PYRROLOTRI AZI NE KI NASE | NHI BI TORS FI ELD OF THE

I NVENTI ON [ 0001] This invention relates to novel
WORTme o35 i azi ne conmpounds that are useful as PCT/US2006/044843

anti-cancer agents. This invention also relates to a

nmet hod of using the conpounds in the treatnent of

proliferative di seases and to pharnmaceuti cal

conmposi tions containing the conpounds. BACKGROUND OF

(Trk) are a famTy of receptor (yrosSiné Kinases
o)1 f c ' nbers, TrkA, TrkB and TrkC

kSDiard W gh—a+finity to, and nediate the
signal transduction induced by the Neurotrophin famly

[000d] | i dEinipresbatsiavertidroisyPRetRidofr analygidyed y@aB1s\dkdearbon
Factor (NGF), Brain- Derived Neurotrophic Factor

samplgpmdptesminher eampgsition 8f thesammple.- In parficklar\ihedsaamle is

NT-5). In dition, CO- ept.or .l acki ng. enzymati c
analgsd Y p g BepmaidBtapBad Ao Paton e DA s
AeHpd;r ophines (NTs) with low affinity and regul ates
neurotrophin signaling. A critical role of the Trks
and their ligands during the devel opnent of the
[0002Ent r Heteplenpasanymes ate aeamlisatedsyireparbhnveixbizres containing

ffSt abl ilshed %throu .gene di S{iu tiqn st udi}gs in m.ce.
parafifis, G¥¢ G RTaH sy MNINAE aromaicy Bngy apeys dftsrpatamie

' UkVi okycertal [ " .
hydrEEERC ROk ccherolfy O Sy END ViEGHRUBIARE GBRR Bs contain
mol&u@Ralfiagidd boifiddipoimtahge froasRighey @bRBIETY, ldrocarbons to
consequences of Trk signaling, the subversion of this
nonviodajdpasphalteses.t Anpilypisnof pejroleniwaynposiiden vhvarious boiling
mal i gnanci es has al so been docunented. O particul ar
ranggtisdicPESare HYr IRUSIO MR HMSCRUSIN PEQFWHCf NGF and
TrkA receptor kinase are inplicated in the devel opnent

SUMMARY qOF 35 NVHENTIONN prostatic carcinoma and
pancreati c ductal adrenocarci noma and activating

10003 o gafores Pl AR amietton b SRiFrNAE Hienpesiien pga
hydrB84bbE AN, PRE Rletidd HLARS tRE F%h& P? Qnélgz the sample with a

constitutively activating 1n co unor n a

combinatitue 8€ cimataiaph dnelchasy spestromleestahedirebokicilpeht @utput
..and ligand have also been reported in a variety of
with oihasanalytissl messwrementiol ganstase mpelfoennsistesitanodael of
neur obl ast oma, , oyari an _and pancreatic carci noma. The
COmP@eﬁl%}Pﬁﬁﬁ%dh}ﬁ%ﬁ@ﬁ on 2P espondi ng Trk receptor
subt ypes have been shown to exert a variety of
[0004] ei ofln apireforasipansedinwmt,the iconditatisl bfthe chedmbiopgaph and
enhanced tunorinvasi veness and chenotaxis, activation
massgipeaisometsils 2 gas ichtoratographffield domizatiew fime-offlight mass

O £ e
reco%c{?l?éﬁ%ﬁh o ARalytRhi SRAN e MRhAN B as {hlbgg gl%\%lﬁ g{éﬂé}'@ﬁical

spec

obl ast onms, ancreaglc carcrnoids an
fluid\aréorabtogedphiyea@RT); bl fandmiuate® dest DREORESIVENISY eimulated
.. tumors including Win s tunor, neuroblastomas and
distiltesipm (ISGSIMQISD@% anflduelemenptianalyaisgd HEMR and €€ -dilame
.Sﬁbt s hav ﬁjgﬂl licated in_these cgncers either
Tonizafipp Ligtectiany 1Dl doppotsmal paratiims nEhe seronsHed Aot sivey2

G BLABTRGSL L A DY B, B3P RSRET 28ha

significantly attenuated reduction of bone pain caused
by prostate cancer netastasis has recently been
achieved by utilization of anti-NG- anti body. Overall

t he oncogenic properties of Trk signaling in nultiple
tunor types nmakes the nodul ati on of the Trk receptor
signaling a potentially attractive therapeutic
intervention point in different malignancies. [0003]
Receptor tyrosine kinases (RTKs) are inportant in the

o s o o " o o



of either TrkA, TrkB, or TrkC kinases, individually or

i n conmbi nation, have utility against sone of the nost
woamTmaisancers such as brain, melanoma, nulti pC®US2006/044843

nyel oma, squanous cell, bl adder, gastric, pancreatic,

breast, head, neck, esophageal prostate, colorectal,

l ung, renal, ovarian, gynet%roglcal thyroid cancer,

and certain type of henatologlca

mlcrﬁﬁ%’cﬁr}@é}%bﬁ anbipiR! MIPANGAEH Brd 6 dWs ihbt fNYEOFEIHY of

05] The invention provides for conpounds of for rrul a

petmleumrmfmr,}epntqcemescorrp05| tions errpl oyi ng such
conmpounds and for nethods of using such conpounds.

BRIE?%éCgPP?féN@FHmE%EgWﬁG@ esent invention, there
la 1 (1) vvhereln t he
nbol s have the foll owi ng neani ngs and are, for each
[00(’5{ cur ridgees 1 shelwp theevarnl) psetioeel @‘ngeryérQﬂaﬂﬁm Analysis.
bond, -C=0 or -CHOH Y is C3-C8 cycloalkyl, C-ClO
000% a r h -
000K} 3 il O 84 a1 ST Bk B B8 B AEKYor

MS gxgmpsmdpcmlemaizérya stidsboilingadngé.th 1 to 3 groups
selected fromthe group consisting of hal ogen, -OH,

10007} iR sl i e R RS ekt epparic

moleduk@xy, substituted al koxy, aryl, substituted aryl,
aryl oxy, substituted aryl oxy, CF3 and - OCFa wQof

ich be attache the sanme ring carbon atom
10008} o1 dBa s eHe G S-EAT O QYRS qaHeIv P b 30D mglecules in
(CH2V where p is an integer fromO to 5,
tOtaﬁ‘{(@% 5@"&‘0{ 'S(0) -, - S( 02-, -S(O 2NR4-, - NR4-,

_NRASCR-, - NRAC(=0>, - NRAC(=O) NR 5-, - NR4C(=NH) NR 5-,
[0009NR4 CFigRIEN) iR Vs the,mm(v@:nssmse)fmars ofNesY beirReGas a
NR4A SO2NR5- NRASO2CHRS5-, - CHRASO2ZNRS-, - NRASOZ-,
ﬁlnc“ﬂh@é@?é)bfénum R§$=0 NR-, - CHRAC(=O) NR 5-, - NR4C(=0) CHR

5-, -CHRANRSC(=0)-, -C(=O) NR 4CHR5-, - CHRANSO2-,

[0019pHR4 Eighie@3hows ﬂﬁﬁ&lﬂ%@ﬁs@bﬁ@é cores oIS PpERoleum.
C(=O NR 4C(=0)-. - CHRAC(=O)NR 5C(=C>, - NR4C(=0) NR

o0 BE Ol 5850 e s S 485 rfnaen,

ﬂuorfﬁgﬂa | k¥dnzothio C -aromatic group and 5 or
ere ﬁetleﬁearomtl c group, wherein each of the

foregm ng R4, R5 and R6 oups are independently
[0012h i ofdgtny Ssshesys sanailg S@ﬁwea agapgedbhE - @lﬁsmsRemng:from

rlghtge E&h}}e mg %ﬁﬁgqsoal @Egg égfjugégis ggp}gg'saf{@te&l ring saturat(e:s etc.

bi cycl oal kyl, C-C o aryl, C5-Cl 3 heteroaryl, C4-Cl2

[0013jet er diguricy) shaves Bring Bometibeoss dnmr@eddgyok-owsk,ypre%ﬁﬁbd
each of sai d groups optionally substituted with 1 to 3

struc@;r%gg @ldi ected fromthe group consisting of

hal ogen,-OH, -OR7, -C(=O OR 7-, -S(ONHR 7, -SO2NHR 7
[0014]SO2 RFgeglﬁle KYI shoststas hhg léﬁr&ﬁaﬁé k,eﬁes thmavewa%sség%kﬁaﬁe

-"OCONH CONHSO 2
evenilﬂlegﬁnﬁz‘dﬁl, -&ak6,0xy ;2 sﬂ;ﬁst i t ut ed aI koxy, ar yI

substituted aryl, R7 is hydrogen or Cl-C4 al kyl ; -

[001§a]>/0' Ok kih 1 Abys ?‘g}ﬁg%{ﬁ%nc QS@éﬂ&ﬁ%&w&%ﬁﬁgﬁ%ﬁft&ke the

| oX substitute

even\iyﬁtbgérsrrw Ige @t.ua.ghgdzto the same ring carbon atom
provi ded that the resultant conmpound is chemcally
stable; R2 is H halogen, -NR8R9 Cl-C6 al kyl, C1-C6
al kenyl, Cl-C6 al kynyl, C3-C8 cycl oal kyl, aryI al kyl or
CA-C heterocyclyl with at |east one atomon the ring
selected fromnitrogen or oxygen atom and each of
said R2 groups optionally substituted with 1 to 3
groups selected fromthe group consisting of -OH 50RS,
-NH2, -NR8R9, - CONHR 8, -OCONHR 8, - CONHSO 2R8,
-NHCONHR 8, -SR8, -S(=O R 8, -SO2R8, -SO2N R8R9; R8 is
Cl C al kyl, C3 CG cycl oaI kyI ~an optionally

__L.L.L__l o, o



R8 and R9 can be taken together wth the nitrogen atom
to which they are attached to forman optionally
weubwstociazs ed heterocyclyl ring; or a phar maceuPCtaiSkop6/044843

acceptable salt or stereoi sonmer thereof. [0007] In

anot her enbodi nent, the invention conprises a conpound

of formula Il whereinwhereidWis -CR 9 - or -N; R1

is H C-C6 alkyl, arylalkyl, C3-C8 cycloal kyl, C9-Cl4
[0016] cycl Rigule/12 sHow§4Jffa%5rbinatiGSco€és hat BEPRkWlassEéHat take the

heterocyclyl and 3 to 8-nmenbered heterocycl oal kyl an
evendatiges - Khi-8, - elip?, 0,2,iandghe pdd ubtepetsutldd-%i-Th-51 -3,0131.

groups selected fromthe group consisting of

| og - 2 -7 - G= - - 7
100176 RMean Sl i IRG e et Rk ey AR ven
integeeCARE, -6, GONEISORR7, - NHCONHR7, - CH2OR7, - CH2CH2OH,

al koxy, substituted al koxy, aryl or substituted aryl,

i's dro or - C.al kyl; C3-C6, cycl oal kyl, ary],
1001 | 5 RrePE P i o et i il ey PasylasseS alids (-10,
_Q _8ubstyt I X : - TWO of which nmay be
8, g’t tbréc gé??%ntaﬁ)\ghggﬁlgssr%sgc ggﬁ%ﬁt om provi ded t hat

the resultant conmpound is chemically stable; R2 is H

[001Rh) ogdrigurenBsloweplefinang thiapheae comsahiichape, x-Clasgs that
al kynyl , C3: cycl gal kyl , arylal kyl or C4-Ce
take ﬁ}é?%}‘ﬁﬁ%%fﬁyi&fugt h&’ég’ 'Izgﬁstz' one atomon the ring
sel ected fromnitrogen or oxygen atom and each of
[0028hi d REHggreolfEsshupts the @uinulstivesvieight @erosnt Histilled oFf as a
groups sel ected fromthe group consisting of -OH ORS,
functigpipl boNjeroint. CONHRS, - OCONHRS, - CONHSO2RS,
- NHCONHR8, -SR8, -S(=O R8, -SO2R8 -SO2N R8R9; R8 is C
[0021]6 alFsphre Bt Sovey e QahtiihtiveiiroRtidifrdutivn Sehtls aithgded
aryl or heteroaryl group; said substituents on the

distribubishias at fadctioy lof boilmghsdint. ut ed het eroaryl group are
selected fromthe group consisting of one or nore

dro ogen, al kyl, substitut kyl , . al kynyl ,
[002%']}: bst ?ﬁ@%@ﬁ& %Xifl (ﬁa_%&%ﬂ Eﬁ?ﬁ’é’f’i Ctefﬂftoiidn%ﬂmy, aryl ,
substituted aryl, aryl®afkyl, substituted aryl al kyl,

aryloxy and substituted aryloxy; R9 is hydrogen,
[0025k ogdhigure L7Gshaivks/a flodrel@st forche siidogksive sabstitutibk oxy ;

or.ES.an R9, Caan[b taken together with the nitrogen
recongiMatiomalgerighm; ége BFeSeRE INXERERN-t 0 form an optional ly

substituted heterocyclyl ring; or a pharmaceutically

DETAILED PHSCRETION OR THEYPROFER RIIBERHBODIVANITEN

anot her enbodi nent, the I nvention conprises a conpound

f f ) wh inWis -CR 9 .- ~N- R L
0024 NleBy RN Ehde it beeatesiiciseriagimbosites 4
petro R RO Py PR stime, and el R0 Kol Mol coplar

compmsitiomsfofaride otlound impimedialel refineBsstidani £akeWeltinput 0 3
groups selected fromthe group consisting of

paramefetgieonSirgryre @:iznted@(w@m (BOQL) 180c@sNaRddls, Optiatikidle
Retnd T RN R B im0 1 o
T e -

theseaii6dslahkye bedsnit uséfyy For Hoth guitRinge 988 eve RBhRIM Y R&D.
aryl oxy, substituted aryl oxy, -CF3 and - two of
prografiisc Motagulbe campasitied hiae bebems dinebasis forodevietoping the current
pr ovi(gfd that the resultant ,cog@gund IS chemcally
process gidels gpd aviHaingmthe cpaamis valseapicapieods Theeuirent art of
st ereoi somer thereof. [0009] Preferred conpounds of
the invention include the follow ng
| -(5-{[4-am no-7- (| -nmethyl ethyl)pyrrolo[2,|-fJ[I, 2, 4]t
ri a2i n-5-yl]carbonyl }- 3- ‘
pyridinyl)-3-(2, 4-di chl or ophenyl ) urea;
1-(3-{[4-am no-7-(1-net hyl et hyl ) pyrrol o[ 2, 1-f]
[1,2,4]triazin-5-

~ [~ 71 1 N L T T T Y 1 T T 1



| <5-{[4-am no-7- (| -methylethyl)pyrrolo[2,|-f][I,2,4]tr
i azi n-5-yl]carbonyl }-3-
woypoi7therss) - 3- ( 2- f | uor ophenyl )urea; |- (3-{[4- arCnWs2006/044843
-nmet hyl et hyl ) pytrolo[ 2,1 -fj[l ,2,4]triazin-5-
yl j carbonyl }phenyl)-3-(3- cyclopropyl
1- et hyl - 1H pyrazol - 5- yl) uréa;
| K5-{[4-am no-7-(l-methylethyl)py trolo[2,I-f][I

obtafnift %gétréﬂ%hﬁéé?%bbﬁfiﬁﬁ‘?Hﬁelkleﬁzvarlous stages of distillation and

pyrT di nyl") oro
fracﬂler(a510h[féllamedday7d€(thrlét’13aﬂialifsiﬁ hyhjc@itinaedlp] sindll bdhpleXsize and

543triazm 5-yl ] carbonyl é
neeqoﬁm iquidytepules ean by amgm ﬁgnt)han@er for applying the current state of

the aﬁ éqqléée m ‘%%Fégé b(% &%g%%@%ﬁﬁ{@%ﬂé& dé]ﬂ[l ot units used
in cd{éflkfgé fe&fkﬁ?# %Féb%%h%%h?ﬁ% Ie§§ Yldd] §fam of total liquid

prodﬁcﬂ%’lﬂ&B’)n Eeit |v§l’HEﬂ gudtiededt yotunid 6f sample is avallable for the
2,4 triazin-5-yl}carbonyl)-3-pyridinyl]-3-(2,4-dichlor
tradltjpnelrghamntgazatlon it is a time-consuming process that limits the rate at
no- 7- (1- met hyl et hyl ) pyrrol o[ 2, 1-f]
Wh“{}‘ls,(dﬁ}ﬁlg’st fam,b¢ Aualy %‘F‘} -car bonyl } - 3-
pyridinyl)-3-[2-(trifluoronethyl)phenyl]urea,
[0025] (2 3f |(M|1@gl}2 trbcé&otudmatybrs [(MELAY kB sIRts| oYMl dcdpdrRin€d as
ri azi ne-
lllusBaT@drlb ngureph ébyMpagirementsdresolutiay hdentifjcation; and

quaqtﬁicgtl[)rg) ota}rlr}ll(irocar ohsc%rr)r{po%}tio %/}t, E:grln gnlng cilrcglkat%g?apthqe az

sepa{dt%ogla @l‘fﬂ i é%ng’%gﬂ'gd ;E“f% ﬁ?%@ﬁtﬁ% Fl% %t%lﬁy{a%&)ﬁ%@%’ljéeﬁﬁﬁgn and
acculate Zak ahhB&isniba :E)Yéﬂerred embodiment, chromatographlc separation is
car bonyl } phenyl ) - (1, 1- di et hyl et hy1)

performedhihgaly Mmanggr)aphw(@y})amﬂ }(EHZ@ti(inuséxy field ionization (FI),
. 1 -{3-[(4-am no-7-isoprop pyrrol o[ 2, | 2. 4] tri azi
high ﬁ@@iu{wl} and BesHrRicIRa2 ﬁmi st llmr@%ﬂlght mass

specfr?x{r%tei]( Cﬁfﬁé %%ﬁgtfgq{@f’%tgﬁlo t?ag%%%}]lié%urements to generate

modél%f%tﬁﬁﬁ&ﬁﬁ’&l“ln yref@feﬁyemﬂdﬁlﬂﬁéhﬁsz %the'i_? ahthcﬁP‘measurements
3-[ ("4- am no- brormpyrrolo[ZI 2,74 triazin-5-y

1nchid)3 sapaenyichpfleid/¢hrofatdgapghyand’on hqpitbd:htb)nat@g*ajbhy Bor
4-am no-7-(l. -methyl ethyl)pyrrolo[2, 1- f{{l
paraffmn, naphthepe gng agpmatic ring type measurements sulfur and nitrogen

elemép%ag @SI?% %@B@?%Q (913%151 a e%ﬁﬁlrr)%lmula éd (ﬁlstlﬂotlgrl? 9or yields,
proto1n NRIR [F6r 31&'1?1000?11&@ a'ﬁﬁt nl}}ﬁlﬁ%ﬂp)gpéﬁ}fyofog’ bhdrrhaf paraffin

1,234]triazin car
measmydsmdmﬂsyl )-3-[4- (dl met hyl am no) phenyl ] ur ea;
1- [ 3- ({4- arri no- 7-[ 3- (di net hyl am no) -
I MeBhBRinrCd b iRoRb0.aC I TOR Mass Spectrometer
cycl opropyl 1- et hyl - 1H pyr azol - 5- yI)urea
[0026} { 3- [{U-FIFT Ob-1asssspecpyieeyis theofdde lcohdridneft of Micro-

I, 4]t 5- b [ ] ph
Hyd@s:'(l o%;l_/g;%lgqslgf ﬁbgh&{epoa%g]g,pG%nls u}sed to separate hydrocarbon

specit b i b of pob Rt WRNGHONE LRaRhe o Solmnprcst Ipe

techrﬁ%lﬁ@aélﬁlfes"’tﬂ‘a!WI% bSARE PR¥lt rRNge ALHGhEndtidtbd in Figure 2. Field

triazin
1onlzﬁ1t10m: prdmdgé $qfh eomizdticr ¢Phydeobarbopp meslgbiles.e8pecies co-elute in
1-{3-[(4-am no-7-isopropyl- pyrrolo [2, 1-f]
[152,4]triazin-5-
) car bonyl 3pheny| }-3-[2-(trifluoronethyl)phenyl]urea;
{
)
{

3-[(4-am no-7-isopropyl -pyrrolo[2,] -f\
,2,4]triazin-5-

carbonyl]phepyl} 3- ( 3- net hoxyphenyl ) ur ea;
3-

yl
1-
[1
yl
1 [(4 amno |sopropyl pyrrolo [2, 1-f]



1-{3-[(4-am no-7-isopropyl -pyrrolo[2, 1-f]
[1,2,4]triazin-5-
woRdwaesayl | phenyl } - 3-[ 4- (di ni et hyl am no) phenpCTmsemp/044843
| -{3-[(4-am no-7-isopropyl -pyrrolo[2,|-f][lI
2,4]triazin-5-
yI)carbonyI]phenyI} 3-[4- (bénzyloxy)phenyl]urea
1-{3-[(4-am no-7-isopropyl-py trolo [2, 1-f]
G -
C f/véreixge?]gfgﬁ???‘p’lggg mas_ssspggltrr?lgle%er 3TO MS resolves isobaric
moleb &- (nfdlecute s shate Itlse)sumaylbnnmﬂrrﬁhss HUZ dlﬂfefdnt in exact masses,
El 2,4]triazin-5- yl)carbonyl]phe pyl}-3-(l
e.g. Cabemedailt S \dogblety withaAM=93.9 mDa and 90.5 mDa, respectively) by

1- {3-[(4-am no-7- |so rop6 yrrolo [2, 1-f
highmmass r@f,qlmr&pqwg M/AM>5 OO)p Combined with GC separation, hard-to-

reso le%pia?r[rs? g_l{] n(gl/gﬁi §é&l—g§§}ll’%§9}’ WI% (AMT§ 2/mDa) and O/CH,

(a8 e Sl S Pagially 15RaR R s tprtzatpg in Figure 3
Rescﬁﬁ’?&?h?m J{lhs LO]LE H&rmﬁl%ir&]}ﬁn-ghﬁd d&EhﬁWe%s%@loparafﬁns

|n|t|o terms
Wereﬁlﬁze;edfdncxﬂ;‘mmatog“fﬁlﬁnb métehAbn ﬁﬁfdsn TOPMPaRYiadestately a
group or termherein applies to that group or term
deternpings fromasses @fglp@hydnwaxhomcqmmnmmgwﬂy aperms opdess than 3
noth r grou un S otherw s di cated. [00Q11]
mDafy PSRl oo RSy ihe pepsses cromes B dofermuineds Cabt 4
bon
emAIRHAS Rt S oREGRRT LIRS o ol pRheBl 00 o1
"l ower al kyl" refers to unsubstituted al kyl groups of
1 to 4 carbon atons. [0012] The term "substituted
al kyl" refers to an al kyl group substituted by, for
exanpl e, one to four substituents, such as, hal o,
hydr oxy, al koxy, oxo, al kanoyl, aryl oxy, al kanoyl oxy,
am no, al kyl am no, arylam no, aryl al kyl am no,
di substituted amnes in which the 2 am no substituents
are selected fromal kyl, aryl or arylal kyl;
al kanoyl am no, aroyl am no, aral kanoyl am no,
substituted al kanoyl am no, substituted aryl am no,
substi tuted aral kanoyl am no, thiol, alkylthio,
arylthio, arylal kylthio, alkylthiono, arylthiono,
aryl al kyl t hi ono, al kyl sul fonyl, aryl sul fonyl,
aryl al kyl sul fonyl, sul fonam do, e.g. SO2NH2,
substituted sul fonam do, nitro, cyano, carboxy,
carbanyl, e.g. CONH 2, substituted carbanyl e.g.
CONHal kyl , CONHaryl, CONHaryl al kyl -or cases where
there are two substituents on the nitrogen sel ected
fromal kyl, aryl or arylal kyl; al koxycarbonyl, aryl,
substituted aryl, guanidino, heterocyclyl, e.qg.,
i ndolyl, imdazolyl, furyl, thienyl, thiazolyl,
pyrrolidyl, pyridyl, pyrimdyl, pyrrolidinyl,
pi peri di nyl, norpholinyl, piperazinyl, honopiperazinyl
and the like, and substituted heterocyclyl. Were
not ed above where the substituent is further
substituted it will be with alkyl, alkoxy, aryl or
aryl al kyl .[0013] The term "hal ogen" or "hal 0" refers
to fluorine, chlorine, bronm ne and iodine. [0014] The
term"aryl" refers to nonocyclic or b cyclic aromatic
hydr ocar bon groups having 6 to 12 carbon atons in the
ring portion, such as phenyl, naphthyl, biphenyl and
di phenyl groups, each of which nmay be substituted.
[0015] The term"arylalkyl"™ refers to an aryl or a
substituted aryl group bonded directly through an
al kyl group, such as benzyl. [0016] The term "aryl oxy"
refers to an aryl or a substituted aryl group bonded
directly through an al koxy group, such as nethoxy or
et hoxy. [0017] The term "substituted aryl"” refers to

Y




| east one carbon atomcontaining ring, for exanple,
pyridine, tetrazole, indazole. [0019] The term
woOabkmayd3s refers to straight or branched chai RCT/US2006/044843
hydr ocar bon groups of 2 to 20 carbon atons, preferably
2 to 15 carbon atons, and nost preferably 2 to 8
carbon atons, having one te6four doubl e bonds. [0020]
The term "substituted al kenyl" refers to an al kenyl
group substituted by, for exanple, one to two
Tabl@ulbsfh@ AEPIASE eHOEhiNaBasSAEasurppgntsare lessithasy 3 mDa.
al kanoyl , al kanoyl oxy, am no, al kyl am no,

di_al kyl ani no,

al kanoyl am no,

t hi ol ,

al kyl th
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nitrogen and sul fur heteroatons may al so optionally be
oxi di zed and the nitrogen heteroatons may al so

[002Mt | on@luhiitifi€atitnd RGO-EETO Hstaietafredymitiin tero ovgy shdlirst
bé attached at any heteroatom or carbon atom [0025

respBResfiictory offsatopaiunebere (er mejesular yeighpswensddeteiained using a
. pyrraljdinyl, pyrro .~ ndal yl , razol yl .. oxetanyl,
mlxﬁ‘}? 2 811‘% F?Z‘?"prﬁ %%rk({?ﬁ (C Fch&@éz &eBMﬁlq 11¥?1{dc}az ol i di nyl,
oxazol yl, oxazolidinyl, isoxazolinyl, isoxazolyl,

thiazol yl, thiadiazolyl, thiazolidinyl. isothiazolyl,
i sothiazolidinyl, furyl, tetrahydrofuryl, thienyl,
oxadi azol yl, piperidinyl, piperazinyl,
2- oxopi perazi nyl, 2-oxopiperidinyl, honopi perazinyl,
2- oxohonopi perazi nyl, 2-oxopyrrolidinyl,
2- oxazepi nyl, azepinyl, 4-piperidonyl, pyridyl,
N- oxo- pyridyl, pyrazinyl, pyrimdinyl, pyridazinyl,
t etrahydropyranyl, norpholinyl, thianorpholinyl,
t hi anor phol i nyl sul f oxi de, thianorpholinyl sulfone,



i sochromanyl , isoindolinyl, naphthyridinyl.
pht hal azi nyl . pi peronyl, purinyl, pyridopyridyl,
wqubetasoi3s nyl , tetrahydroqui nolinyl, thienof urpCT/US2006/044843
t hi enopyridyl, thienothienyl, and the |ike. [0027]
Exenpl ary substituents include one or nore al kyl or
aryl al kyl groups as describéd above or one or nore
groups descri bed above as al kyl substituents. [0028]
HydAdcaobomelassbadp aia i bbkthe C i i i
y. epoxi des_and I;Zi ridi nets),. [%%Iig] ﬁﬁr%?%??ﬁsgggﬂ?% ?i/oglj?t%:cs and
3-ringrtrayomatics grarb moymbalized tocthet determaicdtbyehighatuslatie,

artial saturated or unsaturated, nmong or bicyclic
Sup %ﬁ“i?@ﬂ’%@ ﬁﬁmfﬂﬁé‘g’f o Oy Ghrgmatgeraphigdechniques.
Particularly, this includes a nonocyclic ring

[0028pnt ai Redwtionaf GCHIOTOFUata idhaka lonCddrined reRRtBhHR
9 or 10 atons. Suitable values include cycl opropyl,

windoye pa aegurateaypessopirdopr forcwarionis dyykocaclyan spepssy The
di h drﬁindeqél and tetrah drona%pthyl. The term
mea&%ﬁ%@ geeyales gLompasyien that will berfarther rpeopeiliptegywith ether
E NG . cyclyl™ herein indicates that the
anmi%ﬁ%&%%%??%%%?%g may be substituted at one or nore

substitutable ring positions by one or nore groups
[0029h d e pdrnenierm repeasabidity of MhLAIWgs stagicef @r bothyalkyligmzene

stancﬁ:s&élggl igyﬁ'gﬁ?%ugcg{aef rg%&nlﬁﬂv\g a'éﬁé %@Q}i}{@;i%ients. Field

. di- ; .dil I i
o 4 1 R Lo L RO 0 g
sensiailvg?r\@ﬂes Ve ﬁﬁﬁ@dﬂwb'ﬁhﬂ%@ﬁid‘ié‘&ﬁﬁ? earmp arblks'od\%snds on the

di al kyl am nocar bonyl, alkyl am do(preferably
type af ripittensiuded in thekexpeainterits. (Fur giractidal ypplidativas, a mixture of

| k I | kyl), | k b I f bl
alky haigrnes (g GasbaisAna 78 Dp crarBGIAfi yserias of exmployrus. In
: d | f bl h 1),
s ST A L S B
fluctadtions iﬁ@b'r@ﬂéﬁfioﬁ:ti:ﬁ?é(é{nchH&asﬁlgm. The term

"het er oat ons” sha i ncl ude oxygen, sul fur and
nitrogen. [0031] The conpounds of formula | may form
salts which are also wthin the scope of this

i nvention. Pharnaceutically acceptable (i.e.

non-t oxi c, physiologically acceptable) salts are
preferred, although other salts are al so useful, e.g.,
in isolating or purifying the conpounds of this

i nvention. [0032] The conpounds of forrmula | may form
salts with alkali metals such as sodi um potassium and
lithium wth alkaline earth nmetals such as cal ci um
and magnesium w th organi c bases such as

di cycl ohexyl am ne, tributylam ne, pyridine and am no
acids such as arginine, lysine and the |ike. Such
salts can be formed as known to those skilled in the
art. [0033] The conpounds for formula | may formsalts
wWth a variety of organic and inorganic acids. Such
salts include those forned with hydrogen chloride,
hydr ogen brom de, nethanesul fonic acid, sulfuric acid,
acetic acid, trifluoroacetic acid, oxalic acid, maleic
acid, benzenesul fonic acid, toluenesulfonic acid and
various others (e.g., nitrates, phosphates, borates,
tartrates, citrates, succinates, benzoates,
ascorbates, salicylates and the |like). Such salts can
be fornmed as known to those skilled in the art. [0034]
In addition, zwitterions ("inner salts") nmay be
fornmed. [0035] All stereoisoners of the conpounds of
the instant invention are contenplated, either in

adm xture or in pure or substantially pure form The
definition of conpounds according to the invention
enbraces all the possible stereoisoners and their

m xtures. It very particularly enbraces the racemc

r o,
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G030273
G030278
5030283
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AVG
RSD

G030335
(030339
AVG
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G030341
030344
G030345
AVG
%RSD

G030410
G030415
G030421
AVG
%RSD

G030422
G030423
G030425
AVG
%RSD

G030427
(030430
AVG
%RSD

G030507
G030512
AVG
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Press, 1985); b) A Textbook of Drug Design and
Devel opnent, edited by Krosgaard- Larsen and H

weundgamss, Chapter 5, "Design and Applicati onPOT/US2006/044843

Prodrugs,” by H Bundgaard, p. 113-191 (1991); and c)
H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38
(1992). [0038] It should fuBt-her be understood that

sol vates (e.g., hydrates) of the compounds of fornula
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nedlcanent for use in the production of an
antiproliferative effect in a warm bl ooded ani mal such
as a human being. [0041] According to a further
feature of the invention there is provided a nethod
for producing an antiproliferative effect in a
war m bl ooded ani mal, such as a human bei ng, in need of
such treatnent which conprises adm nistering to said
animal an effective anount of a conpound of fornula I
or a pharmaceutically acceptable salt thereof as
defined herein before. By virtue of their ability to
inhibit TrkA, TrkB, Trk C FIt-3 and Tie-2 ki nases,
conmpounds of the invention can be used for the
treatnment of proliferative diseases, including cancer
The TrkA, TrkB and TrkC receptor kinases have been
shown to be expressed and activated in tunors
i ncluding thyroid, breast, colon, and el evated Trk
receptors and correspondi ng |igands have al so been
reported in a variety of tunor types including
mul ti pl e nyel oma, nel anonma, pancreatic carci nong,
neur obl astona and glioblastoma. It is therefore
expected that inhibitors of the TrkA, TrkB and TrkC
ki nases will have efficacy in the treatnent of tunors
that depend on signaling fromeither or both of the
two receptors. These conpounds are expected to have
efflcacy elther as S|ngle agent or in conbination
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sequentially with known anticancer or cytotoxic agents

and treatnent, including radiation when a conbi nation
woanimcstsson i s i nappropriate. [0043] The ter nPCT/US2006/044843

"anti-cancer" agent includes any known agent that is

useful for the treatnment of cancer including the
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carci nomas non proliferative; inhibitors of
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acting agents such as

vi nbl astine, vincristine, vinorelhbine, vinflunin
[00304c i t"gls@ﬁna sier ef Mlgro-Hydrocarbon Analysis 1s to reconcﬂe analytical
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Mg B Hy—the ot CITNIEPIIPNEEL): S DR 1 1A

us © nt N o uark 02008 chncepddl

i nd¥aphthalsnesnut not i it o) the ®81 | owing: 0:05

- (‘quﬂ"mméf"beﬁmnpﬁ‘h nio_t of t gs,t_at &—p iﬁlﬁr aat it
dudndsnesidr enocar ci nofm, Béeast lcol%h | uhg,  8Y
padleBassumand t hyroid; - t3i% s of t B8-62ent f al  3AAY
per@lpfissr al nervous svst A i ncl 3-Zneur ghl a23-8%m

gl [ Neiphthenwelefinsand neldul | ¥l st f ¥d - of her 3659nor s,
i dPiedéfing el anona and YA i pl e nyek4ma. [ 0048112Due 1t ¢
t HeDtkenlefimke of ki nases Nt he rlegW.@tion|of €€l lular
pr{cdunf efiGiBi-on i n_genker al 6.23 nhi bi lt oNAcoul d _ac®NAs
reversible cytostatic agents which may be useful in
the treatnment of any di sease process which features
abnormal cellular proliferation, e.g., benign prostate
hyper pl asia, famlial adenomatosis pol yposis,

neuro-fi bromatosi s, pulnonary fibrosis, arthritis,
psoriasis, glonerulonephritis, restenosis follow ng
angi opl asty or vascul ar surgery, hypertrophic scar

for rratl on and |an arrmatory bovvel d| sease [0049] The

o Y r o o o Y Y |




VEGFR, FGFR and | GFR ki nases. [0051] The

phar maceuti cal conpositions of the present invention
woanmi7aeri3ng t he active ingredient nay be in a POTMS2006/044843

suitable for oral use, for exanple, as tablets,

troches, |ozenges, aqueous or oily suspensions,

di spersi bl e powders or grandles, enulsions, hard or

soft capsul es, or syrups or elixirs. [0052] The

TabRIRr D%feﬁ‘léﬁ'c‘éﬁi A RORQTithé ﬁﬁﬁecﬁﬁéfr &ﬁnnf%@slﬁ&?s &R ﬁ?o?)fertles of
Zf:icre @i%f%oeé ﬁﬁ%gsi l\s?g that %nge errpl oyed

nnnnn ! PP T et oA Q
ar VVdI. CT, r\l LY A S=Sorbti+on oulu | O
(S
chllori de sol uti on. " en pound ’dﬁ" ]g t 0
o o £ put.,,t(4 Q Uty oo 430
thifs €T o6—1+S
t he AN e aon

pr S" on]l ||H Plly\.)
S‘W accnr Al N
(A A Ava) T 11

Mt rnm21|98m';41 1 ¥9-F20r mul ed282 4 fi Xled
do i{ t nr]ror’wnr‘lur t Qloéb?rlnl Qy t hpl'ﬂ‘ﬁgmmmd
of flﬁfp@afﬁﬁ@waﬁ’l on_wit I’N/A t he dn%ﬁmp ran
abquieringiephthenent helr pMHAmacelt i %8 |y actl v8.9agent or
t r damagnaphifensi n ilt s AMAroved db&hge ranjgel-6€onpounds
of |fofrafaghthengay al so A adni ni &éfered selquédpial ly
wi t|PArRmatigs vt i cancer 7@77cyt ot 08026 agent|s ¥REn a
conbli-rirgt drgmaticor mul [at | HAI s | napPrpri ate. Thes

i nveatingrmomaicnot |i m N4 i n thedBquence| oft5.85

adm Jigg ararhation; cgnpoWNids of |[f or.dful a | nmay 1185

adm 4 aeereaticei t hgr piN/Ar to|or0.8Hf t er adm 0i0strati on
of |tOlefilsva¥n ant i danca/Aor cyt ar.éxi c agent (§3. [ 0055
Thg moempe#nds may |be adm nisteresi in a dosage range |of
abduef@etbe index 200 [ng/ kgAday, [prefmpably |l ess3tihan 100
ng/ kg/day, in a single dose or in 2 to 4 divided
doses. BI OLOQd CAL ASSAYS TrkA [0056] The ability of
conpounds of the invention to inhibit tyrosine kinase
activity of TrkA may be measured using a reconbi nant
enzyme in an assay that nmeasures the ability of
conpounds to inhibit the phosphoryl ation of the
exogenous substrate, polyd uTyr (PGI 4:1). The kinase
domai n of the human TrkA receptor is expressed in Sf9
insect cells as a histidine (H s)-fusion protein using
a bacul ovirus expression system The proteinis
purified fromthe |ysates of these cells using an N -
NTA affinity columm. After the reconbi nant enzyne is
purified, it is activated by incubation with cold ATP.
The enzyne assay is perfornmed in a 96-well|l plate. Test
conpounds are first dissolved in dinethyl sul foxide
(DMSO and then serially-diluted in a 96-well plate.
The serially-diluted compounds are transferred to the
96-wel | assay plate so that the final concentration of
DVMBO in the enzyne assay is 1.64% All assay
conmponents are diluted in phosphorylation buffer (20mnm
MOPS, 10M Mgd , | mM EDTA, 0.015% Brij-35, 0.1ng/m
BSA, 0.0025% Bet a- Mer capt oet hanol ). The reconbi nant
enzyne i s added to the assay plate containing test
compound and the reaction is initiated with a
substrate solution containing a final concentration of
0. 1ng/ M PGI530QuM ATP3 and 0.008nCi/m 33P- gammaATP
(3000C /ol ). After a 1 hour incubation at 300C, the
reaction is termnated with 10% TCA and i ncubated at
40C for 1 hour. The reaction is filtered onto a
Unifilter (r) GF/C(tm filter plate that hasbeen
presoaked with 0. 1M NaPyrophosphate. Mcroscint-20 is
then added to the dried filter plate and the captured
33P- phosphorylated PGT is quantitated on a

m Cr osci nt| I I ation pI ate count er (TopCount I\IXT(t n).
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96-wel | plate. Test conmpounds are first dissolved in
di met hyl sul foxi de (DVMSO and then serially-diluted in
wa 20/06ed35 pl ate. The serially-diluted conpoun#6TAISE006/044843
transferred to the 96-wel| assay plate so that the
final concentration of DMSO in the enzyme assay is
1.64% AU assay conponents Bre diluted in
phosphoryl ati on buffer (20mm MOPS 10vM Myd 2 | M EDTA,
0.015% Brij-35, O | no/ mMAmSANDEK0025%
Bet a- Mer capt oet hanol ). The reconbi nant enzyne i s added
itﬁa Efle 2&3% pJ ate contai ning test conpound and the
ted with a substrate sol ution
containing a final concentration of O lIng/m PGl 53CQuM
.008nCi /M 33PgamaATP (3000Ci / mmol ) (Per ki n
Elmer(tm) After a 1 hour incubation at 300C5 the
[00324act | Pretioteuine stiemat atk vorhplekGHixtaRs dfthydrsdabbdeccontaining
40C for 1 hour. The reaction is filtered onto a
manyrthpusangs O€ d)stmrct molequlan speeiesplhess stmmsriagludemy

hyofiibaR s Homnerareren thiiche h“%%%ﬁe ol PR ur el
compRt e Rl S ke A A cnﬁ%?dw Rpjecular

spediédihat bhpmodculfieddscripton of Zh/d@élhﬁoﬁﬁbh ¥4 Es6chdall'@ model - a
test compound is detected by a reduction in

modetofiicolipasitom, and the concentration of conpound that
is required to inhibit the signal by 50%is reported

Q%atbbﬁ,@éme}{gfj@#%wst conpound. W [ 0058] The

kA and TrkB with | C50

val ues between 0.001 to 10 nM Preferred conpounds,
[003¥ve | Ehomadelrof- comm@mrmsmgangd gitindly kgodour major groups:

satufiSe, ApSRET SHHRS g PoLam0 UGS QIR cs g igagude

petr{?fé th %&ﬁe&%ﬁ% M5 gﬁﬁg 5%&%@%%#&6&atalync

crackﬂ{g@dd @ﬁpﬁs@a ﬁfﬂn@uﬁd Srofip.f Withith 8adh fiajorggoep vk ybrgxtmze
prepared according to the foll owi ng schenes and the

moléaided bylhemelogaus sekies.| AdomplogeussseriesdHENEOlgcular group that

sharf Useaieet Phesmicabstelerye) {9%01?%]@11&@%%88 pf ditfering
carb B S S g DRI ahli FARUHAS pREAGEC I Sured ol 14 -

hon®léBdusiseAey R Fehd &1 pétrdlBEmP ITESBRCE sROWS §.§1ﬁb}6 hdimologous
anount of rhodi um carbonyl conpléex, Rh (CO”,  vyielded

serieSorfjimmzeng, inaphthabgne? fluRedne; ash dtbdnzbihldmheanhas hi et
al., Og. Lett., 2001, 3 (3), 421-424). Conversion of

[003qgnpouﬂqs ﬁvetn‘?e ﬁ%&’g’&ﬂﬁﬁg@%&%ﬁ%&%&%ﬂ s Bies b

acting npoun oroam ne In e presence
hyd®fged defisfonc§UtydregdinlitiGtRey Sn bB@?ﬂhﬁﬁd iato Corneseydthe
Y |\f/; with f orgmﬁc}: negafforded Compoun (Step 4).
priniarg atetesses piccOodipguo the farirlazbase, such as Li OH, or
NaOH, followed by a chl ori nati ng reagent, such as
t hi onyl chl ogi gavey, p?\nq) ound vii (Step 5
and 6). Conpgugl ST ? s 'ﬁgg@ ed £5p F!
wi t hN- met hyl - N- net hoxyam ne to gi ve Conpound viii
[0035%t ep The xwdbasshs thmmmaméat ofithe "mbﬂmaihnmi'ea;laymigm divided
Cor%zund ix (Step Reacti on of Conpound ix wt
by lgnifncenveationdhe Uﬁb@s ahdlilAe; 1% @elrgp\l@secbywth 210so0 ' loss

rans 8§10 GBS eraf TR g Y mitbent ftigleun

aryl isocyanate generated Cbnpound I (where X = C=0
(Step 10, Schene 1). [0061] Alternatively, Conpound I
can be prepared according to Schenme 2. Conpounds xi
and xii can be prepared according to known procedure
(Step 1, USSN 09/573829). Conversion of Conpound xi
to Conmpound xi can be achi eved by treatnment of
Cbnpound XII mnth NBS i n the _presence of a radlcm

- . - A PSSR 1




with acetylene in the presence of a pall adi um
catal yst, or by coupling with substituted boronic acid
wonod7he19s esence of a pal | adi um cat al yst ( St epP@Y/US2006/044843
Finally, Conpound xviii can be further transforned to
Compound | according to simlar sequences illustrated
in Scheme 1. SCHEME 2 [0062J13n addition, other
conmpounds of fornmula | may be prepared using
sharB e §FHE RSCIFRN AT Fho1EcBE WA bR ﬁ@nﬁ‘fé%dtﬁ%eﬁ& El'cij‘é?e the same
art. In particular, the follow ng exanpfles provide
x-cland diecaaseathe meolecular fveighthof apiGHpargabuis bf. t he
conmpounds of this invention. EXAMPLES [ 0063] The
i i i1l now be further described by the
Sau#%%?@&#%gkﬁzrking exanpl e(s), which are preferred
enbodi nents of the invention. Al tenperatures are in
[0036¢ gr e cSatuesite melequicy canthissenlytatiphais eatibods and dydrogdRland
.Ret Tine" . is the HPLC retentjon ti t hat . obt ai ned
their lasSiake B9 BVATHEIRESFUT I Ohb:-Scfh afher o P Bigare § show

r [ ihngi e
samplEAeh datcd SARHERA bY oo BBimr b O Moy DR NEChRlery s are 0
ring k@ubited, 7 rifig satipsled R Ag Whtubatd9BMO 06N ThaBiHeS0 HEEkhy
. 10% H2O, 0.1% TFAJ], flow rate (nm/mn). UV detection
similgg{bei nefrsed)contheutespresent 20 eadl prclass. Iuese fitvdsmiles are
xanpl es arge i llystrative rather, than limting and it
strucharay gsogaers shanng Hisddentiea pass angRftenevesy klitiicult to identify

st TR 5 e brd A BB A0 S
(sonem@dsInofe ik ldae) tHenbeconRItA® modeb R/ORWRWIIL! ThE -
| Jtri azin-S-y carbonyl Jphenyl

preféreedistanatiesaop Bleowyh Jubehl. | A. Preparati on of di et hyl
et hyl 5-nethyl -2, 4-di oxohexanoate o o Okt (1A [0064]

[ of sodium (3.39 g, 148 nmol) were
Arorgg@égl@églﬁ?‘ﬁ EtOH ( 100 m ) under N2 at room

nperature.and stirred until all the sodium netal )
[003f 55 | Aeiatis Mol culgs e faroan SioBISd BRFIIE SnEsomomatic

: i ' te (2Q.
moldeRIRToLY i pefpliint bEH oSl FBHGHM M osic R eepiarten)
group§lowe Hhvemrbatized afdedtid ﬁl@il’@hi’és%friﬁ% Rlas3l.dnng. Thad 4+,

reaction mxture was then diluted with EtOH (100 n)
and heat.e alt 75 0C for 1.5 h. After cooling to room
1620 Sreaction nixture was poured into
ice-cold 2 NHA (200 m) and extracted with ether
[0038R00 rHipuref Dih@wed rig drofitic(cboés arangelitsy xedsNBetferred
organic extracts were dried over MySO4 and o
strucyg ara indhald. Heaeof thepenotepreinally eontThnetwegioguasionisgs

o) LSS SR DESRLES e ng  d F e

proaiftly | g iy e Aydfghico i s 2.0 e

4, 5 difdl 6 Hapheaid Pips) hnd bl AYE in petroleum. In the model-of-
5-isopropyl -1 H-pyrrol e-2, 3-di carboxyl ateW (I B) [0065]

composiiiion, thiopbene isgquival entytaremearetrmtie rirds Thigphei®s (X-class -4, -
mol ), .1 A 2.1 q, 119 mmol nd CO 12 (594 ,

2,0) @rezg%e %ﬁn)(d%i I?P“E‘g?%n'ém(ar%‘)l &) inyg nineg @gg%ea#&rtrtgi%mive

. er Nfor 2.5 h. After cooled to room
ther"?@%%%&ﬁﬁ?‘g%ﬁg{geaai on m xture was concentr at ed.
The brown oily residure was purified by silica gel
col um chr omat ogr aphy (hexane/ Et OAc = 2-20% to give
IB (15.8 g, 529 as a light yellow oil. Conpound |IB
had an anal ytical HPLC retention tine = 2.875 nin.
(Chronolith SpeedROD colum 4.6 x 50 mm 10-90%
aqueous net hanol over 4 0 m nutes containing 0.1% TFA,
4 mM/mn, nonitoring at 220 nn) and a LO M5 Mr+1l =
254+. 1C. Preparation of diethyl
| -am no-5-isopropyl -1 H pyrrol e-2, 3-di carboxylate (1C)
[0066] To a m xture OFNH4C (6.0 g, 109.9 nmol) in

N~ NSNS A NN~ o a NN NN A 7
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reaction. [0067] To a solution of IB (2.53 g, 10 nmol)

in dry DM (40 m) was added NaH (60% 550 ngy, 13.75
wani7jo6igzsone portion. After H evol ution subsi #e@/US2006/044843

NH2Cl in 5 ether (85 m) was added dropw se via

addi tional funnel. The reactjion m xture was stirred at

roomtenperature for Ih. wdder was added, the m xture

was extracted with ether (x3) the conbi ned ether

2 RihgvaomateMoleagd with brine, dried over MgSO ,
concentrated 1 n vacuo to give 1C (2.50 g, 93% as an

009), . SPGBl ARRRAL HERRY MR SLARLI B e
the aven iARgER%] B7ILE; 065-47e2 FRITO ITheses  thePrBfekRY FRIREALO RGN in

0.1% TFA 4 ml/mn, nonitoring at 220 run) and a LO M
boldpre herzatbipphenes (xPelepsasal 0,018, of). & thd model-of-composition, a

thioglih Gy AL By PR A MPloelcs Pontainiag the
1 i.di ne._ae. . 288 [) in.
benBROMAN Lk IS BHDEBLE B\ al8 it Fiintmerl o,
Hsie ) . . .
poclsnsill i g T APEIUR e RO
Biphghyhcamas &x-clags i 2dareangrevabunbaiitlif. fet@ledd ¥han &enpound

%D had an ﬁrnal ytical HPLC retention tine = 2. 756 mn.
tetrapygrophgpanthreng comiotl awvenrinysrepmgessed petrolamystreams

over m aut es _cont ai,ni ng 0. 1% TFA, 4
totrai U EBHEdIEAAEE hrechihe SRR BncRE oReBR i~ 250
I E. Preparation of 4-hydroxy-7-isopropylpyrrolo
3 Ring Azomiatip Moleculesr i azi ne- 5- car boxylic acid (1 E) [0069]
To a solution of ID (9.49 g, 38.1 nmol) in a mxture
i

THF - ; : '
1004, T5" RS o RS b bt IR E st e he
eventintegefs 09, Q6] W, -A0,8. DibehZoiRiopReh 188528 r-@t(v,[@;
the reaction mxture was concentrated to the vol une of
abundpfuin [@trol¢uranpvecthoie-iing avdrnati@ bhatetter. Mieenanthirevesnd
dried under_vacyumto give |IE

an‘fhr(ég‘l?lif‘g&gggég@Tgr%ﬁﬁ%ﬂﬁgé-rleg REemaHcy Aepatheene ismommon in
' ' 0. lith S dRCD I
- petrof Ui hBcEhER ol H g ot hanol over 4 i nut e

.containing 0.1% TFA, 4 mM/mn nonitoring at 220 nm
4 RingnfAromatiy Molggules= 222+, | F. Preparation of
4-chl oro-7- sopropyl - N-net hoxy- N-net hyl pyrrol o[ |, 2-
0041]) [ 142 IR dGores & ' ke 2
(00411 § o it bropRicGorgs SRR BT 10 Holre plE N Wacake the
even diegersa0 (&) -6 -1, v, 2dded the M@m%gérs Dk, -oThe .5, .3, -1, 1.
reaction m xture was heated at 800C for 5h. "After
Eachof dhe add 5-¢lagnearesrpentainsrasnon-hasic aifrogeamgnoupt(dNE-Wda the
oncentrated a azeotropjcally evaporated twice with
mo“%ﬁ%@%%% i %‘FQ“R%%?&&P‘?{?H dhat diavg ngasbasicsaisiogen take
: : = t yat ni . .
four (HE et tic Boprliabrs, elBa QB Ns5q tpiopbepic gulfr
groupk] Th2 honid [hg ey @rﬁa@%ﬂt@ﬂh@%ﬂ@&%mn@bo&@(xm@ss_ 0) includes
reaction mxture was stirred at '0C for Ih and dil'uted
benze(@ipyrare, @ poteniaestreinogen.n col d 10%citric acid, aqg.
NaHCO and brine, dried over anhydrous MgySO . After

Sulfidd Mdigdjien and concentration in vacuo, the residue was
puriited by silica gel colum chromatography (1 SCO

exan -1.00% .t.o give.lF (7. 7299 as. an
[0042]F %@ﬁ%‘@gj‘ﬁafeﬁ%l%@%ﬁ%n aHahgiis ik Bubinedbke Pithes orveen
nitrokeR’ PhBlcBres( BRI i )
nor nifroe 0%'?23'52265 SHODAR Bl CPPREVE R AR Thaf 1ike'the %ﬂ%
TFA54 M /mn, nonitoring at 220 nm and a LG M5 Mt+l =
283+. 1 G Preparation of
4- am no- 7-i sopropyl - N-nmet hoxy- N- net hyl pyrrol o[ I, 2- f
j[1?2,4]triazi ne-5-carboxam de(1 G [0071] A solution
of I'F (5.2 g, 18.4 mml), NHAOH (60 nml) in di oxane (60
m) was heated at 550C in a seal ed reaction vessel for

o, oy

-
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90% aqueous net hanol over 4 m nutes containing 0.1%
TFA, 4 M/ mn, nonitoring at 220 nm and a LC M5 M+
W6 200461935 H. Preparati on of (4-am no-7-i sopr oppCpyisSembo44843
[1,2-fJ [1,2,4]triazin-5-yl)(3- am nophenyl ) net hanone
(IH [0072] To a solution of IG( 1.05g, 4 nrnol) in
THF (30 M) was added 3- -15-
[ bi s(trimethyl-silyl)am no] phenyl nagnesi um chl ori de
intefdrs Q101 8N-6THir, .49, 1 Pred@r B8R dcdrQPIE 55 b@fd Q9 lél{hﬁdes (x-
Feaction m’xturé Was stirred at anbi ent tenper

clas§ e8), ahd beheyl sqlfidesigcclidst-2) asd notairetbrasgl bddadsd the%ﬁre Fare in
was added to dissolve solid and the organic |ayer was
petrelsgat. Audidde eonss alqﬂ&)m@dﬁh9éﬁom9s@wnrmp@dhw ohe r aiyhatic

sulf . 5or66 OB YeC SR SRS R AN B oy Goptain

bothV;ﬁ lc'glﬂg ,cﬁA&lnlagF cgf’do‘illue was triturat ed w t h hexane

e white so was collected by filtration,
r| nsed wi th hexane and dried under vacuumto givelH
Polar malgeyles 989 . Conpound | H had an anal ytical HPLC
retention time = 1.963 mn. (Chronolith SpeedROD
[00433] unmPdlab cares Ghown 1ih(F—1§ﬁ)1% Bharearganietd antoleven é(-chass acids (-
m nut es contalnlng 1% TFA, 4 m/mn, nonitoring

10, ‘§206:r'6n) .Ahd).andddsXnelass basiogifrogen meleeples 4tlilo n9,crf7 ,=5,-3,
-1, lgzé %ﬁ%“ ﬁ(r)llg cor'essi%%f (Pe)él iRhé ?I{Od'-e? of—coli{'posnlon contain

ahpliléo‘[%c)? %ﬁﬁ%g%%éawgﬂ}y&%yg%nﬁl%s&i g.|3 a_ag!émg BW @ﬁlfbx'igil%g §%¢t{/%18wn)

are less dnfptdatiBih pdtjoleomt thamargacifd) antiloin et ?eaﬂﬂl theimodsl-of-
brlefly for 5 nmn, concentrated and dried under high

compgsitiom Aflhdd esiass sorgsscanitais singdusicrnitiogerngeaumi tri | e
(40 m ), 2,6- dichlorophenyl isocyanate (714 ng, 3.80

Olefi®ind MEophda&d i n one portion. The reaction mxture
was stirred at RT for 30 min and concentrated to

[00 yne8@1eﬂhﬁ1dsmlblshee@5cdrés $hovat BOF Wit 15 HavE xadTRssRS tiodt take
MeOH and collected by filtration, rinsed with
the emenwgaﬂ -100t 8,004, bY, m&(@ieﬁarmddhlo@henmde]resrmpgbar in

vacyumto give | 729 as sol i npound
Figyre |1%ha@f%e%%v%r6@£re HPP@,{%r Wehovoridade dou@le%@dﬁp igach of

S
the RreRRTRLdle RERS T voit Mfeted Sntufing o e alegin
coredlin ﬂlé"bo TB SOFi §ﬂ9e 85 "?H@fd%ﬁ?at@ﬁ%fababgdwﬁbig*ﬁdnfﬁ%%m in an
EXAVPLE 2 TO 63 [0074] Exanpl es to 63 were prepared
olefinrrequitestiheunthavel afitve hydﬂg]enmdmmg dhyk, the 0G¢hsabésach of
utilizi n% procedure anal ogous to the one for Conpound
thes¢ mongealefinsoesals dwe. lessdanithat) ofpthwg@ﬁmn@mg pﬁwrafte%@pre

snfil 445l SIS AR 5 oy B 1
w0  ME A S 8 ST

creafr the@idfin ovestappearing i thetsboshd aiid aﬁﬂi 363 0 Faggedi0]
hydrocar bon sanple to determ ne the conposition of the

respeciisie. Thmpfhgncs ek dourth h@wsﬁ erg@rq lsi)almg cxeatedl by remgeing

four FEORREPES I destelaaife sOf (6F hra apF e D)
Olefily 85,2 g%ﬁﬁihl ’fﬁb&feecﬁa{f B8Rt abﬁbragoo%f 8 \gg plfbgﬁfgﬁé/,%'ré fiot preferred

par af ing aromatl Cs,

in thbeh@delaifmﬁmﬁ)dsy@l@m (e bondn| f@ﬁ*of ng’e |5y, Shch madletulds: tend to
Virgin petrol eumcrude oils contain nol ecules of a

be highdie résetive agd gos therefaneyeare iopetrolgbhy vol atile C
hydrocarbons to nonvol atil e asphal tenes. Analysis of
petrol eum conposition of various boiling ranges is
necessary for inputs to many subsequent processes.
SUVMARY OF THE | NVENTI ON [ 0003] The present invention
is a nethod to deternmine the conposition of a
hydr ocar bon sanpl e. The nethod includes the steps of
analy2|ng the sanple mnth a conblnatlon of

e .

e o s g,



mass spectronmeter is a gas chromatograph field
ionization tinme-of-flight mass spectroneter
WOGW7Mk19BOF- VS) . The data fromthe mass spect r BOBRUSR006/944843

then reconciled with other analytical measurenents,
such as those fromsuper critical fluid chromat ography
(SFC), sulfur simulated di-sk6tlation (SIMDS),
simulated distillation (S-SIMD'S), N and S el enent al

3. R&¥ndéfing AhbyHVE BRAsdFentehd® the NI8ALL FOCHRpBSHIoAn

(F:jD) T Oor nor mal fpar artins. ITle recopm I ed dat? gl ves
ORI R R U O S
T e

combBéMbhiERdt ReRRlIuEE 8N eeabufdifds il theduRilyridal Bf‘&b@épés &bsely
cro- Hydrocarbon Anal ysis. [0006] Figure 2 shows an

as passiblgsargl aff thasameanetatisty miset of praperty t@larkies, TOEMAasoand
give nol ecill es over a wi de boiling range. [0007]
elenmn@q]r@n@@m that GC FI - TOF-MS resol ves i somer and
i sobaric nolecules. [0008] Figure 4 shows that
[0046F F! - TOmeMmbRERINE ST Bl ticoheitivhl RecdRre idttd @éAlit as a
[ Tquid product. [0009] Figure 5 shows the relative
conﬁm@elmrhmatlonsproblem koyet op‘emnm‘éls medel-dftcomparitiad's fidelity

carbon numbers. [0010 Flgure 6, S 145 honpl ogous
to ﬂl@é%téeﬂﬁb%fsthf: @Bﬁ’d’thcﬁﬂ protocsl subiect w%tvilf]prﬁp@wngalﬂn% ows

congfiis ARG URTL A ofrassBRERRRn PRI S teremive

subsHRTIROE a%q{éfﬁﬁ'&@ﬁrcﬁéﬂﬁi%qﬁ%mw&@ harRl-oReafipeditfdnoadjusted
right to left the nolecules are Oring saturates, 1

to miatchgthsatsultst efithe Analytigalspriotuond és agirescribed Jsédluéﬁo@uml 9
shows 1 ring aromatic cores arranged by x-cla

chaqgeém themodel-oEcompesitignhstweery Getml]onsf@lbbeloma PresrEibed
r| n% aromati c cores that have x-classes that take even
g gers -10, -8, -6, -4, -2, 0, 2. [0015] Figure 11
shovvs 3 ring aromatic cores that have x-cl asses that

a) Resbaciliation\berComsteimadsOptithizatbn.- 6, -4,-2, 0, 2.[0016]
Figure 12 shows 4 ring aromatic cores that have

[004?7;]CI asﬁlzet?le ggttr%lﬁg(? ggﬁ é‘c?cﬂl élﬂbsw&t'%g’stf’ir?wgﬂp gfoﬁel-of-
comﬁésm@m WIKSE b felrbigier 1ﬁoﬂe%u§cﬁ%€ﬁ1 [Weig ﬁﬂ?éﬂc@ﬁtsc{w 33 ekitﬁly the

ave x-classes that take the even i ntegers -10;
resuit§ of tl{’e Midro-By dfocal il RhafylsBUidtdebl S NRWE, Wwé §edkoé ﬁéw set of
cores divided |nto even X- classes aci ds (-10 -8, -6,
weight ,per&,nté){ 2)thatrede anidinalty differeatfronnihosegEthe ﬁeﬁﬂtﬁq:e yet
Fi gure 15 shows ol efin and thi ophene cores that have
satlsfy meapﬁ@srtyﬂmlartcak desribed abosgels fintithesBweight perients2 we
[0020] Figure 16a_shows the cunul ative weight
mlnmllz@élm Lagrangiandd (ssefe-aReh lllihdefisad & boi 1 i ng poi nt .
[0021] Figure 16b shows the cumnul ative target
di stributionwsersus cal cul abed/di st i butJon as a

function df=Doiv) tingwpoiid+ Y A0pR] - Bi aywe | 16c(Bhows f =
dwx as a funetion of boilimng peinti<tdw f0023] Figure
17 shows a flow chart for the succeSS| ve substitution
The rfsbtarivl iraHqoatiah ¢b) it Hra Shantom prfesmation eutnopy arentent of the
DETAI LED DESCRI PT] ON OF THE P. EFERRED %@NSO@I MENTS
modpboﬁﬁpnmsewrwmhagewems reJativerto | ths Fegprpnce weight

in petroleumresearch, refinery processing,
percsgg? % (sae &2 Ref. Ak Tha measures valug of the gwpperty i“ba%e the j-th
of crude oils and internediate refinery streans
balan@y iy fp dthepdensiiyt @ Rropsrisyr icMAecudsy Ieél lwwp’ifﬁase property
(SOL) process nodels, Optim zable Refinery Mdels
(ORM s) and Real Tine Optim zation (RTO Models. In
addition to guiding conmmercial selection of crude oils
and refinery processing conditions, these nodels have
becone useful for both gui dance and devel opnent of R&D
prograns. Nblecular conp03|t|on has becone the basi s



fractionation foll owed by detail ed anal ysis.
Unfortunately, small sanple size and need for quick
woesuloe3san be a significant barrier for appl pCngstdee/044843
current state of the art analysis. For exanple,
Advanced Catal yst Evaluation (ACE) pilot units used in
catal ytic cracking researchlhoutinely generate |ess
than 1 gramof total liquid product (TLP). Even when
densitiés 4@l SiHer @R @ Uirs 8P fonh Tadly N&g‘glrﬁolfeeﬁlaY Rructure, or are
traditional characterization, 1t is t1 me-consum ng
corrp]latﬂdetsxsmebmlrembmst &nﬁhetedaﬂﬁsaltplw o€ knswnpdomspasatiohel; is the
anal yzed. [0025] M cro-Hydrocarbon Anal ysis (IVHA)
Lagmgmmhmlnf)hémfcthapqhepﬁ@eﬁy balabsd cahseaiht) FiNgRrie the total
Measurenents (resolution, identification and
numirgramfu prO@attyolm argeshansideaeddn m@mp@batwmnl\ibyls the number of

nato rappl c separat soft i.onizatian,
mol e, Birips bR cnAge EE COMPOBIION. o Regreneiaibi, Y ghimized
whef e FARN A rg Jifibils awsa%sp@&fe”ed embodi ment,
chronatogr |c separation I's ormed by gas
chronatography (GQ), soft ionization is by field
i oni zation (Fl), h | ution (oo te mass
analysis is perfomﬂgdobyyuln% off§pllghtﬁﬁﬁ @)
spectrometer. (11) Reconciliation of other analytlca
nmeasurenents to generate nodel of conpositiony In
Fromradf/édy; ed) svenedoventhe preperty balande/equationsensu) empnt sWe
|nclude supercritical fluid chronatography an or

evalyotd the' AR BGHERNE 0l aBife B p iR VaratRnf g e 13D
For ﬁk%‘gﬂ& laﬁl%@pqia?atl W@éﬁ%ﬁdﬁ%l&ﬁﬂ jgn and sul fur

sinmul~ated dis or yie proton NWR for
ol efin content a d g% chrormt ography for nornmal

parafflq)‘,meg eqent yof Co sition
by GC FI-TCOF ter E gEBINOGC Fln% mass
spectroneter |s the core conmponent of M cro-

[0045’%OIr 0GJE Qv sﬁ té thé &aflgha}gts%mrﬂﬁlg g n esprBngl‘Ey “Rlance

par at e roca eclres

equa@n@h@hhﬂ)éhﬁﬁﬁ@ﬂé%@ @nkﬂowrwelgﬁt ﬁ&héﬁfﬁ{ pd. The
t echni que applies to a w de boiling poi'ht range as
demonstrated in Figupe 2. Field ionization provides
sof t i oNrzaf,iqy fl on | esypSpesy es
co- el ut é ﬁGC WB K ?f/ @ [Ir%ﬁrcrglss sgeszc?ﬁoneter
TOF- M5 resol ves i sobarl c rml ecul es (nol ecul es share

S 1 nal - s rent i
e SRR, oI350 oyl bhE"8Plor ), BUAEH JBARARr o
Lagra%%ﬁnmﬁa@u Oﬁmpe&t } \sing mxvtbn'g hmERR, I EifleVivethAAR\Eslved the
Conbl ned Wi th GC separati on,
equaﬁ@hchgﬁwn@f(@) ¥6r BRsE SLagngiaﬁlimﬁﬁ ﬁél‘k Q@@%sﬁtﬁ@%em into the
, can
statumamlsehﬁiqn ) qm’r bbtmlui yhe waghtepbremts |0|fl1h¢ lratcmttlled model-of-
gure 3., Resol ution of isoparaffins versus nornal
Comlb%sf“é‘f’lﬁl{wg} and ol efin versus cycl oparaffins were based
on chronmat ographic retention tinmes. TOF M5 al so

b) Ree6nCifhebY bdFhRtEsIRSSubitmeses of the hydrocarbon
conmponents (wth an error of Tess than 3 nDa).

10045 o7 PRSI E Dpul G St bieilbductod described
abovBN &Y ShibfimeAf 8F th'FecdReilfaNibh ! froBEdL IO star® wit Fhédel-of-

e average errors in mass surenments are
compdsitions witdse {ed@2hite Qualstilbi damipoweiht @erédmtd G, d}ite&a(:ﬂ?y the

carried out in tw ways. First response factors of

carbon nunbers (or nol ecul ar wei ght) were determ ned

using a mxture of al kyl benzene standard (C7 to C25)

Second the total Hydrocarbon cl asses, paraffins,

napht henes, 1-ring aromatics, 2-ring aromatics and
3-ring+ aromatics were normalized to that determ ned

by hlgh resolutlon supercrltlcal f|UId chronatography




fluctuations in GC retention tinme and M5
measurenent. Tabl e 2: Ml e response factors (RF) of C7
woao@as1abkyl benzene over a two-nonth peri od. PTNAIS2006/044843
average Rel ative Standard Deviation (RSD) w thin an
experinmental set are largely less than 6% The RF
variati on across the two-rmdft-h period ranges from5 to
15% RSD. The results denonstrate the necessity of
' i t [ . wei
esuB 81 ORISR, Al G5O SgHaRs O i
percehtsBatd Tierelofd3A268qlerikcd, A.el Ahe AIInbileD4veighb Rerdidfls {w, )
0 517 0 611 0 772 0 932 1 099 1 265 1 476 697 917 1
comPedAr@a the thd p-ti2 pBotri8bilabes BOHAS tiveréfereod ightOpercents
58 0 212 0 283 0 329 0 407 0 465 0 52 0 669 0 801 O
{w, Y3 the 1B&-th peoerty balanew Bedew we dewriberyeight posent Rijsstment
01-Mar-2003 0 1 17 59 G030278 0 16 0 214 0 295 0 346 0
formadey ofon7g ecalas ands diswibgied property taygets, 398l 1tha1successive
bgg§.804 1 8§4f2 1§£>§h38 2 655 01-Mar-2003 05 4 1 44
SUDSEHE 5 ConagaNen FEPTH 54 0 314 0 386 0 463 0 529 0
683 0 795 0 906 1 112 1 317 1 419 609 799 2 04 2 249 2
a) Stalar PrégerOl Thiret2003 10 05 09 (030288 0 142 0 208 O
275 0 318 0 385 0 456 0 56 0 694 0 79 0 886 1 105 1

10059555 SkaepdBts wke? smelsynyatres dogaesiling, s o
518 0 641 0 74 0 839 1 065 1 29 1 486 637 788 2 244 2

Simpleaatio pApeRtigsl 5 01- Mar - 2003 17 58 50 AVG 0. 146 0. 199
0.266 0 318 0.385 0.455 0.538 0.67 0.785 0 9 1.103

100531 5 & >Bptebfopripety Rlicar i g byt iy Tidpehly density

a;; i nOngerd fordsélefied rholddal33and étgihl@ 7z3td fOr 288erS. B4anfdles of
474 0 55 0 669 0 739 0 851 0 962 1 15 1 338 1 568 68

simptevatio pooperesineludesselengaal xompositha0 ForBimple #gio properties,
G030339 0 147 0.21 0 282 0 36, 0 436 0 506 Q 581 0 691
we C@“%’A%e a*edgﬁpiﬁiba nsq yith a {eiakmgssbaagcaipobiags 2 276
2 65 24-Mar-2003 10 04 37 AVG 0. 154 0.21 0.285 0 366
0.455 0,528 Q 62% 0 715 0.846 0.977 1.135 1 293 1.523
655 . 788=1:8557 038 2 226 © 516 oRrSD6.%8°0 4 108 2 7
5.8 59 10.0 D7 2.2 1.95.04.22.30.7 4.5 3.8
3.2 75 (03034% 0 158 0 212 0 239 0 35 0 436 0 476 0
518 0 565.0 763 Q 962.1 198 1 435 1 692 853 014 2 038
Oncewgdpave a wt%i(a ée oed)_ thg worglfergenis ok m %i%pqwswhe

o3y 5% 136 B L P00 TR s

thisﬁrz)géﬂflr 2003 14 52 55 (030345 0 149 0 203 0 252 0 363 O
425 0 507 0 587 0 736 0 844 0 953 1 152 1 352 1 535

644 753 2 144 §03 2 395 2 299 27-Mar-2003 15 47 48

AVG 0. 153 0. 20 0.26%:0.35 0 423 0.48 0.555 0.667 0

811 0. 9B5=1y,¥ . 1.571 . 71%os 86842005 2. 18H

2.346 2.355 RS W& 2 2 10 6 36 3.4 5.2 6.2 135 5.2

0.6 24 3.6 6.996°7 7.1 6.2 3.5 2.1 7.8 Q30410 0 129

0 187 0 267 0 327 0 415 0 499 0 595 0 668 0 831 0 995
Averaged propeptaes 1 468 671 874 2 044 2 204 2 365 2 539

04- Apr - 2003 17 07 09 GD30415 0 151 0 208 0 277 0 349 0

8 O . .

00542 S S8 tnl BN e i o ety s
a ,; #WI0A 2N 1folk3dlad 14@ps G 285, QV 3EXathpdet o siély aferafed Properties

702 0 849 0 997 1 145 1 294 1 511 688 865 2 073 2 153
incluﬂeZMIZgﬁﬂf&yQ%Sy‘ﬁ?b &V 0coritent0 okt Avmter 1 3d0pdlr $bisil For

0.335 0 416°0.504 0 594 0.689 0.838 0.987 1.127 1.266
averagedspropeg®sggs: pattnl Bacthad sumndarized. B Bqumsmsss sl 6 will not

2.53.629080.82.71.21.41.52.44.41.21.3

1.5 1 2 3.1 1 0 G030422 0 102 0 149 0 168 0 267 0 352

0 421 0 558 0 795 0 926 1 057 1 33 1.604 1 694 765 837

1 865 2 053 2 241 2 4 1 10 Apr-2003 15 26 12 G030423 O

111 0 158 0 207 0 282 0 361 0 421 0 557 0 647 0 787 O

928 1 157 1 385 1 602 735 869 2 207 2 386 2 566 2 391

A~ rus NN NLS AN NN NN NN VNLN AN PN A AN N AT PN NSNS PN NN N




3-ringnaph 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.0
arom+sul 50.0 50.0 49.9 49.9 50.0 50.0 50.0 50.0 50.0

W0 200706359 Arom 50.8 50.4 49.8 50.6 50.7 50. 6P¢D/UB2006/044843
49.7 50.3 0.5 2-Ring Arom 12.0 125 12.1 122 12.2 12.3
170 172 172 0.2 3-Ring Arom9.8 7.9 9.6 8.9 9.3 9.4
8.99.49.10.6 4-Ring Arond9B-2 46 3.2 3.8 3.5 3.3 4
13.53.60.5H11.6 11.6 11.7 11.6 11.6 11.6 11.7

1 ) . . .
word i SN BRIGELS ook 4189764 s3ByATE, Ruti pr e
averdged. pdpetyd 1 whdde 2adN(adde3 @nhals ]bj’.5Tﬁi%9fa%€br8ac§ﬂlst% ard the
081.3 80.9 80.8 81.3 0.7 e 25.8 25:6 249 25.7 25.8 25.7
weighty of 4golesules Ovitosepropdrty deagityl4d, iddessathenahat aBile taget b;.,
444 04 Pour pt(C) 12.9 13.1 11.5 12.8 11.2 114 164
and iBadjusBEddwirwatdtit peighEy ofomble6ile? WwWhose pdpkriy8ddnsity a i 18
56.4 59.9 57.0 58.0 1.6 Freeze pt(0C) 55.9 60.2 57.8
greated.thaib theltabgetvabde 9, Thedndigesult isttoFhifi4B0 disidbutied o weights
25.4 25.0 26.0 254 26.0 25.9 25.8 25.5 0.5
{w, JoNerzol 680Ristibution 7 tat1 Gatisfigs the. Property 1e0mstudntl equation
17.6 0.9 Naphtha (VW.) 57.3 60.9 59.1 58.4 59.0 58.2
ﬁéaSS.Q 59.0 58.8 1.1 Niddl eDi stfIWQ 24.3 234 247 25.2
p¥4=F52 242 245 245 0.6 11. Reconciliation of
GC-FI - TOF Mass Spectroneter Data [0030] The final step
of M cro-Hydrocarbon Analysis is to reconcile
[0053hal yt Tearontiays dasier ¢ tﬁ%e& aeubisaeolynemial ipdbe preperty value
b: In particular, the nodel -of conposition nust reproduce
* all neasurenents in the anal ytical protocol as closely
as possible, and t heg ;s fai sati sfy a set ~0of
property bal ances?tbg._gglbng'gz baﬁ?-’eﬁéﬁént al (79
conposition. A nunber of targets were used for the
We dettaninerthe fourasondaing e dedaihi Atwith the foiwiak@onsr&itits?
content is tuned to that neasured by proton NVR
Hydrocarbon and S yields were tuned to that neasured

Confe’fpﬁiéﬂ@ﬁf(%ll‘%esi k%gas chr onz?(ﬁ/%EWéj si nmul at ed azznd <

i=1

distillation | S and S ‘“cal cul at ed
contents were tuned to that measured by el enental
analysis, etc. [0031] One enbodjment of this .
hhdrBif ¢ cedure isptavNT it as a
Avel?ggg??%li&égg{jé(g{gtt@%ﬂi ation pr g‘ol T ai\?\@ optim ze tggeb)
del -of -conposition's fidelity to the test results of
Smopfmeshal Gcang valuss 6EHie OBPRYY: to the property
bal ance constraints. Amot%gr enbodi nent of the
reconciliation procedupe ccessi vesubstitutjpr, an
iterative procedure inbﬁﬁﬁﬁﬁ§?ﬁ§£ﬂmdel-of-conpoggsion
is adjusted to match the results of the analytica
protocol in a prescribed ggquence until changes in the
nodel - of - conposi ti on b@FWﬁgﬁtﬁFdha@ions fall bel&l a
prescri bed tol erance. The detail ed description of
nodel of conposition and, data . regconcili.ation. can be
Aftef B fipsdne Ffocctstatie Ry SR e efor ddfanel i hdution 7, the
| : | ani f4 vant age of MHA
facm%%‘?:g{lﬁll% %ﬂéxr’]%lgﬁl‘é% #1 g?ggﬁfgggtelfdo%sa%ﬁlog%“ i ng point cut
conposition w thout ph ghg_k]y distilling the s?gﬁle.
Tables 4 and 5 show the co gSitions of napht ha‘and
mddle distillate predigtegby,MHA virtual cut (cut
based on cal cul ated boifin IB%iﬁﬁ of the nol ecul es)
and that based on neasurgments—of physically di6kd)l | ed
cuts. The results agreeéE@LMk*zgple 4 : Detailed
Conpari sons of the nol e€dl &r ' conpositions and
cal cul ated properties of the distilled naphtha cut
(65-4300F) Tabl e 5: Detail ed conparison of the
nmol ecul ar conpositions and properties of
md-distillate (430-650 OF distilled cut)APPENDI X The
Model - of - Conposition 1. Introduction [0032] Petrol eum
streans are conplex m xtures of hydrocarbons
cont ai ni ng many thousands of distinct nol ecul ar

________ —y R S o .



2. Organi zing the Model -of - Conposi tion [0033] The
nodel - of - conposition is organized initially into four
woaporoetp3sups: saturates, aromatics, sul fides aa@/Useioan44843
nol ecul es. A efins are rare in crude petrol eum but
are generated in refining processes that involve
thermal or catal ytic crachZQ}znmiconprise a fifth
maj or group. Wthin each major group, we organize
nol eculres by honolygous series./ A hanol ogoys series is
a nol e uIarqupmp* hgy shares {lhe s3nejehemi cal
struct ype (eore), ' ' ‘Fldedcﬁmrt of
dlfferlng on, nunber, arran edbntéﬁnd b anchi ng
patternps. Ye 6 shoms 145 hqnol og ¥ Sefies cores
f odad=i'n petroleu Fi gure 7 ghows s&hpl e honol ogd)s
series of benzene, napht aIe g;afwum ene, and
d|benzoth|ophe%§ g834] convehi ent to organi ze
hydr ocar bon ho o] Fiies ydr ogen defi ci ency.
Hydr ogen deficiency can be orgapwzed into 14 cl asses
(the prinary X-cl asses) ccordrhg t@ the formul a:

x-cl ass (- 14)+nDd(NMV [.0035] The x-class.is

the remainder of Ph&® iﬁ%ﬁ% } ffdFdeut-&F wei ght (sl

di vided by 14. By conventlon the values -12, -13, -14
[0054] e r eWeaveil thie drciritne 86 gx0dyamstrictig ﬁhé@ﬂfbperl}ltetrget range
aho§gh several honol ogous series present in
B pé’tnrx@ cliithp actal hf@gslahpls xoudside ¢his aphgevove eppreachithisitarget in

each honol ogous series share the sane x-cl ass because
multife siepbecul ar wei ght of a -CH2- group is 14. Saturate

Mol ecul es [0036] Saturate nol ecul es contain only

[005§1a ph "’I ﬂleC 84de0pp rﬁ‘@l@igm’ %39&%? oﬁfc‘ﬁghpetg?gé{tﬂ ¢ 'v@es 'ﬁ‘?aé/ galculate

even i nteger

sepafaite Wdigl& Blocors SpuTet @astatareat o [’tlfy anaeewBVer véd B8We achieved
Reading fromright to left t nofl écul es are 0 ring

mucl gtdat@t &Fectibehbfitbys alinpat ﬁﬁglezfaﬁto? Qh%hle!ﬁﬁ%? thé€lépendence of
Notice that there are many Simlar (but rel ated)

all avelaged | propertye derpets. il e dictor aldsall Jitss qodtph@mtile&togéther in
structural isonmers_sharing the identical nass and

Equa&lppe%» VB Hhreei additions) ma@mfrtfsgs 4ol speh ctarget. | Gorsieaints in

O N A T TR —

sunﬂﬂpﬂﬁﬁﬂﬁﬁﬁﬁE@@ﬁﬁﬁﬁ@ppz The preferred structures are
shown in bold. Aromatic Ml ecul es [0037] Aromatic

nmol .ecul have arbon atons in aromatic rings.
b) Distebyte RBERE ML ound i n petrol eum of ten contain
squur and non- basi c n|trogen (-NH) groups. W have
[0056]r ganili ednédad e tistritied ped dar ét"tﬂ:cﬁtsaﬁﬁen th& prpert: to b
3 and 4%@ ang Aronat?c]%g}ecu$ [ 0038] Flgupeﬁ)ﬂ% oe
match¢bwarids withgomemaependemt evarlablreaﬁ“be dlsmbuam a$ sveight distilled

erred structures are.in_bqgld., Sone of these cores
with é)@ge]@ég (Smpesating, 6. othgt distl at,l@g Cg@fﬁarlattbg 1ggst frequently

enco gﬁétrdgﬁ trﬁbl{t%:@ §$rg8{) rlg Jgérén SH%E%S s(Lif)sﬁg.\at jon mqg}oagg WS _deagn a
factod Qﬁ tiet Le@Fefil 8lyS trediatins € thd fbfére%é‘%l Ho dlSﬁ'llelO@ﬂagvgr:j’ during

5'and 6 naphthenic rings, and are rare in petro
each iteratm JTaHE ke e ATRRY él%@ﬁthnﬁ W@&é&@ﬂse 'bglo%ﬂu' valent to
an aromatic ring. Thi ophenes | ass - 2, 0) are

are | crude petroIeunL but are nade inrefinin %
[005{% ocessds KR FoRreiars thecRlagye creight, percest slRiling off at

|c Mol ecul es [Q03 ring aromati c cores
boiling AHAT B2 A aPeASYE gt 1 RUUGR ¢ Mt Snailts o5 ealeviaed from

integers -10, -8, -6, -A -2, 0, 2. Three of the
preferred structures shown in bold are benzot hi ophenes
(x-classes -10, -8, -6). In the nodel -of -conposition
a thi ophene group is equivalent to an aromatic ring.
Mol ecul es cont ai ni ng the benzot hi ophene core ( x-cl ass
-6 in Figure 10) are nmuch nore common in petrol eum
than those contalnlng Iess preferred structure




ant hracene (x-class -4) are both three-ring aromatics.

Phenat hrene is common in petrol eum anthracene is
woamTmald3n coal. 4 Ring Aromati c Mol ecul es [ 0024T/U42006/044843

ring aromati c cores shown in Figure 12 have x-cl asses

that take the even integers -10, -8, -6, -4, -2, 0, 2,

and the odd integers - 1152lo; -7, -5 -3, -1, 1. Each

of the odd x-class cores contains a non-basic nitrogen

the garfemw-wg}lt distribagioAPfig |+ Obf GRASIEEAIAR TuRlps. Both of these

aromati c nol ecul es that have non-basic nitrogen
cumfilativer WREsIAT BT8R bRt GRARALC e rfotoSRYRY incidasitpt Wis&idRY 6f the
_one or two thiophenic sulfur groups. The honol ogous
boilingrpast Béh(ssefigyrddoz)o By peacticeo ths cimutdtageswe)ght distribution
I ncl udes, benzo(a)pyrene, a potent carcinogen. Sulfide
7, ipuneasyredat disarste bpilingoinis| Adsg, e ealpulatanths distsibution 77, at
sul.fur, .but they haye neither _oxygen nor nitrogen. The
the liag Hoiiept; ok molesulps Thenpe HowiiessWe may nteaRalaienetween
\A=131] g --10, . = -6: -4, - 0 . eferre
thes§ ! SbcFE IV Hling | ﬁ%‘%ﬁd.“gﬁ}%yfmgép’fi Q‘égct185§| jiick -&)"?ewe the
mondfthiQERZ Wcréatiny AffuleXof laagsmultiver feltht Bs@iffond After this
because they areé rare in petroleum Sulfide cores in
interphlationd elve ofleteomires ithe otardev disaiibitéon oie as @l fupbtidn cof the
sul fur groups. Sone of these cores contain only
calclpiedhdisirtbutianbbf; atothieesasnec distitlatiom doflirg ppimds (seedrigure 16b).
. aromatic carbon. Polar nol ecul es [0043] Pol ar cores
FinaBjiowe ¢alcwiatputhe facter ¢ odifani#gdad atfonetiem of-tylikisg point (see
. acids &9 10, -8, -6, -4, -2, 0, 2), and odd X-cl ass
Figupa 6@ e pegythe testos ol te gdjustithe refegencenyeights aszfollows:
1). Sone of the acid cores included in the
nodel - of - conposi tion RNt akpal i phatic sul fur. O her
pol ar oxygenates,ug:gw—aLng%LL pnd=3ul.{ i deg18)ot
shown) are |ess abun ‘t@ggggroleun1than are acids,
and do not appear in 4he el =of conposition. Al odd
X-cl ass cores contain one basic nitrogen group.
i 1 hi ] efin and thi ophene
“me%%ggsﬁihg&gﬂﬁﬂiﬁﬁ%@?gﬁf%gﬂéégugh%{asses that take the
' - £ % ’%hlz. A efin and
e gorera 8 h of er r ed
structures are_in bold. W have added a double bond to .
[0058hch dn Figrpr bf.emeeghewt theatypied)r embodimenolof the successive
ructures .of .Fiqure 8) to create the.olefin.cor.es in
subs{iftoB AP Rifition it 4 sé el TP abRT RO BPOBAER Raied to
0 [ : [ 3
matcRO0R, wingicd Dt QHNE HREY, 458 0% IRRTHA (Saigh Hoperty
targenninr gerérial) adjusting svdight persntshtn nidteli cathtdagpet in sequence
. corresponding saturates core. Simlarly, we have
disrupésiheeprevigushmaichgen thet dhe weiglth rereentofdiesmesiscareirelaxed, or

rin romati c cores (see.Figure 9), Jom2 tin
damigrgsfi SV0k¢ e\ Rnde g SH65essivk subdituhioR Ascuttb?

cores appearing in the second and third row of Figure

10, respectively. Thi ophenes (see fourth row of Figure

15) are created by renoving four hydrogen atons from

t etrahydr ot hi ophene cores (see top row of Figure 13).

A efin cores containing nore than one doubl e bond,

e.g. diolefins, are not preferred in the

nodel - of - conposition (see bottomrow of Figure 15).

Such nol ecules tend to be highly reactive and are

therefore rare in petroleum 3. Reconciling Analytica

Measurenents to the Model - of - Conpositi on [0045] The

final step of M cro-Hydrocarbon Analysis is to

reconcil e anal ytical measurenments to the

nodel - of - conposition. In particular, the

nodel - of conposi tion nust reproduce all neasurenents in

the anal ytical protocol as closely as possible, and at

the sane tine satisfy a set of property bal ances, e.gqg.

mass and el enental conposition. [0046] One enbodi nent

o " o - s N a g,




[0047] In the constrained optim zation enbodi nent, we
start with a nodel - of conposition whose reference
wounbemdias | unp wei ght percents {w, *} exact!| yPCiaIS2006/044843
results of the M cro-Hydrocarbon Anal ysis protocol.
Next, we seek a new set of weight percents {w,} t hat
are n1n|nally di fferent frofthose of the reference,
yet satisfy the property bal ances descri bed above. To
Reférendes hese wei ght percents, we mninze the Lagrangi an
L see Ref. [1]), deflned by: The first termin
) “@ptmnmt&mbbn&ﬁarmnbmlriﬁet}malse,rﬁlhamyr 1,
cohmﬁhmmofhnﬁﬁywnqa6gof conposition's wei ght percents
{w } relative to that of the reference weight percents

2{ "‘Covér g‘:‘g\ﬁq %@J Aﬁgighelhg% “ %’glgn m?ﬁnﬁ‘ﬁ—gl%‘é’ﬂgﬁf es%f ,1f;,he

ecular Iunp is ay7. These

ropertyden3|t|es are either conmputed directly from
3eaBIaviSuI'ifp Ts, ‘fRithistidah Medhanics wf ®hasss, dnterphasechied THid Pilms”,
mechaptentd! VOFDPabLisleds,ormosanpl es of known
conposition. X is the Lagranglan mul tiplier of the
y-th property bal ance constraint. NP is the total
nunber of property bal ances considered in
reconciliation. Nis the nunber of nolecular lunps in
t he nodel of conposition. The Lagrangian L is

m nim zed when the follow ng stationary conditions are
satisfied: =0, =0 j I|,...,NP (2) OWA j N FromdL I
X1 we recover the property bal ance equations b = W
eval uate the functional derivative dLI 5 using
cal culus of variations (see e.g. [3]). For the
Lagrangi an in Equation (3), the stationary solution is
w, =w, for z=1,..., V (3) [0048] Next, we substitute
the stationary solution (4) into the property bal ance
equations and elimnate the unknown wei ght percents
{w, }: NP , *exp(-l +)=7rj /=1S=l,...,NP (4 W
sol ve the nonlinear algebraic equations (4) on a
digital conputer for the Lagrangian nultipliers {Xk}
usi ng Newton's method. Once we have sol ved the
equation system (4) for these Lagrangian nmultipliers,
we substitute theminto the stationary solution (3)
and obtain the weight percents of the reconciled
nodel - of composition [WL . b) Reconciliation by
Successive Substitution [0049] As in the constrained
optim zation reconciliation nethod described above,
thi s enbodi nent of the reconciliation procedure also
starts with nodel -of conpositi on whose reference
nmol ecul ar lunp wei ght percents {w, *} exactly
theresults of the M cro-Hydrocarbon Anal ysis protocol.
Adj ustnents to the wei ght percents {w, *} are done in
sequence, i.e. the reconciled weight percents {w, }
conmputed fromthe they-th property bal ance becone the
reference wei ght percents {w, *} of they+7-th property
bal ance. Bel ow we descri be wei ght percent adj ust nent
formul ae for a scalar and distributed property
targets, and the successive substitution
reconciliation algorithm a) Scalar Property Targets
[ 0050] Scal ar properties take a single nunber for the
entire sanple. Sinple ratio properties [0051] A sinple
rati o property is linear in weight percents, its
property density amis nonzero for sel ected nol ecul es,
and equals zero for others. Exanples of sinple ratio
properties include el enental conposition. For sinple
rati o properties, we conbine the property balance wth
a total mass bal ance to obtain: , =, for aM 0 (5) S
*I k Wk=\" k Once we have adjusted (ratioed) the weight
percents of nol ecul es that possess the sinple ratio
property/ we adjust the melghts of the nol ecul es that



100- w1l =1ak>r a=0 (6) aJt =0 Averaged
properties [0052] Averaged properties are scal ar
wonropeectdses whose property densities ab O for Parius2006/044843

nol ecular lunps i =I,...,N . Exanples of such averaged
properties include APl gravity, hydrogen content,
oct ane nunber, and pour poi4#: For averaged

properties, the ratio nethod sunmarized in Equations 5
CLAMSS w Il notwork. Instead, we have devel oped a
factor f that is a continuous function of the averaged
equal s, by This factor

| Wh al
bl ust s updeP L G eiae dhe FomBediried AlidSelrprarpent y
h t j get by., dit
TecdSEPh (oA el SR T Rertond finbdfBE e ™

property densitg.a.b is greater than the target value b
The net Rbsg@btainiggimeashr¢ments bydinglyzing theosanople with a

weights {w, } toward.a distribution that satisfies the
property consFPgﬁ%aq@&fgﬁ(ﬁ’Sﬂmﬂ&@m oh 3Ny masp SPEGAImeL,
The continuous factor f takes a cubic polynomal in
the properby vedoneiling ottpin fréﬁksté%\a)iﬁt}r‘d%hbﬁﬁﬂal fda]\V\e
determ ne the four constants Al through Adwith the
fol | owi ng conBiGAaPERRENt Conservation of total weight:
100 = T w,f (8a) N Averaged property constraint: j - i
aJ,wiF (8p)r e .
property Jgjo d@?ﬁ%ﬂﬂ%ﬁtﬁ% o@%p%’é?%ﬁﬁ?ey@ség?ﬁ&% 8Paem%f
i npose t he conempasitiva t¢ Fatedmingthe ddrepdagd®of the
defined in Equation 7, the factors and adjusted
wei ghts {w, }hxdrecadhesdeedstigani.ol | ows: f =l +gDb, (9) N
bJ- W, *ar =r (100 ",,w, *D, ;=1",, W *(I +
D, ) for The i ' '
occurrence of n?eﬁ%e%ﬁf ?lglsr?? [ @%lgl)r%ﬂ Qﬁg%%g\%@ I%h afrsga:glgas
chromatagraglo mmj ,bm) . If the actual target b s outside
this range, we approach this target in nultiple steps.

[0055] 4n tyi ver roper.ty. .
t ar get sj,' @H‘fc}aﬁffﬁi‘g‘? gﬁflgtﬁél ls‘giﬁgrre §{ @%%g ?}6 r(gﬁ%tf%%a high
resol{ition @k spédtethetef, ARGk Y time-oFPMBMEpeciBmpiie achi eved
much greater effectiveness by using a single factor
that includes the dependence, of ,al]l averaged property
t ar get s‘ﬁ %ﬂlée F’&@%%&ﬁ@agn | WhergH) mpyb g thermasssspectrometer is
: i\n: tion 7, with three additional
a°hletp¥§§a terfs?ﬂ%%ﬁ%géch target. Constraints in Equation 8
are also used for each property. Final factors and
wei ght Sadjthe method eff dain diwhereinsaid softtioniZqtion isfisld
ionizgt"lz' b) Distributed Property Targets [0056] In
6é%ral, a distributed property target occurs when the
property to be matched varies with sone independent
vari ablée. THeemditmidroftalaineh valiersi @id otlies abhlygidalvi t h
boiling, point tenperature, i.e. the distillation
measpgmyents inelydeesunsseriticad dluad chxoreatographyr ed di stri but ed
target. In the successive substitution nmethod, we

desi gn7a The method of claim 6 wherein said supercritical fluid

chromatography can generate hydrocarbon lumps.

8. The method of claim 1 wherein said other analytical

measurements include S-Sim Dist, Sim Dist, 1H—NI\/IR, PIONA, GC-FID, sulfur

and nitrogen contents.



factor f that effectively "redistills" the reference
wei ght distribution {w, *} during each iteration of
woheo7roecsaci | i ati on al gorithm we descri be bel oRCT[US2®E44843
Let WBP) represent the cunul ative wei ght percent
distilled off at boiling paint BP. The nmeasured target
di stributionis W , and W#4 s cal cul ated fronthe
reference weight distribution {w, *} of the nol ecul ar
| unps. Bot Thefméthed @felii Rihepeinshlinbthe} ahdlyRpsli ons
are nonotonically increasing functions of the boiling
meapggicnienBes $-<dm Pisjure 16a). In practice, the cunul ative
wei ght distribution WL. is nmeasured at discrete
boi | i ngypot C ' ' ion WD
at the %g'i FP%S“%@F%? g c}ﬁmeggvﬁféhég#ggtfgtp g# %lrﬁe'[plwg%v\ever,
measwrenmeyt isSiail Pastat e bet ween these di screte boiling
poi nts using snooth functions that preserve the

nonot onj ca I Nereasi nat yr e ,of cunmul ati ve wei ght
distri bhf y EJHX “2\‘?”‘58& ‘?? ﬁFaSnx ﬂWi‘Pb%P éi‘ﬁ%of?{‘, L%t ni ne
meablitenienf BtH-8MRr | bution WL. as a function of the
calculated distribution WD at the sane distillation
boiling, pojnts (see Figure 16b). Finally, we calculate
t he faclgr The mgghod gfiplasm hwherrin said ethebanalytiepl poi nt
' c). We use the factor f to adjust the
meaértgrglg}egh%? I'ghts as follows: ' !.- |, (13) where BP1l
is the boiling point of nolecular lump i . c) The
Successl3.eThabsithodiof ohimelcwherdin ahidathét grealytiduh
40058{] In éifgli)re 17, we show the typical enbodi nent of
meagementisd3GrRAD subst i tuti on reconciliation where a
ref erence nodel - of -conposition is adjusted to match
one di st4.i Whé asbthad 8£EIa{AA WhBgkil 94idtothePiifh g t han
one scal ar property targets. In general, adjusting
measuzeiglent iseutienand nitrogencdondardk. t ar get i n sequence
di srupts the previous match so that the wei ght percent
adj ust t . Qr , S
conver goic hopRE 8 Eim d wHARTRRL b RIER han 1 m
al gorithm References 1. Denn, MM "Optimzation by
Var i at i Bnalhemetlersof clainpt wherein saidsampié is lesswbign .2 ml.
1969. 2. Cover, T.M and J . A Thomas, "Elenents of
I nf or i | 18. 1. 3
pavisr 1 T RGO ol Baird i yhereitti@o gl Somipbshors
orgatimte imitialg $ntandajbhigrodpsl ns", Chapter 12, VCH
Publ i shers, 1996. CLAIMs: 1. A nethod to determ ne the

conposi {4 carhon feedstream.froma snall

canpie 1 “TobnsTd Of QaRs 13 W AERE A Bhnt B BFE parattins,
naphffRASS BIFILE ABor@iRsyAom8adilitss® Modufes? basic nitrogen

conbi nati on~of chronat ograph and”mass spectroner, %%

molecelesymilfidemaraliagids. from step a) with ot her anal yti cal
neasurenents, c) reconciling the output fromstep b)

corposi b o eREP S HbisR 7 PGl I Baier Baoumis preanized
by hdmblvedudberidsai m 1 wherein said chromatograph is a gas
chromat ograph. 3. The nmethod of claim 1l wherein nmass

spectr ter is.a hi resol ution mass spectraoneter,

such a%fiﬁ%@-wﬂ%ﬁ %ﬁga%ic‘t’h@ﬁﬁl e regoncrhing RESIEHE) oS

: ' relngql 0. .the ctro er |,S
carriél ShiToty Ao Pe i onolith SRS ERRT BTBRe 5 m 4
measWREAENLS of Slef 23 @hH sty Thwhile BatisTy{d | Arépdd

UEEHEILD 08 8lef) 25 2l sttTh )\Zﬂ‘ﬁteﬂrlgi@%ﬁsggifﬂﬁ?cﬁeﬁéﬁgﬁ%ﬁfpﬁlgﬁce&

nmeasurenents include supercritical fluid

chromat ography. 7. The nethod of claim6 wherein said

supercritical fluid chromatography can generate

hydrocarbon |lunps. 8. The nethod of claim 1l wherein

said other anal ytical neasurenents include S-Sim D st,

SimDist, 1HHNVR, PIONA, GC-FID, sulfur and nitrogen

contents. 9. The nethod of claim1 wherein said other

anal ytical neasurenent is S-SimDist.



10. The nmethod of claim 1l wherein said other
anal ytical neasurenent is SimD st. 11. The nethod of
wohei7eio3pher ei n sai d ot her anal ytical neasur eRemUSR®6/044843
1H- NVMR 12. The nethod of claim1 wherein said other
anal ytical neasurenment is PIONA. 13. The nethod of
claim 1 wherein said other %hal ytical neasurenent is
GC-FID. 14. The nethod of claimlwherein said other
anal yti 0] THRafsMOTRIFcldif S0WHeiaREc V\ﬂiéﬂi s constrained
contents. 15. The nethod of claim1l erelnh said
optigdregion problemss than 1 m. 16. The method of claim?7
wherein said sanple is less than .2 n. 17. The method

of clai 1| e gqhﬁdso"f' ?alHPf@'Wh%Imﬁ?ﬂ@ﬁf’oif% '%$'ﬁi8&rpé’tgﬁ%°&‘ is

organi ze 0 maj or groups
optinfizea] @ pfbdﬂcev\ﬂl%rrﬁbzi‘susé@hgntﬁﬁif @laifil Pus%p &Y, anB 3t B) ftdject to

napht henes, 1-4 Ring Aronmatics, non-basi’ c nitrogen
propeslyckalings, conataintsi t rogen nol ecul es, sul fides and

acids. 19. The method of claim17 wherei n each maj or

group i

met hod %? IT(I‘i}lal m %hke%rc 268 @gg%lrég%ggéé 1111‘?%%5 {]fcces

substisuti@1 pioedderét so that the nodel of conp03|t|on
substantially reproduces the nmeasurenents of step a)

bal ancett2 T TRl drstrity S L phefiin oo iBicepiive substitution is
an i PARRGbEARL T AHEANGI APEAL CRIhBbAAbh HhiBh&hEem 22

clarm

measmeaientyf oftclaipe | stepra)) ndotp B), 466 presditedieguei® until

measur ement s of cIa|n11 step a), ‘and step b) subj ect
changss jn Hisenodelbeof-gomposition hetwerrsiterations fall helohoalprddetermined
claim2 1 wherein reconciling is a successive
Substitution procedure. 24. The method of claim2 1
wherei n said successive substitution is an iterative
procedure in which the nodel -of - conposi ti on matches
t he measurenments of claim1l1l, step a), and step b), in
a prescribed sequence until changes in the
nodel - of - conposi ti on between iterations fall below a
predet erm ned val ue.

valu



