fof oTReor gwre Ter ns
(1984) MGk auatdhs), sBaRkt & NGFHIngR5, % e?é&f’rc'él rn%{ B¥eMidRation; -
Stereochg%rn s?r (jofs umﬁ@(ﬂ%ﬁ%un A 6,%5 ohn W 0"’(S(Bj_fr?sr(?) eW; New Yor K,
1994. ThefoGH%’BB'ﬁds of the i nvention may contai n asymretrr C or chr ral
centers, and thge ¢hRECmBHKiStiohs |mjsft|fa?éoem Fi RS 80t s%ﬂU@ﬁtlaF eg(Bér@fon | arkifel
|ntended that all stereoisoneric forns of e conpound he I'nventi on,
i ncl u¥f nggasaouRduel Fqﬁ‘@féélsqfoanﬂrr%@‘@r”@@rféf@eraé'ﬁa qu@rﬁ?ﬁb Qﬁ% redy @[sosefrer s,
as vel | agpglicxbidtéSonridBFehs Sttith Ané aﬁe%fernaré.tytgn%duﬁartm part of the
present invention. Many organi c conpounds exi st optically active forns,
i .e., they havEigUre Galistrates @9 exameplary: erabedisgat @f the PRecogbNG refrgeratiomht .
| n descri BjJiomaRpRRld rﬁ@'rdde@?h‘ér% §0§99érﬂ%30t \Wﬁrcﬁrn%ﬁ B ngé’de rbfrigBfank and
S, are used to denote the absolute configuration of the nolecule about its
chiral ceRR¥P(ayaturalgagfeed. feay be saeled ippegt-exchgige system 62@ feArwpeanding
desi ggmat etd%teﬁhéﬁ‘z@bz@ Oirﬂtdz@rbrpére%@é‘gguﬁei )ab y&Rfsttdagh63Ry the conpound,
with (-) 1 meani ng that the conmpound is |evorotatory. A conpound
prefixed vvrth (+) or dis dextrorotatory. For a given chemical structuré,
these stereoisoners are identical except that they are mrror inages of one
another. A specific stereoisoner may al so be referred to as an enanti oner,
and a m xture of such isoners is often called an enantioneric m xture. A
50: 50 m xture of enantioners is referred to as a racemc mxture or a
racerrate The term "t autoner” or tautorrerrc form refers to structural
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pharmaceutically acceptable organic or inorganic salts of a conpound of the
i nvention. Exenplary salts include, but are not limted to, sulfate,
citrate, WOHYWB827dxal ate, chloride, brom de, iodide, niPCEABWOI/BISH f at e,
phosphat e, acid phosphate, isonicotinate, |actate, salicylate, acid

citrate, tartrate, ol eate, tannate, panfpathenate, bitartrate, ascorbate,
succi nate, naleate, gentisinate, fumarate, gluconate, gl ucuronate
saccharate, fo t g t S e ate.,

et hanesul f onat ﬁe—rq@k?%ﬁgg%gﬁéjﬁ%ﬁgt E&'gﬂ? c‘ISm es;sgﬁpﬁn%k qupa% orﬁaErB}r% e és%é)r ts. A
phar maceuResuitingy steeare 02 hay beltetaliyagoridenséd/ n cdrelensey] G0 ohlqorb sireanh 606
count er 1 A e tRrsBibd SRk ud7oth BardiolaBheed RSt R B hEal e
char ge onhetaheemaaregﬂ sysimp)\oam to I-‘pnodmertvmmasa ﬁtimmreﬁﬂeutwmmi h;ayatheepbabl e
il i & Rar B phold s ara G BSC Py allr phrdrt ot bt oY BrbBie AR T O,
have nul tthplstages aitep ascmblthrﬁee&sece straginar be bquid pattiop &40 ceay a@ltmrottlad in can
have one r h
Compound v B afd Bafiefly Ongeg i rRlRRbrolRlE sRAbOIRRL of Py pipniide
accept abl %lst&m 162%9 poedyse dyaipbdsd ptreary &8 walahenaxetﬁwcbea%pdratbﬂ én iphasene

o ARO[ DR Ok 1151 8o AL n kR 0865 BPhh 251"
met hatfes @ ffmditttn-atﬂsdtifepﬂﬁ@gphoma:“m dor&nd 616 endyi beethraftiedhint \hal\em6b7f gétally:

aci d, t cat

aci d, mat\gi I Iﬁ%&gﬁ‘l th& I%ﬁge s°s£j(elaéc\}| ggra?rﬂlcgrﬂ gt é&hgnggg*/&é& aC| ﬁgﬁ)gw%&am d,
gl ycoI i c ketween el stages ef B as adowpressurs %isﬁlanaﬁiﬂ Tbeneforasreg‘lg&wloonn@y aci d
or gal act

Cartar o b gpiesdl fredRrpotie e tlespEhding MR {iSe Wpbh B ElEs.
aromat i c thelsg,possible teshavermerecordess than tbrerermgraéw’swndateweraumtprwucﬁ such
as p-{s0l ugpgsul fonic acid or ethanesulfonic acid, or the like. If the
conmpound of the invention is an acid, the desi red pharmaceutical ly

accept abl e sal $treany 608 rmselp%uséresrwwahgt 3 presabrechigeertiban theoeritsabprsssyre,

treat mentsoPEidisolb c n
e A e S o
li ke. |llagepss flyid @@nﬁuégrcwca&@tr@a@l @065mawaeonmeua@artmmqaudeaftﬁntbenngn t ed
to, organhit ts derived fromamno acids, such as glycine and arginine,
amonj a, primary, secondary, and tertiary am nes, and cyclic am nes, such
as pidderi di ne,FigwepHa 1hslugtrate (Sirpriticat ipkS oh it pn@mganurv;esS@rtﬂse gxemplady f r om
U U e e T e e S EP BT crerarders. e
that the Kdbdf&ncligure E*ammntweﬁagxcr@eg%mt iAs enelsanisesl Withdiawingr

t oxi col ogineah ¥s6 Wghlichhl§ iRbhses ithE LRRieRB) Sf HABchhd & |

and/ or the mammal wgel ﬁg ?r'gltgt edst her evmet h)t( A%so vaté(;l:g @Se}rég%t'g&éé%%s
associ at i18p sepcoelansrehanger b or nore sol vent nol ecul es and a conpound of
the ixgventi on.inEeaERbMEr Qierﬁ&hﬁﬁ%ﬁoélﬂéﬁt fa‘?nﬁrﬂ§ﬂ?ué{|aatt§§ in ﬁ@ht]éd? §teﬁ1r e not
limted to, water, isopropanol, ethanol, nethanol tate
acetic ach@y bEnysed HRUAMATAlA Migurahb bewewernihe @taéequer%frlgerﬁet m?e/ @mvpieex

wher e t heefigbitibh AOLAG USSR 'p?eéé@?éareveTheFéreé@mﬂéOﬁfﬁtdéeﬁar%(eolir%ss&r‘éf g s to
a substituent that is comonl bl ock or protect” a particul ar

functi onaﬁ’iP?S?d%ﬁsé“?iéﬁ%W‘Pﬁja’Blaﬂﬁé eraa!mﬁ ?%Wﬁlané?folﬁ% Yreamh &S ey derselit For

exanpl e, i3 straBmI®ED HHdesH4l RY JERBR Stfean sslbﬁ{alytuéqnﬁro&kbafw% ér%u%meam no
group that blocks or protects the anino functlonalltélln t he conmpound

Sui t 201 e A KPREINGH HaLeftarisgbenolan sxchangrLB LD alcan plermedia e@at@a@efryspondmg

t - but OXYQ@ﬁMﬂﬁhsnﬁcﬁp@tweéﬁﬂ?é/ﬁ@é{ﬁ&j Qﬁ’d’%ubc%@ﬁhg sectlolns There it may mleW|th
nmoc or a genera description o

9-fl uoren h enoxycarbon
prot ect i r‘éa [}%’ss teern t Hei r ggm %t'@emy ke withdewe abaptiptermediate, 9gation

Organi c $Mf|*ﬁd"ﬂ§étsexc9|§ rW1|Oedbrl%s§9rﬂ§ng NeweYRarsitiohLetweenT fHe Er%EWm cqgeound
of this |nvent|on npounds of the present invention" and conpounds

of fornullgue Wgcﬁec%‘?ﬂ? 3l eP‘BWﬁ'I?I a"’s‘eitleé?hqf‘@e(?w theretara.daay. Bams! idansed.
formgba (With mbstaeRigefant sedih #%e hiddle I'tiJefylldd se?igh St er eoi somers, geomnetric

i soners, tautoners, solvates, netabolites, N-oxide derivatives and
pharmaceutically acceptabl e sal ts and pr odr ugs thereof. The term "mammal "
includes, but is not limted to, humans, mce, rats, guinea, pigs, nonkeys,
dogs, cats, horses, cows, pigs, and sheep. TRIAZINE, PYRI M DI NE AND PYRI DI NE
ANALOGS AND THEI R USE AS THERAPEUTI C AGENTS AND DI AGNOSTI C PROBES The
present invention provides triazine, pyrimdine and pyridi ne conpounds, and
phar maceut i cal for rrul at| ons t her eof V\:hl ch are useful as therapeut| c agents
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and stereoi soners, geonetric isoners, tautoners, solvates, netabolites,
Noxi de derivatives and pharnaceutically acceptable salts thereof, wherein:
Q = N, GWOR00WS827R (triazi ne-based conpounds of fornul RETABYPINYHSMd)); Q
= C, G=C, U= N{(pyridine-based conpounds of forrmula (le)); Q=C U= C
G = N (pyridi ne-based conmpounds of formula (le); U=C G=C Q=N
(pyri di ne-based conpounds of forrrula(le)) Q=CRZ, G=N U=N
(fused-pyrimd ageRd Qﬂﬁs Li % CRZ, G
=C U=N (fulssgﬁa@yrl drln% bas oun ?héd et 1t|8t<§ UCF%EFF%W
wher ei n RStEaMANanacle wrnhme%entgrstrapmcﬁﬁﬁsm Praduge @fream@64h;81we@ge&3§4 nay
cyano, (3} o i t 0, (7)
8 )ehoﬁr 38 p ﬁ@ed?ﬂ%%(ﬁﬂ(ﬂgeﬁ 445 f%rjnpgre%m co&ﬁl}?él\fvl{h Q%M%SB

sul f on, nker noi et ophobi ¢ ers ydro
(pegy! at effom threvasi, enshof lea|exokaigee 810 nanst @tmdmﬂadmrtba@ucm ofl refrigatang

| i nker k I G
could %Za g&??)rl?(%%%}p :§0 e | B%éls}d%’t Esgﬁﬁ%le?]‘tg B%Y”Q‘ﬂg‘?'ggég%%% afg?d) eggﬂ’ er e(rﬁ%am
reactive gwemi?rs am!@)‘tercooers argrnot phown fof eimpticig- SI kV1 ) 2NR1ORn, - (CR 14Ri

5), NRLORi i , -
LS TRkt R Pt L
nS( O) 2NR1B® Ysed- gimilan to Fdgure - G hayeyer.1 the liqyefivy manmanger C(1£O)3NR hez$( O)
_Zg%%; é%qe)xdhu r%21 1§NaRr{}y§'1 Elizﬁ(ayYQ om H@j ér%§(hgé %F%ageﬂ%' é’t
C2- c31%il ké%émngftrz e and<§h§|mamlselbg @qnboeqﬁclau coqter emaﬁgereﬂb%ymﬁyybe
G6- C20 ar ?zfémbﬁ@@ vﬁﬂa rQ%@ eliglt\ﬁ{g‘éa@lb /Qf tree g(ct%nﬁéfsbé’%’cdﬂél a\ngﬂ%n F?(enyl

het er ocycl yl , aryl, het er oary where sai d al kyl
al kynyl , E%{F‘B'G%S‘/Elt?/la singiq éedc%)@hymgerafpyrexmde hé'thérf%# gas aﬁr@ampitopm by
subst 'c}u ut s@blau Wtr%”ﬁeétreim%g&r@w& rdmhea?ém@bh §ﬁ!§ﬁt§ﬂ Hagmffurﬁgh

|

4R1S) nNRPOQbm'P heat %mamam%}ﬁﬁe(@ww%m'aﬂy hque(@izgamﬂmmdpzv) OR 10 ,
CRLARYS Nngggag BARLS &me 5) NSO
(2R| 04‘F$-1N??18R| e E&o@'ner EQQR&% D) np and(agrﬂluﬁrg',teo&_shR %&TO( g%d%t%gjr ) n,

- NR12SO2RT@Y benysed S'mﬁﬁrmo F@(@)S Qewey) a thlrmméwaﬁmami@emyluded ap(mR
10KOR1 S(O
2(0r o) IR 4, T hiRchal pphac 3 may oS The Whigeraib B 020 in | oL
G-G 2 aP’IQV'Id'"ggeﬁ‘? r%mrﬁgprbfebe&ewdtnsdhmawua|r%féw1ant dphmsm?émsgrearmﬂstt?u t ut ed

C2- Ce al kynyl , |n0gHoti @b pRirpefbbaibRA 0 |
substj tuted C2-C20 heteroc§M{0 ,bbo tlg%dg}z%ﬁgﬁeﬁ?ﬁ@l}%& QE&QQ@‘ fhyy nd

opt i offal | §e gBdtsmiaretd agerez@ H@W@V%rartm cold pxpander dﬁ8®assbewhmmcé| n Rx

and Ry arg bﬂéﬁ%ﬂ@l@é‘id s&@ibecaf% ligumet Reat ExeHEhde? 330 S tPraGoBled da@eous
hydr ogen, @;2) cyano, ? hal ogen, (4) nmethyl, (5) trifluoronethy 6)
sul f onani @yiderant SérGP‘F"'oh 148 1) emaﬁﬂ 'fhﬁﬁéﬂqbe ek HdBSc, Rw&imsp%plan d

phot o- c| exeiph €154 8dR¥Ed t@ﬁmelfpmedamfs@dseeéd w@rf&)exaérﬁﬂe irh ﬂ#éqrquaﬁér%)ét Wi th

coval entlg bonded TAG— nmol ecul’es (a TAG coul d be a fluorophor, biotin,
di fferent Beads and different reactive groups); the linker noiety

bei npssel ect edm.g @%hb@rﬂérﬂu@dlﬁ@n%%hwaﬂp u@QfTul ﬂﬁ'g&dﬁcﬁéh@hld‘ MG 5&5 C20
al kyl , opt.i onal I@éUSUbStI tuted hal o-substituted Kyl', optional

subst i t ut AdWern ¢pPeRlE% angss: i AASSS JETBRATAIUIY (RANGESHARY -RGlkdS: |fPU?é%I“E’ie c o)

al koxy, optbemal3zrcsihsore ubeet)Cl- C20 pegyl at ed al kyl; the tag nol ecul e
bei ng selected fromthe group consisting of: dye nol ecul es, fl uorgfhore

dyes (for exanpMd BB@PPF! “bFo fess sHiled e %th}ég‘i PraseeRling systgmh b2Q) ifer

resin or RighRastrhie ber @pRickd cwnremr‘azidﬂ.oasnr ¥hpaitter ak OF FA§@eaid, dor may be
fl uorgacetam d | or oacet ani d, braonoacetam d, photo-reactive chem cal

gr oup¥ o?(’ft?rgﬁ'etoctg? ashAngge 114 @gdr Hiese 2 oh “’Y%ﬁé‘fq’\?érscﬂr@n‘l‘%l ofe {RIPYP; R3x,

R3y, R3Z cawﬂné??xﬁeafbe liutteqien @iy Inays B¢ AtRakgh rRMvé RIFfBEAUResRRSY Wwith B Of !
hydr ogen, NR1OR11 ngR 14Ri 5)tNRi OR i, -

C(R 4Ri 5h ﬂ*mpé%isu% Pé’%'“%”(gﬁ “é@é?ﬁwﬂ@@x RAi®S, intregycert beiyvegn e - (R
14R15) n%w%ress(uﬁ?retﬂdﬂ@t%@reé’d& afd the KiBh-bAdtbude RBiderarm NBHPRIssdr as in

rg YYOR10 , - Cf=Y)NR 10RL 1 , -C(=Y)NR 120R10 , -C(=ONR
125(0) 2 8“‘9 NR12C( =Y)NR 10R11 , -NRi 2S(0O 2R10, -NR 12SO2NRLORn, -S(O)
2R10 35 - S(O 2NRIQRswing af¥¥6ne Begacts & enfdédmnents GF tHelpresérit Whplicalioks8
al kenyl, C2-C8 al kynyl, C3-Cl12 carbocyclyl, C2-C20 heterocycr Ce- C20
aryl, and Cl- C20 het eroaryl or where the C3 Cl2 carbocyclyl, CZ-C
het erocyclyl, Ce-C20 aryl, or Cl1-C2 heteroaryl is substituted at vicinal
carbon atons of the norpholine and forns a fused bicyclic norpholinyl;
where said al kyl, al kenyl, al kynyl, carbocyclyl, heterocyclyl, aryl and
het eroaryl are optionally substituted with one or nore groups independently
sel ected fromF, d, Brl11, -CN1CF3, -NO 2, oxo, -C(=Y)R 10, -C(=Y)OR 10

AAA RAIFN A /AAPF<NA A



(CR14R1S) nNR12S2R10 , -(CR 14R-1s)nOR10, -(CR 14R1S) nR10 , -(CR 14R1S)
NS2Ri 0 -NR 10R1 1 , -NR 12C(=Y)R 10 , -NR 12C*"Y)OR 11 , -NR 12CY)NR
10R11 , -WR2WASPBFRIO , =NR12] OR10 , -OC(=Y)R 10 , - OC( RY¢TOR0OYOLTSXY =Y) NR
10R11 , -OS(O 2(OR 10) , -OP(=Y)(OR 10)(OR 1i), -OP(ORi 0)(ORN), SR10,
-S(OR 10, -S(O 2R10, -S(O 2NR1ORn,-¢B(O(OR 0) , -S(O 2(CR 0) ,
-SC(=Y)Ri o, -SC(=Y)ORi 0 -SC"Y)NR 10R11 , optionally substituted C1-C 2
al kyl, optionally substituted C2-C8 al kenyl, optionally substituted C2-C8
al kynyl, optionally substituted C3-Cl2 carbocyclyl, optionally substituted
C2- C20het er ocydlyl , Aomathaehbf jiquafitsstiont usirgd aG8eseioloap yrefrigerafioo piystenal the
substi t ut Ri is selected fromthe group consisting of:
(1) H F, %tg%%‘f&%ﬂz‘gg{%ﬁé (3) nitro, (4) halogen, (5) substituted
and unsubstitut@d alckylpress®p asgasepis (afigerantdtreamiib st lebstt o @Irﬂca;er;ﬁlor (7)

2Tyt 19)  subsiohur oo e ST gl B C TR KR T et

unsubstltw@'@ﬁrﬁéterocyclyl ( 1 1) substituted and unsubstituted

O oo ot B Sy Aot B o P o)A 0By,

5) NORL0 , refiggrant sttesym FOhexfisd heat eERaNgeN B) DFFE) ARRAIGR fo, progiie ¥y RrstO |

NR Ntk 0, -NR 12 NR 10RLi
- NE) 123%%54'"cjead sg%dl%ge@%ﬁﬁread&a@s 0 2(R| )o, _s(0) 2NRlog(n ) |

-SC(=¥WRi o, -S@)—Y) crolrg an¢1s®st@tlallv<wquetvmgc& dedcbrgas, sttear@skalfhmya
C3-Cl12 cag y);
R2 15 sol Sorad o iqsiedtfo s AR e seoiHRafbichaier nioff TLEl A
nitro, (4pxehanggagaingtat l%%ﬁb@tfiwtmomprmfdh@ fiestipxpandad gdsedusyrefrige@int stream
substit ut ed ARd fikspabside ut ed al kenyl, (7) substituted and unsubstituted
al kynyl, (8) substituted and unsubstltut ed aryl, (9) substituted and
unsubst it ut ed MéeeimHefirst expandest gasepus efigesant streamisxtting thestrshexpendenis | y| |
(1 1)5SUQ§5§t£Mtaﬁ g&ﬁl unsubstituted cycloal kyl, (12) -COR 2 , (13) -CO 2R
, (14) R 2aR2 (15) -NR 2aR2b, (16) - NR2aCOR 2b, (17) -NR 2aSO2R2b,
(18) OCOR 23, #219) Thermethod( 2H)#1, Skurtrer * ggmprisingoRubcoolipg 2ihe. SopieR2aNd and
(23) -SO 3hbeaiahy | @é“)ed'f*e@éf s "8t [ A |

| i nkers, photo-cl evlgab le T n%e?s er edéﬁ%ac??%% r%lakebg&ﬁ ée .RY{&&R%E ?25)
|i nker noP¥NRANGRT RIRIBStaR EeePRd BuPRNSedTORSERYS defligerant Atrears @dingdarscan

f I uor ophogxpdiagt, ivheréth ftihé 5608 d R % ABLd ) h v ups) ;
wherein R2)<'§1 and R2berare i ndepe%nt 'y g%l%gc?gﬂﬂ %nﬁ?ﬁ%ﬁé?%ﬁ@g{&%@{@ng of
(a) hsRir o§¥eANdepls sshptantiallytvaeeror unsubstituted al kyl, (c) substituted or
unsubstituted gsyl, The)m&HES of kgt GHefin H@b@ﬁbr’e&éﬁ&@flﬂ% Eéé&fulélrefr@@)ant
substituted or unsubstltut ed heterocyclyl, and (f) substituted or

unsubst i t §eaM S eeR &G #1\IsEWEibH: R10, Rn and R12 are i ndependently H
Cl-C12 al kyl, 8iRRYih Ry NYefrig&rantC st Frﬁhho%/clbw :

het erocycl yl , @(gc aFy ,' %r%%zo het e?goar?ll Sora o, togpet er W|th
the nit roﬁ%fﬁpﬁeés%?% they are attached opti onal I y forma C3 C20
heterpgyclic r(é)@éomrthenadombr@é&mgﬁw YsOOR NrighaRt 3(irh| Qr}ﬁétzh rér@%u?é ons
selected from N S, wherein said heterocyc ring is optiona

subst i t ut E¥MREERPTone or nore gr oups |ndependently sel ected from oxo, CF3,

F, 4, Br, | ,## - Crhe ntod of @wﬁ@re‘rﬂ l‘ﬁ%'b‘x‘éssu@oﬁh@ggéfd?ﬁlex Gradd ga%eous
car bocycIyI C2- C20 het er oc C20 aryl and CrC 20 heteroary

wher ei n Rreffigerant sjregm erlﬁ%ﬁ%awpyewne%& Bdowebthan, thej rressuge of KR firshr

- (CH 2) n- axpande@Gast iR Geffbelant SaRimEkitinY h ﬁ*sh%xé&rﬂfé? to which they are
attached formag saturated or partially unsaturated -C 2 carbocyclic ring

wher e‘?’Q'l Y is OFSs, dherethod of#] swhereip a first portion of tBe gt @xpanfedsgaseoyps = 3

4, : Ol‘efl‘ﬁgerar@t'"s@ebml fﬁon?the:‘}" rst &pan@br%o@ the %e@fg%%%meym tRrough fAdirk&iendat NY
cont a| ni ng)ﬁ bei ng nor phol i ne) and/ o R3p are i ndependent |y

sel ected FPYORNEKIT te seeong egatﬁxwﬁﬂgm'rqa@%ex Pf’dw A whereima segafdeRArtion

BACKGROUNGF thieGidstex@hhdby danebes fef aﬁt)’ssirte%ﬁ‘ﬁfr%%@ fifsbkpIRIEALIAS al s%cond
gener at ed@éo%oex‘?andl ngﬂgdaseous re erant in a reverse-Brayton R(;%C e are

known. Th hEWs cagied. s GeTRisEsed, ;9 geqysy refrigRrant Fmﬁa"@xfﬁ%{ﬁd@ﬁsf' dreat t he
gaseoss ref(dnagﬁé,aﬁta thitd B @Rélemhgkp substantially the same pressure within
tol erance of the pressure drop through equi pnent. Some systens al so incl ude
nore than two expanders with the col d expander. di scharge pressure being

hi gher than the discharge pressures of the remaining expanders. These

nmet hods and systens have potentially sinple conpression systens because
there are no streans introduced between conpression stages, and sinple heat



exchangers because there are | ess passages and headers. Further sone

nmet hods and systens use an open-loop systemthat utilizes the |liquefied
fluid as WO28IYAS8¥7ant . The previ ous nethods and syst en®CTAB2009/07E1%ct i on,
however, are problematic for several reasons. For exanple, using sinple
conpressi on systens and sinple heat exaBangers fails to result in inproved
efficiencies. Mreover, the cost savi ngs in using an open | oop system does
not outwei gh t fl d- | e need
for a nmethod aﬁ% S g@%mé M&/Pp& L\? ion é/\%ﬁﬁe tog(ea %i)%enur]edgggﬂqustoa

| i quef act therirst ardt @@bemﬂrrtWQuah mdrreqctd\esae)echaegé with @mppamntairefa@eretror‘BRl EF

SUMVARY tS need in the art

by providi'ng a sa ef frcient re em process for
Ly EBAbIAY of DERNESER JraNRBbiAt, ﬁc@rcg Rladh e

| i quefaction, #hd sﬁaﬁzrnﬁtb@d lof #6owheesinuthee vgperiding liedidaefrigaranficompdsesy t o

one e f Ym [ a od. | [ [ S u

cl ose?erg(gg re?ﬁaggrgﬁporne sbljsq'?éér:] o1 bB{anL" ﬂkbﬁ@%g%prgfhgh%gg{hﬁgngt E‘g% gf%? a)

conpr essi Fﬁglgérﬂ‘é%@eludmgé?‘ﬁ%eRaMA ﬂﬁ@aRQBmFmMMIDn@ﬂ@re;dnpr essor; (b)

cooling the ¢ res ef,

exchanger; (coégéxpafl r?g&gct%%gggt V\g{ ?&5 gﬁéggﬁ fé%?rpét ffér %teh%%%dsrrpr essed

gaseous rhkatyra Sa?’iteagt reamfromthe first heat exchanger ina first

expander to prayi derg fnréta}d K RN UHLrGIASAL URatliEl a8 Sicltachid ¢ 20! o I

cooling and substanti al | quefying a feed gas

subst@nt|%P?tgﬂgl'?rqé'eqtioée?wféﬁdag@t@ffﬂadmdFPﬁoaVsﬁﬁ%nd heat exchanger t hr ough

I ndi rect heat pChafgenRERds#AlvHe tthéa %ééf' s r@f? BlP f?earh Wﬁ al difrSde

expanded gaseous refrigerant stream rom? I'rst x and ér'el it he

first exp‘gfﬁééd gaseous refrigerant streamexiti ng the fi rst expander is

substantial | y #apor The¥heiod!of 3 ARl UoRbrisRY HEPhHoYa SEERAGIRRRh of thdFrb1od Of

| i qguefaction is disclosed using a se p re geratl n system

met hod cdPRNdach @aperuss reffgergnt S'ﬁ?mc@mbmgasib? rfijsta eypansiensinr ter thirs hnat

SUT Cam | Nox@nartyllr RinGSthY st SUEPBRERMGEr (cPlorh WaRthed GIBESRSISReHAIR SHRLRY essed

gaseous refrigerant streamin a high pressure conpressor; cooling the

conpr esseNdgefRliiag rtee rvragr@earqasgw%mﬁﬁlgemara stieast Wﬁbahe SREREIsged gapenus

expandi NGefigetad@Slredim fdxf i firet PR

ol T gor At Cotream Trom TR T 5P heat rttangor o TPt (RaREHRa)

provi de 3y st expanded gaseous refrigerant stream wherein the first

expanded gasegu® r efid GiafraRtor sk GRB 9%|Fd"§onftrbﬁ%ff t@ﬂ@ﬂgfdaneé@\gb

cooling to a second heat exchanger and irst heat exchanger;

cool i28g dAMIgSHRARS BlEeAT SKitina thedfirsf §xpagdel is Seated s thethist heatrexshanger mpr@ct

heat exchapgssisinld\sdcohd@xparddet. expanded gaseous refrigerant streamfrom

the first expander in the second heat exchanger and the first heat

exchanger: and@f) Q’l?o’é‘é@lopr% #2hiurtbeoranpriging exirastingairartion ofithe @ppeatsf eed

gas st reasirighiaat Sihednl AesQHAINIORE sBXSHIBNER cRERINGSE fram%pntmmea@erreeﬁ.oaaseous

refrigerant stream exiting a second expander in a subcool er exchanger,

wher ei n t3hdhe peeanddigsh Syepngss dsating &@r@g@cm pastioreahihexaaseags rafegsrants t

expanger siadmt e tHee R0 theak RRKINIE AFROUSMbRIHg B %Fmé& rg%@@%tﬁxl'éfhdwaﬁthe
second expander _are substantial 'y vapor, and wherein Er essure of the

second e ﬁﬁ@ed"tbag\@oG%mP@ﬁF‘?‘beQraéﬁ?usstr efEgpRNs streamr ei"H’ééh they oy BreSEWrE of

the fi rstcoﬁmgeget%geg@sr@tf|ag,gr(§m) gtgzeam According to yet another
exenpl ary enbaodi nent, a closed |o ystem for |iquefaction is disclosed,

conprising: a™éfriler ’a‘ﬂ"t?ﬁ i #bd’l"?ere'f‘ Hae rfertrhe@éreé@h%nernaneah@ thighpeatsi ng:

a first I&@har@éﬁb@’@&hgle&re&?@%dné‘@at exchanger fluidly coupled to the
first _heat exchanger expander fluidly coupled to the first heat

exchafger and *dapt'&® metha%!eéﬁﬂ "ahes’?'f‘é'afrrﬁ%‘fmf’é’felaf g¥shangetIBhine sEb¢qalest heat

exchangerexcrarget arta gx@r@nﬁgfe){dhghégry coupled to the second heat exchanger
and adapt ed to1§c a streamof refri rder ant fromthe second heat

exchanger: and dmﬁ@"ér‘fj Adth amipesin ithgifigstyhedd @sehanden anf dhe thisk heatpander

and adapte&dhér@ea@@emateaanatfrnssraﬁé@auﬂe@ngesegta;qoerrfé‘ar ba@aAgérsst ream from t he
first expander 2 wherein the first expanded gaseous

a
refrigerant stt dﬁ?t{‘ﬂg ?f’? g/fheés‘epé é?c%ﬁd’e?héx%‘%@ﬁfo?r@%ﬁﬁﬁ%@%seous
refregermbh@{g@e@r@wcsméd]meae@mdn@fpander are substantially a vapor
stream The term "substantially" used herein in the context of a liquid or
vapor phase neans that the relevant streamhas a |liquid or vapor content
respectively of at least 80 nol % preferably at |east 90 nol % especially
at least 95 nol % and can be entirely liquid or vapor. For exanple, the
statenent that "the first expanded gaseous refrigerant streamexiting the
first expander is substantially vapor” neans that the streamis at |east 80
nol %vapor and coul d be 100 nol %vapor. Accordr ng to anot her exerrpl ary
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appended drawi ngs. For the purpose of illustrating enbodi nents of the

i nvention, there is shown in the draw ngs exenplary constructions of the

i nvent i orWORBIWKFEY77 the invention is not limted to thePSHABO0P/BOTAEY hods
and instrunentalities disclosed. In the drawings: Figure 1 is a flow chart
illustrating an exenplary gas |iquefactigon system and nethod invol ving
aspects of the present invention; Figure 2 is a flow chart illustrating an
exenpl ary gas ue t

resent. | nvent Fagk ERE rhele FUE A U Bodod YR 18 RS PLadlEs

| i quef act refrgesgeit siraaan éxitieg gl highv piessurg caspreessor,ofoding apfinst eottion mfetheu on;
Figure 4 a e I | system
and net hogém IL' ﬁggggs&et%ﬂls@%%ﬁt t'réyrr\ Zés}('et fﬂr%v@ |%%§s4£b ?Tﬁe& ggéﬂgqa | ow
chart ill atsnnkamrngl rafmgeseélnplsmtymgaet dqrrcpmeeaetle@st opgstage drad/ametizml!iquid

i nvol v ng, S r

11 st ac R aaC e oG TRE Bhoikd P bt of i ofeldsB Robe i 1 Rston

i nvol vi ngsmwb tog fitsh@ogion f the conlethtdogpressed gaeedus riefriggranistreamn from

i |l ustratjan;.af 0 t he
present i {nh\%g'ﬁ%{l hc?tr?{1 Cgﬁﬁéé%r 8’? érgggﬁr?é%ﬁﬁgﬁr%%gﬁ%ar% %%p ) ?ﬂg %hgﬂhngé?rgur ves
in accor daseeond partiemofdhe campisssebgaseous prfigeract stieaemexiting theihpivpresure s

Or AL Cal cbhbUSta balledh thF AOMIBERAEY RO T B dance w N an

enbodi nent o esent 1 nvention; 'ow chart illustrating
an exthplary g#%9.i Eﬁh@mﬂtqdoqf #§§3sftuéheramhnr§mcme¢qwm therfgedigpestreannin a he
present i gas
1 et act f AR b Eta ot Bafod ol e (o ROTRARES ol ot Shb Slace b ABBEI fuka D07,
Fi gure 10f€ifr§3eaaﬁtlpﬂw torsigr (M of &8t rati ng an exenplary gas |iquefaction system
and met hod | nvghyi NgnaTRERSE P16 GNBFAD AU sLENIEREHAN rerfitafidrd Yidterhlrol S @
flow chart illustrating an exenplary gas |1 quefaction system and neth

i nvol vi ngPgseRitgdhefeediuasstreamand th@éh@ﬁ‘@ﬁentBEPKIQ?EDODESEIRWPfPr opeling tome
exenp{Ar ViMBeRoR T the  dimndrb Sieal §4deloRd rBfigERRE siFBYm V%eeﬁlaﬁrkqgéﬁjr@nd

the gaseous refrigerant streans exiting the two expan ers may " be

subst ant i 8AMRreseqs ¢y a singlerrepalesantal gefrigeratiecsystetpander . The term "expander "
may hereby be d r or a
oei procat i ng Meman s e B o SR e o ehec 330 O,
process nigfrigeeany ssemrfxting) the |hmfle§wfe camaresson exeaNding ﬁéﬁﬁt\n@ﬂl@n@fiﬁmm on
or rever sk eé’éi.' fis @éfﬂ&&%hpgtré’é?ﬁ eq(ltu%%@%i IécarsPBHé st fn a thir
(Joul e- Thonp son rottling throu? a val ve. The col er's di scharge
pressift e WHB@ IV‘(ﬁNé‘fngt wgnemaedwé rﬂtmoneszfpawd@m@re@ﬁeﬁc%se@esgef@sgmné to
achi eve celdlpd id warsatﬂga@%xcﬁ%ega&ﬁp%nr eérﬁb.aﬁbamte WarHBd @P%&ébhﬁfsge of
the col d expander may be used to subcool the [iquefied produc

ref ri ger aPRMIPR Sther EOMPESHEd gaserus; f?é”gﬁé?ﬁf(%@ta)“ éﬂ&béhﬁ@%@ssﬁé qaseaus or

li quef actﬂe@r@eryﬁ%treémtmr@ théeaﬁ%eﬁh%sam&%sémme@ﬁéérﬁétea@g% SN @5@5 i ng
curve of nat ur al gas liquefaction (i recool i ng, |1 quefaction,

subcool i ngf)#3.f¥1d esQling|tae S?ﬁ%“‘b&@@@ﬂsdrt@ @g@r%ﬁ?d SAF0RNA qu@ﬂﬁf@mieStEﬁaﬁthar ge
of thgs WasmRSthe hyRRESRFe BBYpla8sorh EM&Q%aPSidﬁﬁﬁﬁertnh%te%t(ﬁ%‘ﬁ#pf the
gaseous refrigerant_conpressor. The ed gas stream and/ or gaseous :
refrigerant nedlbe PhegEIesob¥s. afHBE‘?fe‘FO'?@'fsl"lgg%?“ﬁmg @G&Q”ﬁeﬁﬁe&ﬁﬁ@éouﬁ or

exanmpl e, jeftigaratt @&e4m! @amﬁqaérm@%&b%r& xsﬂngresme ekSAirdPs fitd PBABHAIWMOT
gaseous refri ger ant nay a recool ed a gaseous refri ger ant froma

third ex p%m#ssqdosasesamf@eqrﬂntﬁ@aﬁb?x'mm fasfy PEaSBGi GREMIreSIoRdN gdkisbus
ref ri ger aglpafbiére WBrhlMdMhk & pdhasd &t Soffont bretheaddm Reddedey RS refB¥rahe

corrpressed to the final discharge pressure in a segarate conpressor with a
suct iPh pHESEUM i Gt eah&xchanger. oind Hiencermpbiaisg dpe uwarmnads exBaRstassirst he
gas ori gi peHibhaf ko BbmpPrsses GAsEEIR ﬁéffngtemtcaﬂednﬁmanﬂ@rcomﬂa&s&e%sea@s

stream and/or refrigerant may be precool ed, for exanp he vapori zi ng
G RS ire g g (dow MERSRCCOHBAA Ee WAL SIEPS {60 AL
propyl eneef £3, wcocﬁhgxh@@ecowsombﬁ@ tRé lcbBPFBLS ,gab@@dsuﬁaﬂr@erarmtréam
limted to, R410A, R134A, R507 or conbi nati ons thereof, for exanple.
Envi r onmeRetag) e f‘Hhé’r‘i%‘ﬁW? F%Preﬁ%qré’athﬁtJ@éF exshangsidn siewi (P) ¢i%d ur es may be
preferred for off-shore or floating applications. For exanple, CO2 nay be
used as refrigerant. CO2 precooling mnimzes the physical footprint,
especially for offshore Floating Production Storage and O fl oadi ng ( FPSO)
applications. The liquid refrigerant nmay be vaporized at different
pressures in a series of heat exchangers, conpressed in a nultistage
conpressor, condensed, and throttled to appropriate pressures to be
revaporized. Wth a proper seal system the conpressor's suction pressure
may be kept at vacuun1to aIIOM/for coollng to Iomer tenperatures

Al 1+ - N 1 o o, o o o o, 1



expandi ng the same gaseous refrigerant in a third expander. In another
exenpl ary enbodi nent, the feed gas stream may be cool ed by indirect heat
exchange WP2R1H03827Gaseous refrigerant in the first set SCTABYOYBKEWangers
conprising at | east one exchanger in which the gas is not cooled. The
gaseous refrigerant may be cooled in thes second set of heat exchangers
conprising at |east one exchanger. The first set of heat exchangers nay
conpri se wound-sqi | I o) I : of haat
exchangers may #%g'rrpr-rirp‘ggﬁqgﬁgtg Bj? %-f@i’tr}lérbéoa e%l@l ﬁ‘ﬁ?@ﬂ%@%g@gg@%ﬁ‘ﬁg&?
exchanger deed gas siseanplseparpting/the trotiledsubecalenliquefied fdesdiasmtteamt ina phasd gas

stream may Pfrafb?ﬂlt@% llqQicPorBaat aﬁé%ﬂqya bf. %ﬁe\‘@h‘f@b ﬂ?s(ﬁo\yagf.opgarq)i)etf er
gaseous rer I ger ant rracg/ EOW T Rdr awn at' &R i nter medi at e pol nt’, pre?erable
bet ween t lsemprassed|watgednand uspdefsfueliforenssay prodyctioBaseous refri gerant may
be pregooled b apgt.Lzi hEl ry . k L ngi ng
to thegsec_ond )s&g%‘ 019-r hhér%%lﬂgé)ﬁ(%ﬂﬁkégﬁ@r dggﬁqg@éfslrt(?g rtgﬁt% B?rlgggﬁggg%tﬁﬁtgdr"' nat ed
hydr ocar bdauefied @ gdsostrearningd kigh-presawetsteragefankpl ary enbodi ment, the feed

gas stream may pre ; | Zi I (Ui qer i

serious of ket t#? g's c'?‘rﬁ%ﬁ#e 9gn -e?%'gxﬁgg{d éxdg%flr?gggbqﬁfrfé%fdttllggn&g n%ggggous
r ef ri ger amethagycamprisingehe stsbe@fi n nul ti - st ream heat exchanger bel onging to
t he second set . gf h - i j .ant
may be cool ed t(@ abggﬁnpﬁ%mg% Sté 8‘#?9%?3 Eérrgggééﬂlnﬁ@ta Q%/\% gerglggﬁéﬁ%ﬁﬁré%%
refrid@rant in{@ sefyrthes complessing dre eempriessed ganeous Ririgrrant siseamaingelighhi ch
may be sepaRlfe @mpréddtned with the heat exchangers used for precooling
the feed gas stream Now referring to the specific figures, various

enbodi nents maycbe EAPINGy e coOmPErRised x@agRoHP yrefigesantnelieam aind ag§rst heat
iI'lustrat gd.Hpghigure 1, a feed gas stream 100, for exanple, may be cool ed
and |iquefied agai nst a warm ng fqaseous refrigerant stream 154 of nitrogen,
for exanple, ifda hexpansinehahpast a1fyst pagioncefdthgacoaied, cepmpressegngasnous

nat urab gasrigdraht S¥EHMi@m W ikt hBSt iPHRGECH 2MirsYSlpaRuadNd pRlided first

di scl osed herein may be used for |iquefactiion of gases other than natural
gas and t ByRandefgaseeys fRidoesanteyfaammovhaigingbe firglaexranded gasravsngfriagesantgas,
the renai girBsh §6RIMPLINHt SXPRRYEr FR&VidesWobling #f £5eddhdiHagt ERAENGSSarwi the i 100
as a natural gas streamfor i1llustrative purposes. A portioh (stream 156)
of the paPeatfxchanggfimed stream 154 may be withdrawn fromthe heat exchanger

110 to bal anced)he Rb&FGOAAdISuBHEHANY S§GTIAG Lhedd§ad8RbaRRRRACHIITIY t hat
requires |less refrigeration. Gaseous refrigerant stream 158 may | eave the

war m €hd Beathexghapge [agalst the frst rexpardedgpeeousorefiigerantystream frapbéheafitstal |y

l'i quefi edepgindeAin tidSeddrtiPleabbxBaRYrhd thfirsEKEaRIxEnariyéttdndy the cold end
of the heat exchanger 110 may be subcool ed in subcool éer exchanger 112

agai nst war i n§f) gas 8¥RAOOHRG Inegoplertansk substantially lignafiecfeed gas sireamdhiongh col d
end of subeRetieieabdLdhANgE agdikst a E@dﬂh\'ﬂ%rx?gn&b% élas@w& tQRgdrahttRlandaatify gduct
104, for exanple. Gaseous refrigerant stream 174 may | eave the warmend of
subcool er SEAPHLXGRNAEL IDa seCAOIR €XPRANIBF essure refrigerant stream 140 may be

conprgssed in Wherdi MY MESEpRNEE] bh&ﬂfu@%fr@@fﬂhi 8feath ekitflg tHé Erst @xpArdend
stream 142 may be conbined with streans 158 and 166 and may enter the

y . 0
hi gh- pr es30{ & 8950ng SXRARIEdIFHERLS Ffrigeantgirean exing e senqed |syRAtes S5@ir e

refriger aa@bmn)e%?br, 18R amskréinetrel @hesBlRS DHr'thel S§ddond CERUNIEONPaRDEON 132
may include aftercoolers and intercoolers that cool against an anbi ent heat

si nk. Thergieggrany; W@aﬁhﬂﬁ lgwer thgp teﬁéﬁﬁ?ﬁséfe ebbei fH@‘ Sunaefeq gasgysvigtrigeranbwer |
sea wat er gtréddrgsh water, or air. Intercoolers and aftercoolers are not shown
for sinplicity. H gh-pressure refrigerant stream 146 fromthe di scharge of

hi gh-$1 essure #_%“F'ri gerionsd l?ﬂﬂﬁ)’ﬁ?@%@(“ﬂ@i‘?w’ FRMREHI%d i n heat exchanger
114. The resul hiréfigsrafi@RBirclASthBRYfri§6rateh titcuittompsitingams 150 and 168. Stream
150 may be expanded in expander 136 to produce stream 152. Expander 136 nmay
be a vapor expaffineakeych | e. A vapor expander is any expander where

the discharge hsessiiShadtbkeHangeMapdy chipléd to tABBFst hbteexdhsgerr ge stream i sat
| east 80% vapor),. Stream 1 istribu t ween heat exchanger 110

, 52 may be d but ed be

(above- ment i on8d g ExeanAe] SUalvGyrisddp e tish At exenanags aad adarted v acwPt eam
160 ney be swasameA rdfigdtramtfradx tHeangeleal dohalgstl ti ng stream 162 may be
conbined with stream 156 from heat exchanger 110. Resulting stream 164 nmay
be further warned in heat exchanger 114 to produce stream 166. Stream 168
may be cool ed in heat exchanger 116. The resulting stream 170 may be
expanded i n expander 138 to produce the above-nentioned stream 172 which
may then be warned in subcool er exchanger 112. Expander 138 nmay be a vapor
expander, for exanple. The resulting stream 174 may be further warmed in
heat exchanger 116 to produce stream 176. Stream 176 may be further warned
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not limted to, R410A, R134A, R507, R23, or conbinations thereof, for
exanple. Use of CO2 as a liquid refrigerant for precooling is thought to
mni m ze WAGOWWP8I7¢al footprint, especially for Floati ngCPABYIYPITSH St or age
and O fl oading (FPSO applications. O her refrigeration cycles using
gaseous refrigerant may al so be enpl oyed.- Heat exchangers 114, 116 may be
conbi ned i nto one exchanger, for exanple. Heat exchangers 114, 116 nmay al so
be pl at e-and-f} Wﬁ bﬁéhg;% | e.
Heat exchangerggf%ﬂé%aﬁw&wﬁé%@eodﬁgr%%ounte on ng?d%ﬁéeptgﬁmer
for exarrpae:epteatre@n@ﬁeaﬁrwentim the BRCond/hems exehanogat @ndnd-fin brazed

al um num (cor ey tﬁ.ﬁﬁ%éﬂ@%hﬁéﬂ?ﬂf@ﬂ piéPlo tRE A le?paﬂé%?%n%é&?ﬁ@@ﬁf cclag}p 112
may al so be wound coi|l type heat exc an ers that assure better sa

dur abi | i t §,firdrexpaededispsequp, refr&er%ﬁaﬁtqﬁla@ frembitist firsty pxpandat asstehigegesasay be
used t cgplgmatural gas, for exanple, because the cooling of natural gas

i nvol ves a phase change that may cause nore significant thermal stresses on
t he heat exchab@e® thegliiralexanded aaseeuscreiiapsan stepnbéomsive %@bmdehey
are generghd thd 85dndUS@GaRIdPhSsddRst rtaﬁrgmaa'm §¥ré§rﬁ3fﬂ§mqrré' sorrthé nelaﬁ

contain | eaks better than core type héat exchangers, are nera

i nper vi ousbSENRICUY3POE §IPBi on.  Wound coi | heat exchangers al so may offer
llower refrigergyg pTI?é%%t@rﬁijF#Z@nfGrh'Per Sd%?rtdnsﬁt'ng stQBoIS?(% geR‘?IBrcﬂ)perant
conpressors 132, 134 nay be driven by electric notors or ectl rrrven by
one o0 rofQuPlpgs 1 (1he thisd dieaj epxehangar andiripe esecend cexdaper a@dnawf%ferfpﬂled

froma gaﬁccbldfahbé‘ﬁftﬂgq’éﬁga% sireaﬁmarﬂtrm ﬂnﬁd%&he)eha?g@rator for
exanpl e. Part of the_conpression duty of refrigerant” conpressors 132, 134

may be derived#4& oﬂ@ﬂ@ﬁﬁi’@%#a%@mhfg@mm'@g usual |y neans that at |east
one stage of Sﬁ«yuenéu@w (TESHRIFE F6f§EranO Lompresb &efGaF Scibled ﬁi m&' first hade
conpr essi on e entire conpressor or conpressors in parall are directly
or indir %h?nglﬁrl%’é’n by expanders. Direct drive usually neans a comon

shaf tysnhi | e i nghyrecs h‘ib'h‘ F@sétﬂ’éqleﬁ%%réiﬁQ:oﬁ'fpré’ssg??tﬁrdwoéoudiélf tENRTRISE heht
Figures 2-5 and 8-1 ments and fluid streans that correspond to

el enent s SFHARIK ‘H‘dsthPelaWsprPﬁSLtr AceiEasEAt FemPrespeuadanied dor accepignee of ar t he

ot her resjegRletart QrEaRMIIAN R hﬁéteh@&eexdréﬁ?ér‘ fahedtheyrot\h%résem% PafB&ant or

Si rrplrcrn%/ I n anot her exenpl ary enbodi nen and as illustrated in Figure
2, strean®™B®$%6m t he di scharge of hi gh-pressure refrigerant conpressor

132 i s divi dedgdont oTReVBystrh et R 2 4fhereld the %%&m%ﬂ&dba §RBb&S rdffigdraat

exch ger 214 %70 produce stream 248 which is divi into streans 168 and
250 r eYTRROUTOBPR SSRNHRIRANAS R MR N PiepsHER(thA] the Biskaxpandedgase@sat i on

system Zzefrrgbatnte@éa?ﬁrramsmat.rslteﬁ;sdndene stage of vaporizing liquid
refrigerant. ori may .t ake place in kettles, for exanple, such as

i on
shel | - and- tub eat (?M%Fﬁ@‘eros %S h'pBB‘?'] CAGPHERG | 3 cTupRiemantal heefridesations de

as i |l ustgysteasladdptéd @lprovifle cBEImgl tbithafist hRe&RBxedhded HHEIh IRl sWhdidméritaieam
250 to formgstream 150 that enters exgander 136. I n yet another exenplary

enbodi merfEMISHAYOR SY§IEM FOMPLEeY At Ipastiogs stags of ﬁa’taﬂ?%ﬂ'”%%‘q edigesateam 100,
for esanple, rmyr beThy epsterh est #30, WhRrdigfthé gﬁpéﬁz'r iU trefriy Sraft E&ﬂbnses

conpri ses @ ﬁ%;t one stag}e of va(?orr zin refrigerant.
resul ti nd>Qt rA&HAA 1PTIRING PYIENF, dB9-BHaNe: @Bt"e@%cﬁ@ﬁ@%retﬁﬂen? ORB? o'dﬁ@e
subst ant Irafr!gbérdritﬂlublddlﬁg RIA0A 1R 734/ CREBIUR2 S &ir lcb@Biribfibnd theraoB10, st ream 356,
may be conbin ream 1 i ke re in Figures 1 an .

be comb %;s t d‘%’z i k t 156 i n Fi 1 and 2
Refrigeration s\yﬂe Whisgln 1he fe sn%EF"’t"h'ts@ RAterat @35 $tF@Mat i on

s]ystem for ewzspf Ierhe/wsterﬁ be#b2, szegergarﬁéh bgReans lub@d bhrasf(;eéhrtgmroabaioh si de
of t ies o rs_an oth natural gas and vapor refrigerant
stregﬁs E%Bragﬁqnﬂr&ﬁ??é’e &%&%s’ eS§&r exanple. The refrigerant conpressor
and condenser #a4e prret;]gseht yf#%ﬁwaéreﬁrﬂthb%trbaﬁ\}(ﬁtr@‘ﬂ@eraﬁt I:e,:almtsdgeatggdamn
Figure 6. Iny a er. exe as | rated in Figure
4 | stream 14ﬁaynﬁ?%ﬁ%8@46§%ef%ﬂﬁ{1§% t anggeamg%eesgﬁpgglge Hay be
cool ed imxbb@tgeencémsrgglre Héiaﬂe)tdhaﬁgérduce stream 448 Stream 447 may bypass
heat exchanger nd nd i n.expander 434. Resulting stream
299,y be coriPnod h PR PLARL MRISGHS 105 Postreiodisr Gl 16 2 LRy
ent eB5Sheaixcexrcjennges sindgié heat éxvhasgere nmanner as stream 164 in Figures 1 and
2 .In anot her exenplary enbodinment, and as illustrated in Figure 5, the
expansi on may be acconplished in a sequential manner. Stream 548 may be
conmbi ned with stream 249 to produce stream 150 whi ch may be expanded in
expander 136. A portion of stream 160 may be partially warned 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 Strean1166 may be |ntroduced betmeen the stages of the

o o o o, S o AP o2



247. Stream 547 may be cool ed in heat exchanger 214 to produce stream 548,
and as illustrated in Figure 2, stream 247 nmay bypass heat exchanger 214
and may D¥ORBWBET'n refrigerati on system 220. The subc86TaB2069/6076t% 104
may be throttled to a | ower pressure in valve 590 The resulting stream 506
may be partially vapor. Valve 590 nmay b replaced with a hydraulic turbine,
for exanple. Stream 506 may be separated into |liquid product 508 and fl ash
vapor 580 in phape FRRILALAT ofH28; wh AR SESsHhd
conpressor 594 to pr oduge s't?eaﬁi V5v8%rre_t at 5&%y”%ge%$agg%%§ggﬁgts§§e cléoage to
t he t enpef¥thangerare plateand-findrazeddlumioum| (aonehtypalheat exshangers.st r eam 580 nay
al so be war nedgg® i fns WSRRA & #£X I j

exchanger against a porplﬁgn of éslt ?@%ﬁﬁé@e‘l%dﬂieg‘tmgggﬁa%ﬁg%@ﬁe%m%g%go%eﬁ heat
exchanger e19@nge Hrlrfawousecehhe@sxchangsrs.nay be further warnmed in heat
exchanger 214 k99 Dr 9FUCE sk CayBE0 1ol CAMIRRTSY B HBhGRILGEaR] o5 sed
to a higher pressure and used as fuel for one oF fore gener at or g , Steam
t ur bi ne( syysteyasfiuidly isiorpled)to be hiple qresseise refogenants Fomprespevend geaptedt fioon,

for examphgepHieet B @€ cmg}és?éétdé%@ﬁué lrlefr'igélra"f“ e%reiaﬂm ot tRe %uélfeﬂggéyr al
expansi on, parallel gaseous fuel” conpressor, and recovering refrigeration
fromfl asfﬁfwﬁfjtr?émpéﬁ%&be applicable to configurations shown in the other
exenpl ary embogiglenife &sith Corubb HiHHeR! GindtbireX 8Bl SHemEREL doiBHauEl e

precooling refrigeration systemdepicted I n Figures ream 630,
whi ch!GraySystern fiyidyeeripladetor thgdiigth healreicbanger madadaptegde dosept thadgedgas ool ed
in heat eyedhamoge system 620 (corresponding to systens 120, 220, and 320 on
previous fi gures% to yield stream 632. The gaseous refrigerant may be
conpressed in ¥ ri §bf aniteRnh#28s Bithesoompieng, a thifdyexpandentlbde caugled o
totally cepdRigsastesdlré QBAGBRRE c@gtﬁ{%és%)ﬁghg_ﬁarp?égq&()@ccgﬁﬁfn&% boHioh tdffE% In

val ve 607 and partially vaporize hi gh- pressure evaporator o eat
exchange SS/BRERSESLIRSEaUDFRNARFaNtsiigamtese thetiempreseige reffigemanhegmRrasserbe

separgg ed in phase $RPIYAEAIS 89P fudit® bAPALingOr tion 610 may be introduced
bet ween the stages of 600 as a high-pressure stream The liquid portion 6

11 may be t hrof VA8 fiuidineaupledde sheyePgegler exshangenprantechier apcantance of the

medi um pr Re8Yas se¥AAHor! P& spbcdtidtiexti pge system 620 to produce two-phase
stream 613, which nmay then be separated in phase separator 614. The vapor

portion 615 ma$ PHRSe PRRIFAAE Beidlcoppled to iee ¥alyg agd gpapted fefsseparation of the

nedi um prRe8 4as sEéAR b a liagidl gréilic aR@EbSMvAp. may be throttled in valve
617, totally V%.i)OI’I zed in the | pressure evaporator of heat exchange

e | ow )
syst el 620, " anftd nt ToRIBEERM 9EFR dWThaRCOBPHERE of 600 as a | ow pressure
stream 617. TherRéoldy prédsuideémbemnt FBMpRassH PRIy dodled NbeRet AP L UT €

| evel s corresponding to the three evaporator pressures. |t also possible to
have mor eSPaNeRIsaRhan three evaporators and tenperature/pressure |evels.
Stream 602 nmaya RecSMPRIME pidsb@rdl refiigepari® (@F PR o AGRET cdupfid loh@eCthird iHeal
pressure, for exanple. It may then be cooled in condenser 604 w thout phase
change t o®5P8%ffe a dense fluid 606. Supercritical stream 606 may becone a

partizg |iqui dgeft en faethbd dfhigabfabfsh of b WHsBEUY feelCudihd USEIbadLI08p ARBbE 2l
plots of the cooling curves for the exenplary enbodinent illustrated in

Fi gure. 18XPENgAR éFV?'g havings el iepsls o BXRa5BIsH vt errin ithe ischATger rregsure of g5,

Fi gure 7bsdcopd espatider ReRet MdhaRg /ischdfge AEsURE of aMirst @&paddr NEHAWhE@inst r eam
156 si gm%l (%agt |x¥> |%‘n%roveg the efficiency of the exchanger. Figure 7c

i |1 ust ratB8 WHSOARESABYIeS ehigAse? Perion of ihs eefriggratidnereqsied i lauefy the
enbodi mendasedislferd. i | | ustrated in Figure 8 , a systemmay be used sinmilar

to Figure 1, h ver, th a us refrigerant may provide refrigeration at
onl y ®Ohe press’%&g Ith\Fveaﬁ]ggrO?gg‘éarﬁﬂeé?'”tt'%%gﬁﬁe@eﬁ%&é%@%%P@“Eﬂ" 98%pander
138 may be submsigant Td mytHodef FanByiaseif aoBdRINt 3andSE 688dM Ko thB¥ebhaes P! it

into streans 5360. and 854, for e aé’r;gl e. Stream 854 rraey be introduced to the
shel | si PPIYROYAHERY PRy iaé‘?)%' HEWBPEUEX EMBRAGEFSDR ATdgombingch Wi Bedi at e

| Oﬁa“ ?)_n wmfﬁe@spamwnn%ﬁa@dé@etrééramh{th@_rﬁrsﬁ@km@at he |iquef yilgg agd 656
subcool i ng sec ns ere i y mx with war - stream 172. Stream 8
may be withdr 'atT%mFm"Qr"&rg‘g&é’Yr?“F'Béhﬁ F%b'{i\?r?ﬁti"?‘g)%%?mé&%?@h@@a”gﬁro

cor r essponalidtge secdriveexpandesridré artheetovapiasidtbantl EA ebolBg farmHHdr eWsdnsidig
sections, for exanple. Heat exchanger 810, therefore, may be well bal anced,
with nost refrigerant used in the mddle |iquefying section.Stream 860 may
be warnmed up in heat exchanger 116 to produce stream 862. Stream 862 may be
conbined with stream 856 to produce stream 864. Stream 864 may be warnmed up
in heat exchanger 114 to form stream 840, conbined with stream 858 fromthe
war m end of heat exchanger 810, and introduced to the suction of
refrigerant conpressor 830. Conpressor 830 may have nultiple stages, for
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exchangers 914 and 916 nmay al so be conbi ned. Subcool er exchanger 112 nmay be
conbi ned with heat exchanger 916. Al three exchangers 914, 916, and 112
can be co¥PI2AWYPSBHIo a singl e heat exchanger, for exanpPETIBHEINEEY gas
stream 100 may be cooled in the heat exchanger 914 to form stream 901 .
Stream 901 may be further cooled in heatg exchanger 916 to forma
substantially liquefied gas stream 102. I n yet another exenplary

embodi ment,  angugs irhklskid gﬁlm Whighi? #qu@anggﬁ,saeme rellfh Hémgélff?gt' ar
to Figure 8 however, ex an 43 & ncluded as v n

The addit %h@ﬂdeéi@pﬁmj%wcmeat atirpt p@pvra@fethe Hi%SLﬂtéﬂtrﬁ')@@r'dﬁd sireany istused iczowln
provi di ng i 1 i this
Case stronns Tarou SE BIOER e nea0ohatr i B0 pbit AR Rl

Fi gure 11 gxeangdpdistraamey used '@sﬁ!@V'dﬁ? ﬁW"@Q in @ heaieNchamgerhowever, the col d
expandgr 138 has been elim nated together with the top section of the
liquefier heat exchanger 810. Pre-cool ed gaseous refrigerant stream 1148 is
expanded in a single expander 1136. E&ééMH%Eng expanded stream 1154 is used
to liquefy the natural gas feed 100, for exanple, in the |iquefier heat
exchanger 810. This exenplary enbodinent is particularly useful for

produci ng | i quiRgfeiara talFiawe 3ad. mﬁﬂwwéﬂégd@d/ahgégat%@é cantgieinat ur e

ranges m%{)bﬂ%ﬁﬂrﬂ#ﬂéy ooy oier:ﬁgfﬁéh@ 1.6%L9F m{ro%ew(éq;%to‘? eﬂ%ﬂeog% 6 ;gne aESW' N

be apparen hose ski | he art t re-coo ystem 120 in
Fi gurg 01 res ohleavigsicapeanants at aas 8ddPiG)ornal 19é3<p%mdé|24 a%Pa)r(streajnﬂ@O)was or
may be exbﬁtrceélledtt@ ab&%x@rﬁi&l?ﬂﬁﬁé Fl(ls‘b %) by thé Géfﬁé‘ergnon éistérﬁﬂézé Ash ar e
used, one pre cooling, oOne I quef action, ey scharg
two di ffe?eh?ﬁlﬁfr NIt r@gotFationt ﬁ% Rlﬁj'ﬁerfefﬂgé@ﬁhr(@z'éfm)eamT ?ofﬂfﬂg%afwaWﬁS
(pre-cool caapred¥anfed 3-sthgo® Wirsstedidr VaeNIddMatdL W [HigiRe Us € "rﬁérr'eﬂﬁ'é
conpressor_and the hi gh-preéessure refrigerant conpressor as in re The
f ol | owi ngCRMBressRRs %&é‘g%tpées&HfF WA Gapiexinaiely 0.8 Rar (H0ckRaabsplsts. c Kepping # 1.
A et hwd e budidRTEdsuRd atl ShAlflin? aﬂ&ﬁé@guﬂ)&‘éﬁnd & bl BREAIMBEraiRd € Usidgh§

met hod conpr|5|ng the steps of: (a) conpressing a gaseous refrigerant
stream i n”&‘(“fP’@H?P'edﬁE'QSEﬁ%?&% safeipper@dieni ng t he conpressed gaseous

refrigerant st Raaumm@s@eém r3‘0t1 \bﬁﬁbo&é@haﬁﬂarqueﬁ&) heéat RaBIUAYEr 3k 0 k5 afde R
first portl on of the coo npressed gaseous refrigerant streamfromthe

first heaf é)@h‘?}n\d@Fhlﬂ?"ﬁ tf‘? r%ﬁeaﬁkﬁ%d@s alb ligwigy i Gevas thepssubseplad dedhe

gaseous T glibdopRf adhabbeefIB toapeh F(é)1egq9|¢r8@d|a§¢eswm§ts%hmaid4y l'iquefying a
feed gas streamto form a substanti al | d féed gas streamin a

secont® heat exERaPYHS AHPRIGh14ehdirerec ttheh e@.‘?cr@f% afly eh@@'&f%t"eat refrigggant o

first por bmﬁreeiortm Vs &Hcﬁm@meyjaﬂ&s 200 psleferd7aapant setamans WwLnhehe
first exp n the f expanded gaseous refrigerant stream

exiting t Eﬁi&'tf'?t? & 4@?55’?‘?8@? Q. §5% b%?')é(mtqomq L% r@ﬁ'@ﬁfatm#?yﬁ?ﬁbz?ﬁa@%8!9@?396 1,

further cpmy/hI8900SKEROM)igothgithRomdrledthealkehtgdranty adsy | i quefied feed
gas streamthrgggh |ng| rect heat exchange in a subcool er exchanger 32& nst

a second expangbgagds (S‘El%u'tl‘r@fff‘?’@éP@H't”'@tsftr@éFﬂse?ﬂﬁtqnﬁg%Q AURIBA §XRANSSA

wher epf t bﬂ4s€FC(O431C§féﬁ@ad|@¢/ ra@s&fqm 638 fIrhaRT ﬁatsﬁtk@%mem &vng;smeae&ond
expander is wherein the

Lg t}gt ant%@v?por The

conpr essi APBRPHREYy @fﬂ"de':r &Rp° Cs)t(ﬁté%ﬁﬁ‘dfszk?%‘ﬁ)d(VQeddf‘t%t’faﬁb&ﬁ‘?s by:

(a) (1) Coméﬂlﬁgillqlgaflbhﬁeélaé)@ﬁuﬁgérﬁﬁfol 1431826564104 ko) EfUstReam

corrpresso r{ (2%1 cﬂ\t her corg%&eim ng t he gaseous refrigerant stream a

hi gh presd® eNe B’Sﬁ) Qakiged heaf exgpan - #3, wherein the pressure of the

second expandegtrg&fe3nssiefteliqueter Bedt lch@adBresdiot hingb4atdie sacond iexaandes s

| ower_ t han the£ e{-é re of thef st ex nd%(? %aaseous refrigerant stream
B 355

exi tify t RIMPINE b2, 39»‘3”“ EP et texchigngess 41 ffsrt%197r§d:ti on

of the fi (36t4°e)§[mﬂdﬂldocﬁ@§6(buﬁvde¢|fthé w arretss@terr@mgeffahoaarhﬂ@sédrr@b Anagwler
cools the fe amthr oug ect heat n the second heat

exchanger prleﬁs%rte gf) ru@ar)an FoOmPESSd v sate Ok JRd: 656 ’ﬁ?iﬂ‘ &K ekamaiby
expanded @gasa@useyefrigerant strean1fron1the first expander cool-s a second
portion of the cool ed, conpressed gaseous refrigerant streamfromthe first
heat exchanger in a third heat exchanger.#6. The nethod of # 1, further
conprising providing supplenental cooling to the first heat exchanger

t hrough indirect heat exchange with a supplenmental refrigeration system
conprising at |east one stage of a vaporizing liquid refrigerant. #7. The
met hod of #6, wherein the vaporizing liquid refrigerant conprises CQO2,

nmet hane, propane, butane, iso-butane, propylene, ethane, ethylene, R22, HFC
refrigerants including R410A, R134A, R507, R23, or conbinations thereof.
#8. The method of #1, wherein the feed gas streamfor |liquefaction is a



natural gas stream #9. The nethod of #8, wherein the natural gas

| i qguefaction occurs on a Floating Production Storage and O fl oadi ng ( FPSO
vessel . AVOQI1013827Fet hod of # 1, wherein the gaseous rePETHBAKPO7S1Y eam i s
a nitrogen stream # 11. The method of #3, further conprising warm ng a
second portion of the first expanded ga®eous refrigerant streamexiting the
first expander in the third heat exchanger and the first heat exchanger to

forma warned gﬁésfquw@r&ﬁaeeeéxaarp%e;ﬂs {e%aga%é FCPQMQ'M 1 Rsw\BId A5 98§ FOUS

refrigerant streamwth € CO seous ref erant stream exiting

the | ow pleawdhr(@4.88aaemekinr @é&%éﬁ%f(@p@@@&%d)o amm@)zms)a (3% BPaywp. The
met hod of _i#BiF wheye) ﬂstr%aﬁ\hﬁzﬁal??fﬁe'n%té}gdtsgﬁcJo!err%keat gpw gaseous

refrigerant streamexitin Irst expan inthe third heat
exchanger pri ostr?@j“eWﬁdﬂ%lsthqoiﬁfa@@m 14Z i atent -1407F. (-967€) neittieach 674 #2,

furthey couphheH RarRed ma%lda%%&%éw&cﬂén%é?@ 258988 7 TE 48687 g4 eam
descendi ng the second heat exchanger from an Internediate ocatlo of the
second heefte@rdha Ayeion °Iﬁﬁ‘&t'PW@fQS$ér%rﬁffm@ré@0'r§\9rqSS@fn1Qﬂ(stfh%mddg)eous
refrigerant st\gagaspedd6r the p?ésehﬁﬁbeﬁ?&%h@a@%r n dRO&iteTRic ?hﬁl&t.&h‘%tﬂ@ﬁémd

gaseous refrlgerant strean1mnt e conpressed gaseous re erant stream

exi ting tPefar@ed ¢meedimeats fribe vadens figuran ohisstocks uoée;r§mpdatha|t otheq similef  #3.

#14. The &mbbaferis r#aylbe W&'rﬂo&%tlﬁﬁ §ﬁd Q@d’%ﬁ Q)ﬂﬂgﬁ‘f d@;{g iﬁéﬂ'gﬁ]stcnbédj heat

exchanger are a singl'e heat exchanger. erein the

secont? hebesivrahige Pe'é?fd‘"?gwﬁ‘esﬁm&”éi‘oreﬁfcﬁa rRiesenh inveatiaf wighaut idewiating

exchangerthefehm. Thﬁer@ﬁré‘oﬂwe()fclaﬁnéd W?&{tf%hnsﬁ&ﬁd fr‘lJtSBe hlﬁ'?&eoe)fg ?rg}g%qrﬁﬁé‘d the
core pe heat

third heat exchanger are pl ate-and- brazed al um num
exchanger @mbedimentribut fFRthgiothogid be fon%@ﬂen rP“F#ﬁéh 286 $6EP¢ dh BCCEINEewIth and

t he subco@kippeXddirdIsifG. qie@eﬁéﬁé@ﬂurﬁ@:‘aﬁs GRS dMYEeA 8 prdfdediRGnhdBLipd Of

#3, further conprising splitting the conpressed gaseous refrigerant stream
exiting tHESH 'Q@Sﬁﬁégmﬁa%fﬁﬁ)?%%ﬂoﬂ hersgoee Pﬁ thgclaimsti on of the
conpressed gaseous refrigerant streamexiting the high pressure conpressor
in a supplenmental refrigeration systemthat conprises at |east one stage of
a vaporizing liquid refrigerant, and conbining the cooled first portion of
t he conpressed gaseous refrigerant streamw th the first portion of the
cool ed, conpressed gaseous refrigerant streamfromthe first heat exchanger
for expansion in the first expander in step (c) of # 1, and wherein a
second portion of the conpressed gaseous refrigerant streamexiting the
hi gh pressure conpressor is cooled in the first heat exchanger in step (b)
of # 1. #19. The nethod of #18, further conprising precooling the feed gas
streamin a supplemental refrigeration systemthat conprises at |east one
stage of a vaporizing liquid refrigerant prior to step (d) of # 1. #20. The
met hod of #19, wherein the supplenental refrigeration systemfor precooling
the feed gas stream and the supplenmental refrigeration systemfor cooling
the first portion of the conpressed gaseous refrigerant streamexiting the
hi gh pressure conpressor is a single supplenental refrigeration system #21
The net hod of #3, further conprising splitting the conpressed gaseous
refrigerant streamexiting the high pressure conpressor, expanding a first
portion of the conpressed gaseous refrigerant streamexiting the at |east
one conpressor in a third expander, warm ng the expanded first portion of
t he conpressed gaseous refrigerant streamin the first heat exchanger, and
t hen conbi ning the warnmed, expanded first portion of the conpressed gaseous
refrigerant streamw th the conpressed gaseous refrigerant streamexiting
the | ow pressure conpressor between steps (a)(1l) and (a)(2) of #3, and
cooling the second portion of the conpressed gaseous refrigerant stream
exiting the high pressure conpressor in the first heat exchanger in step
(b) of # 1. #22. The nmethod of #4, further conprising splitting the
conpressed gaseous refrigerant streamexiting the high pressure conpressor,
expanding a first portion of the conpressed gaseous refrigerant stream
exiting the high pressure conpressor in a third expander, warm ng the
expanded first portion of the conpressed gaseous refrigerant streamin the
first heat exchanger, and then conbi ning the warnmed, expanded first portion
of the conpressed gaseous refrigerant streamw th the conpressed gaseous
refrigerant streamexiting the | ow pressure conpressor between steps (a)(1)
and (a)(2) of #3, and cooling the second portion of the conpressed gaseous
refrigerant streamexiting the high pressure conpressor in the first heat
exchanger in step (b) of # 1.#23. The nethod of #2, further conprising
throttling the subcooled Iiquefied feed gas stream separating the
throttl ed subcooled liquefied feed gas streamin a phase separator into a



liquefied feed gas streamin a high-pressure storage tank. #25. A nethod of
| i qguefaction using a closed |loop refrigeration system the nethod

conpri si NYOZRW/S8¥Ps of : (a) conpressing a gaseous refrPGEABHOY87FBam in a
| ow pressure conpressor; (b) further conpressing the conpressed gaseous
refrigerant streamin a high pressure -@opressor; (c) cooling the
conpressed gaseous refrigerant streamin a first heat exchanger; (d)
expanding at least a first portion ofgthigscool ed, conpressed gaseous
refrigerant streamfromthe first heat exchanger in a first expander to
provide a [11sh exPaANaRthoAASERIRACEES 'BRGAR I IBE) ARGERL h&eh, e
expanded gaseous refrigerant streamfromthe tirst expander

provi des' Ewthadrremnsisipasbe sie@s ®Bat exchanger and the first heat exchanger;
(e) cooling anﬁb)sgbéérﬁPFéséihbyal lggseugi M rigerfaﬁfsdsh%%%f ShhH2TH LB Qe bRdi rect
heat exchange agai nst the first “expande aseous refrigéerant streamfrom
the fi? st CeRpgasi(134 t he second heat exchanger and the first heat
exchanger; andf) i heri Qs"‘etda& y! i eed
gas streamth_rgg h ?%?rg%étlé%é?tSoerﬁx@ﬂgﬁg‘ga%%?%st a séggldénﬁefhg%gﬁ%éet éﬁaseous
refriger ah%“‘%t”r%g'ﬁi keat exeiipngesdddhd expander in a subcool er exchanger,

wherein the firgt exgander AASRPYfrst BhriibA ¢15)of e’ @BMICXdhprags sfebﬂié

expander and the second expanded ?aseous refrigerant streamexiting t
second ex[RATRREANt e EAse Hin firal heat eughangern(id4 e Eshexnaader @3elto@rotide he
seconfh exgarg@ggpegﬂgg@ggecgﬁf@fr@gfﬁpgtréﬂ; e iahgl ower than the pressure of
the first expanded gaseous refrigerant stream #26. A closed | oop system
for liquefacti®h, cEMIPPANdgsubstantiply HeyedYing @ teedcans streame (1@@)rtoglermata on
circuit cgjrmarﬁihmgﬁqt@ﬁéu kSdd §eRPdtreane Pi a sBcSREREM éi@ﬁéng@(?m%u%{ ui dly
coupled to the first heat exchanger; a tirst expander flurdly coupled to
the firstiNAiEadt hediorehgege agringd dhlsasn first aertient154) of thedinstexpanrded apseavs from

the first dpfprartsGBand®m theTRGMNHadepaistgr fluidly coupled to the second
heat exchanger and adapted to accept a streamof refri ger ant fromthe

secontP heat ~exWhefiethe Aty exrardadygatesus sririgarat rstream @152) citipoetinet frst he
first expexpdatetndeidanbstantialy agspt a first expanded gaseous refrigerant
streamfromthe first expander and a feed gas stream wherein the first
expanded gaseous refrigerant streamfromthe first expander and the second
expanded gaseogs reArgfoanbf Eidi®am Firthat tddthprRHENSUBEBANYI Be 2b8led and
substanti al | é@a vapor stream #27. The 1tsoﬁstem of "#26, further conprising a
subcool erS4bsEaMAle fayefiedqfepd a3 isigamo (10K thigueh Rdisect haah HrgaANIdN tthe
secorgh exgiedsker axtthanget ¢2) dginsts %@%rﬁ{c@%ag&ed H85€loB8 Fefigsrant diRam {1'79{“ the

third heat exchanger. #28. The systemo 26, further conprising: (a) a |low
pressure PEYNGJRGCARH exBARASESI®: f1uidly coupled to the first heat

exchanger; and (b) a high pressure refrigerant conpressor fluidly coupled
to the first heat exchanggraff%nd the | ow pressure refrigerant conpressor

adapt ed for actept anceetd APigeerin 41¢ BerAn0rSRARIRT gasesus Fefgerant
exchanger stasath {172) &aMPIhe seE6rRl &Phhddrgn 2d)tis SAERRARRAPIapdf29. The system of
#28, erein the second expanded gaseous refrigerant streamfromthe second
exparfder is lower in pressure than the first expanded gaseous refrigerant

stream from the fir&tm@KERBEElaimB3Wheldi® tise/ séMdUxplrded §addolerefigémRi Si Ng
a suppl emgnt al {7\%5‘“ .era{Fi on _system dggpt ed to provide cooling to the first
heat exchiggt (4 &Eing ﬁé”?ﬁ%’b‘?re?f@ aager (12} gerouprressesy Bt 2 /AW FHFSHSes at
| east onecowiprgsopi(130) vegrsingd Wih lat RAbOthe Gidticgpamitid gd63dus F&iﬁ%&mt&@hm‘ #30,
wherein the vagporizing |iquid refrigerant conprises CO2, nethane, propane,
but ane, | QUG0S FECOSH RS FERENGg: RaRine BeagilRam 124) fuiber FomPEststinis

i ncl B nohigH pAsuB3AdredsoP?,32R23, or conbi nations thereof. #32. The system
of #26, wherein the feed gas streamis a natural gas stream #33. The
system of #32, wherein the systemis used on a Floating Production Storage
and O f1 oadi ngs.( FPSOmatass &f .anihe dth€lafiv's Retd Hf whain iHaesstoRd tdxpasddaeam of
refrigerant is a p.i.trogen streag1 #35, The s stgm of. #26, wherein the first
heat exch¥P§aYS ARMOPRET SHEBMA'ShE8TVeax KREngeteRrE PP H I8 hehathe copisdger .
#36. The cryiressedigaedus reftigjeednt strém friohy tele i hegedepagr (1. t he subcool er
exchapger 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
al umi num (core) type heat exchangers.



#38. The system of #27, wherein the third heat exchanger and the subcool er
exchanger 112 are wound-coil heat exchangers. #39. The system of #28,
further NYOEPIMISBY7a suppl enental refrigeration system PCEHIBIYPI/BEEH ed to
the high pressure refrigerant conpressor and adapted for acceptance of a
conpressed gaseous refrigerant streamfzpomthe high pressure refrigerant
conpressor. #40. The system of #26, further conprising a suppl enental
refrigeration gyste ol I hg .t hi

adapted to accgpt tE@an'fe EH Y élfagpas §q~ﬂ&§%lﬁ.e Céngj%?t Qf%lgﬁ%g%? Egﬁ%r
conpri si ngaseausi rlefllgesqmmfeamfG1GB)jl9nydbe'pb@lled o albirthihght pxaasgere(116) by
refrigerac i ssed
Gaseous  SEOTRarBRPangs i FkEa betorB Tt (e br AR rsfetha CAILECD
#42. The sgfsge'ﬁnt(ﬁtre#wuwnﬁoméhe @m&pxmsmdngm@) and wefeﬁltmntrw secvod expahdeo t he

subcoot er Ip@lg,g ﬁ@@,&{r stream fromthe
subcoo%er (g?ihanggr? ap cggg egé%@%gfg%trsg@%we Iggp%gﬁ%€§§(ﬁt he val ve and

adapted for separation of the feed gas streaminto a liquid product and a
fllash vapor. #43. Thengiaibedn My ?256 of 4535 +& grrWhef%]rQQ?e %e{:érLdSEXAa?\Wed
pressure refrigerant conpressor fluidly couple

exchanger gasgeys defggerantistream jsrdasived éromea por@em &M0) obtherfaestsaxpanded gisgousupl ed
to the th'réfﬁgé‘r?ﬁttst xmhanger. #44. A method of |iquefaction of a gaseous
feed using a closed-1oop vapor expansion cycle having at |east two
expanters, wherein the discharge pressure of a second expander is |ower
than the di schgrge RrasHdl s I isdr x%@ ngb '
expander provi des at l‘ﬁeast a %&t?o‘x’n éofﬁ ESI?IOCI er&%%%g%tglhgre% :%a?&
liquefy tR¥PI&OECUSE] eédlea#@zchange tiBh@gaiost gampreapes ghport srpagated dimn f eed
conpr i ses giakaHially Igﬂr%ﬂec#fde@d E@%tr@gﬁwrmnééhgé%co%?é ﬁef(????’pt ant expanded
stream from the second expander is war to near a erature,
conpressed, and conbined with a vvar med resultant expande_d stream fromt he
[l rstigxpander o #474 MhdtP!diOn Torkd6r HOCHRLRiASISARD! (IRAkrS LoMAAEnd I O
the first expander and the second expan er are er conpresse t hen
cool ed f ofXtragting amortion(i8Hoef.tha gasems ratsigrEat sifear descngingithe secand eatint
expanded §iéh%ﬁ§érf(ﬁWde?ﬁaﬁ'ﬂtéFm&if&@%hoﬁ %e%f'ard%ﬁﬁrh maeﬁr%dtéo%o Qi tion
of the resultant eann ed streamis used to cool the daseous feed t rough

i ndi rect h&41 indRe ficgh Beatenahanasecbi®d portion of the resul tant expanded
streamis used to provide cooling in a heat exchanger. EXAMPLE Referring to
Figure 3, 3,160 Ibrmol/h (1,433 kg m)”th of natural gas containing

appr o mat el y 8296 oft meteane any eveel et pregrding Zlaims.owhereimine feer gas
propane, afchrd #r AGudiBaIhes 2 HAIPANRE Feah. 113F (45C) and 180 psia (1.24 MPa)
(stream 100) was precool ed to approximately -31 .6F (-35.30C) by the
refrigeration system 320 conprising 3 kettles w th vapori zation of R134A
refrigerant (C2H2FA) methd@ bfhh Fﬁ( Qe tH@,aﬁre%@H%e&éﬁQ fheReirt-tRE agReous
conpressor, as illustrated in Figure 6. e refrigerant conpressor's

sucti on prefugerant saaMAnd NBsA9RAGERMO. 5 bar (50 kPa) absol ute. Keeping the
suctign pressure at vacuum al |l oned subcooling to a | ower tenperature. Using
a non-flammabl e refrigerant assured safe operation. Resulting stream 301
was cool ed in {he | AquRthedpf Wya?”%%fctﬁﬁrﬁ?{)%%ed@gwﬁ"ﬁs fugBercqmmzing) waimingi ch
poi nt t hea sb&dRPoHibh (Wé@) & the klféﬂ%kgandeﬁ g‘é@éodsh@ﬂlg%%@@ﬁ‘e&q (151 ?} Cglt'ﬁ%coo' er

exchanger 112 to -261 F (-1630C) provid ? resul ting stream 1 seous

ni trogen ﬁrébe’fﬁaaﬂ‘?rt(ﬂés)df‘sacW&F@8%?"%?@@?% Bapddn Fr@fffrﬁ'g*@ﬁ‘aéﬁt‘c"l?@ﬁﬁ’i €d4br 132

was at 101‘6chfn41053)wélrﬁiéd1 u@&'eﬁtg@%n?@tr@ﬁ’ﬁ‘\) andPlcoRBARIAgH @hé"@\%rﬁn@@%a%%ué into
2 1,495 lbnol/h (9, 750 %m)llh 0| ng to refrigeration system?2

196, 2% | A3t sigamdac ) firghopgneed easeniinexirigrsant %ss@ﬁaﬁéé} gxitingy
116. Str egmestbbhd sl bkdHie g,rgrmporrbl ning streans 249 and 250 entered
expander 136 at -49F (-458C) and a flowrate of 164,634 Ibnol/h (74,677
kgnol /h). It was expanded to about 475 psia (3.28 MPa) at -141 F (-960C)
(stream 152) angl di xirgtHod Bt Qnﬁbﬁ@amhk%e@é&rﬂjua@wsl Rl icBMph&iAg sBrGRpnger
310 at 141,326 | bnol/h (64, 10 nol / h) and stream 160 entering conbi ned
heat exchBfgamPressgd gep OU%f?f g%ﬁrqa.g} {145) Guxibing dhe RbiRask RBP £RGRFESIPD at
-54. 445 (- 4189) intd & f.meombﬁmzmrﬂmmeebd&ha oktiohqa48) 1 6cbling@aiiEfstUdridh @anpi ned
heat exchangers 214, 116 to 97.5 F (36.4C), and introduced between the | ow
pressure refrigerant conpressor 130 and high pressure refrigerant
conpressor 132 at a flow rate of 164,634 Ibnol/h (74,677 kgnol/h) (stream
166) . Stream 170 entered expander 138 at -136F (-93 C) and a flow rate of
53,091 Ibmol/h (24,082 kgnol/h). Stream 170 was expanded to about 192 psia
(1.32 MPa) at -165F (-1090C) (stream 172) and then entered subcool er
exchanger 112.



Stream 174 | eft subcool er exchanger 112 at about -140F (-96C). Stream 174
was then warned up in conbi ned heat exchangers 214, 116 to 97.5F (36.4C
and ent erV¥@ 20H&583@t i on of the | ow pressure refrigerant PESABIEY8EF19130
(stream 140). Wil e aspects of the present invention has been described in
connection with the preferred enbodi nergs- of the various figures, it is to
be understood that other simlar enbodl rrents may be used or nodifications
and additj tf p i.n he
same uncy| s BP o hg Ay Egsfatol Sy AT (25 InGDATDI ot BaofGhe Rldfierér &
Ther ef or eVapaf@ing| |t§li1|¢ef§frlgﬁmhtq09hngs$ﬁbdl ISGICQi‘@tPQmOﬂ inrthe &gt h@ataaxyhmgegl(‘e1 4)
enbodi nmen r t

accordanc]‘én %Q#&b)tcﬁ%h endg(f% gq' {h% J ge‘réjeﬂrggteﬁl{]rﬁﬁrgizq??\w ? %%%9 ﬁteé H?rg\c/)\nnn S
are provi (%59) phtherrt@ot?riaﬁeﬁ@nmréw(&@) éss'gxgenmm@rtbe &irstlienpanaed (86) frostepi mi t
the sappe@ir EffimGl ai 5. CLAIMS 1. A nmethod of 1iquefaction using a closed
| oop refrl geration system the nmethod conprising the steps of: (a)
conpressing a gaseous refrigerant stream (144) in at |east one conpressor
(132); (b) cookihng at t [ cm nﬂﬁé rj.ger ant
stream (144) i Ir11ha f?r?thﬁﬁga%faagggﬁaengg?g ?2 (%@%Z%%a ﬁgu%th&ﬁé th?
first por€oBpresIEhyassous r@‘rlgefan@ireaabtﬂpiﬁégs@m g‘m@tdaast [08E rdogwIressor $t3r?éam
fromthe foid §tf|r§?%ﬁlo‘ﬁx(gh'ﬂ%r SechndPortidh @4b) fgé r@ﬁ'gbaéc}g%d s(% l%) 39472“9\” de

a first expanded gaseous refrl gerant stream

subst %ht i althigd %pau@ry(ﬂﬁ@ wafr@éa ﬂg’a@sy'tarégmqrm@d)ﬂrst@omndﬂ@)smH@tfaatt hest| y

li quefi edefpgAgsra918), %ﬁ&rt‘ﬂénl%buhnﬁ?@hé?é%%ﬂ&wth@ﬁhe@xéf&%%é ﬁbti)oﬂtgh (QQ? ough
i ndirect heat éxchange against at Teast a first portion irst
expanded #RBviisthe gppequsTafiigetant stipam (b78) eniing ithe; secong ieabexchasayr, (1iMer ei n
the firstaQKRaORRLsARIEH p&Hibn Nh thRd i h :

expander 2136) ?'g substantlg Ily \%egr té. %rﬂe@gg& g]ﬁé%t glqrg}? Iirhgtfefp {bﬁtof
conprisin laime ool i ng the cool ed and substantially liquefied feed gas
streamy (102) through indirect heat exchange in a subcool er exchanger ( 1
12) against a second exganded gaseous refrigerant stream (172) exiting a
second expandefd-( 138)metBod of Clai B samgrisicg Hhensteps ofaher ei n t he second
expanded gaseo re&srh 58Ré St é%@g‘s( JrZ# ik tétr@gmt fa5emend) (138)
i S substanti alfb?/ g'% H% q i Clpéell m 3, whe?elcﬁ t he so?égﬁgé%i%anded
gaseous r%’?ﬁ’fﬁﬁ%ﬂ @tream (174) eX| t| ng the subcool er exchanger ( 1 12) is
conpressed in @)l OWUAHBS SathSreSARP RS S6thprled S gaseRB rd¥Rderdht firéim (RB5tn t he
first_expanded gaseous refri Zerant stream em?l ng the Second heat

exchaPger@ highPressuraroraeressardh#R)( 144) further conpressed in a high pressure
conpressor (13@). Scoolifg MFé BeMpRisséd ya8siusOefrigedritBtréamO146) inl §irgiHeat he
second expanded g{aseous refrigerant streamis derived froma second portion
(168) of Xe8apgRyi (@ conpressed gaseous refrigerant streamfromthe first
heat exchanger(d) 1 dxpanfing/t I&%h@ﬁrs@ﬁor%@'(fﬁ@of WaQ0L8IeR, EdMRpreSsishsBRLS | ON

(168) of the cool ed gaseous refrigerant strea 148) i's further cooled in a

third hea® f&@&fﬁﬁ&é?m((%%ﬁ'o'ﬁ;}h? ﬂtﬁt hegk ew@aﬂgw hange (st axpandee i) &

secorpd poprbliad o #B0kxedndelyasbosd re@ﬁgaaﬂeﬁreaﬁﬁm§ m;réingméém&t ARada (152)
fromthe first eﬁ@ander (136) and is t he second expander (138) to

provi de t9RSeQER FAHIZRALALRAM dé@@oﬁ%’“r@?rflrife?wdgrt (@hp{g}r@s copling, taed hod

of any ongcehd Gbaﬂéi&hgndge@(%a) alhl eHesfiirst ﬁé&@eﬁ&%gér )m)anded gaseous
refrigerant streamis ived froma portion the first expanded

gaseous ref ri gé ant QPR BUbSA?"rTf@ﬂ'Yld'SU%fV'”QI a. fepd gqmétlr%?’ﬂ 8P thserah on
(570) is inaiFetedent éxehabde @.&t%ﬁ@ﬁé%nﬁé@%hsé&ush@%e%ﬁw 3{52]' frbf

agai gﬁ tgn’pgressed vag&r%se arated fromsubstantially gquefied feed gas
strean ex eI SRR insinesecrmhpeat sxchangsy (91§) aﬂdﬁtﬁﬁ'féﬁ“?ﬁ eé?ﬂﬁnéﬁé of
the prece@nagagtiai ns, further conprising extracting a portion (154) of t he
gaseous refri ?@r ant treamtgescendl ng, t he second heat exchanger

from an interndi at $9°8R'19; 1R GoRESA1d septantiafly H%“%'&Fcfe%%gﬁééf’éampﬁpa on

(154) in thhsughiingitechfait explvgtdsdaitsth détbnd BRpariddieddiedud fefadiraMngredin t he
pr ecedi ng erei,n the fa}%é as streamfor |i1quefaction is a natural

gas streayh %)_L‘ix't'”ﬂ?r% 998836?3% ?S‘t't?ﬁ9°|&’§(‘,%rlﬂnﬁﬁr(él 2l ms, wherein the
gaseous refrigerant streamis a nitrogen stream 12. A net hod of any one of
the preceding clains, further conprising warm ng 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 forma warned gaseous refrigerant stream and conbi ni ng
t he war med gaseous refrigerant stream (168) with the first expanded gaseous
refrigerant stream (158) exiting the second heat exchanger ( 110). 13. A
met hod of any one of the preceding clains, further conprising splitting



t he conpressed gaseous refrigerant stream (146) exiting the at |east one
conpressor (132) into a first portion (247) and a second portion (246),

cool i ng SWPAFHU58Y77portion (247)in a suppl enental refri GeFABIYHOEHEX em
(220) that conprises at | east one stage of a vaporizing liquid refrigerant,
cooling said second portion in the firsi3-heat exchanger ( 1 14) in step (b)
of Claim1, and conbining the cooled first portion (249) wth at |east a
portion (250) 0 S first
O enaer C39b) Uneldh? etﬁé)qir§ eXAAA0H OELSORigEN: {ParfX @gﬁgndopné fRsefLrs
to 12, fuexpandet i |a§\r1rtge $prond ¢wgnti¢fégewsé§fglgara@a§@m (ﬂ&)rw}@gahe
stream(l t rtlon
(447) and o (18 ire s RSanGil] YaR SRS Mrqr i preBhdte Bt e SRl
third exp& e?mouﬁ\dﬁmgﬁ@nt tﬁéfeﬁ@s(ﬂWchn% lewerathed e peasspier of dhe @2549) i n
the figst e%rdeg)éggédl‘QQEfr&g%} strféhﬂi(ﬁd??” conbi ning the resultant warned,
expanded first portion (part 166) wth' the gaseous refrigerant stream (158)
exiting the second heat exchanger ( 1 10), and cooling said second portlon
(446) in the TheSt RedbseMIESFEBEmM for%qﬂé%ctlo’ﬂ tERelRl dfiCiditd®, Wrhpriding: A

met hod of Claim 3 conprising the steps (a)’ conpressing a gasgous
refrigerant stPERGERAR) craultathegalrigeaten piccutoempesiogr (130); (b) further

conpr essi ng thgf,ggmgpé&ﬁg 3¢ys refrigerant stream (142) in a high
pressure conpressor (132); {c) cooling the con{)ressed gaseous refri erant

streah® (146) i ASgcend keat ﬁé@ftans%ﬁamjéﬂd’x gaupled fathe &isgh Aadl exghanger éH
first portion §1{Q) eRbarddae ¢96) ﬁﬂdly%fe@sﬁbe%éﬁ?s@%t reskhd 3('?"1%)555@3”1

(148) fromthe flrst heat exchange in a first expander

provi de a3#aRteq t%@ﬁ&&ﬁ%é"@ﬁi’%éﬁ%‘% (LREY &am the i éﬁir‘?ﬁ@ﬁ@@)‘an%ﬁég‘é)n t he
first expandedagasspbéxpafbis (QQB)aﬁILdI%E&ﬁﬁéH @ﬁ@k&am&ﬁ%&%@ ?M%?BH'&V

(136) provides cooling to a second heat_ exchanger (9 first heat
exchanger afapied to ‘{“é?pfc%étr‘i’% obsefrigerand (i) fram tpe Isﬁ‘@fﬂ& 'ﬂﬁ%ﬁgx“d‘anééﬁméﬁ)s stream
(100) 14 hrough hn#lird &fdat R&Bkaryer Nagenadpi dosblebin® fre ﬁ.tst RYBATER 1965 §RY'S
refrigerant stream (152) fromthe first” expander (136) in _the second heat
exchanger adapied 1o Afcepleaffirpls expanded gaspayiy eefrigerany stregm (169) &apc s fifsy t he
cool ed angxgarBet @Bb) and yféédcgégfgt,@gmf(qe - g stream (102) through indirect
heat exchange agaj nst a secon gaseous refrigerant stream ( 172

exiting a secoﬁ&“'é?@ﬁ’éﬁﬁ&é?he{"gf%vzs)ﬂu"i'y§8%6@)F%§heé§l‘6‘i‘1ﬁ?@]@°'¢aﬁﬂf2§11\%6‘?% n

the firstRXR20AEExPaATREY338)edNd S@IAY forldcBaptahdd ) tHX ikl st R ahi {1@%
expangder &136 and t he second egé)anded gaseous refrigerant” stream

exitify t B¥rd heabextar9gri38y)- are substantial ly vapor, and wherein the
pressure of the second expanded gaseous refrigerant stream (172) is |ower
than the pressure of the first ei}ganded aseous refri (t;erant stream (152).

16. A closed | bop s§<sVERM &iClpiny iR redarted W%dﬁ%‘?ﬂlww foryligugfagtion by a

conpri si ng,etr@dr&‘ghygﬁéafcgnnggwmt the refrigeration circuit conprising:
a first heat exchanger ( 114); a second heat exchanger ( 116) fluidly

coupled to the first heat exchanger ( 1 14); a first expander (136) fluidly

couplzgl to thetd.irsp ﬂa@ﬂhbdeofqmae&efor( ofl algbsedns f@éﬂﬁnglﬁe d @Io@é‘dl%lab Vaipdt I eam
of refrigerant %150 omthe first heat, exchanger a second

expander {P85IOP QYF |'9/a"é'?:ﬂjﬁ¥ &ast e ﬁépai\QEEﬁwd"'}?é%f‘ taé&%‘a@qe presys oy

adapt ed t secdfg @Rparkdes i Eﬂfériﬂfanr mérd@ﬁé@@tpréésma of éqmttéa@aﬁ@é‘roa@b Batein
exchanger 1 .16 a thi rg ?E&exchan (t 10) fluidly cou(gl ed to the
i) Bef

first exps‘%dﬁte( BYerahigyi st @ Padt @qu ?fr'g%rae%mad@ dgigfy the
refriger agasedlis fsean ( 154) fromthe first expander (136) and a feed gas
stream ( 1 10); and a subcool er 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) fromthe third heat exchanger (
110). 17. A systemof Caim 16, adapted for closed | oop system for

| i qguefaction by a nethod of any one of Clains 3 to 14. 18. A nethod of

| i quefaction of a gaseous feed using a cl osed-|loop vapor expansion cycle
having at | east two expanders, wherein the discharge pressure of a second
expander is |ower than the discharge pressure of a first expander, and
wherein the first expander provides at |east a portion of the refrigeration
required to liquefy the gaseous feed.



