
PYRROLOTRIAZINE KINASE INHIBITORS FIELD OF THE
INVENTION [0001] This invention relates to novel
pyrrolotriazine compounds that are useful as
anti-cancer agents. This invention also relates to a
method of using the compounds in the treatment of
proliferative diseases and to pharmaceutical
compositions containing the compounds. BACKGROUND OF
THE INVENTION [0002] Tropomysosin Related Kinases
(Trk) are a family of receptor tyrosine kinases
composed of three family members, TrkA, TrkB and TrkC.
The Trks bind with high affinity to, and mediate the
signal transduction induced by the Neurotrophin family
of ligands whose prototype members are Nerve Growth
Factor (NGF), Brain- Derived Neurotrophic Factor
(BDNF) and Neurotrophin-3, -4 and -5 (NT-3, NT-4 and
NT-5). In addition, a co-receptor lacking enzymatic
activity, p75, has been identified which binds all
neurotrophines (NTs) with low affinity and regulates
neurotrophin signaling. A critical role of the Trks
and their ligands during the development of the
central and peripheral nervous systems have been
established through gene disruption studies in mice.
In particular, TrkA-NGF interaction was shown as a
requirement for the survival of certain peripheral
neuron populations involved in mediating pain
signaling. In addition to these developmental
consequences of Trk signaling, the subversion of this
receptor and its signaling pathway in certain
malignancies has also been documented. Of particular
note are reports of aberrant expression of NGF and
TrkA receptor kinase are implicated in the development
and progression of human prostatic carcinoma and
pancreatic ductal adrenocarcinoma and activating
chromosomal rearrangements of Trks in acute
myelogenous leukemia (AML), thyroid and breast cancers
and receptor point mutations predicted to be
constitutively activating in colon tumors. In addition
to these activation mechanisms, elevated Trk receptor
and ligand have also been reported in a variety of
tumor types including multiple myeloma, melanoma,
neuroblastoma, ovarian and pancreatic carcinoma. The
neurotrophins and their corresponding Trk receptor
subtypes have been shown to exert a variety of
pleiotropic responses on malignant cells, including
enhanced tumorinvasiveness and chemotaxis, activation
of apoptosis, stimulation of clonal growth, and
altered cell morphology. These effects have been
observed in carcinomas of the prostate, breast,
thyroid, colon, malignant melanomas, lung carcinomas,
glioblastomas, pancreatic carcinoids and a wide
variety of pediatric and neuroectodermal-derived
tumors including WiIm' s tumor, neuroblastomas and
medulloblastomas. Neurotrophins and their receptor
subtypes have been implicated in these cancers either
through autocrine or paracrine mechanisms involving
carcinoma cells and the surrounding parenchymal and
stromal tissues. In addition, profound or
significantly attenuated reduction of bone pain caused
by prostate cancer metastasis has recently been
achieved by utilization of anti-NGF antibody. Overall,
the oncogenic properties of Trk signaling in multiple
tumor types makes the modulation of the Trk receptor
signaling a potentially attractive therapeutic
intervention point in different malignancies. [0003]
Receptor tyrosine kinases (RTKs) are important in the
transmission of biochemical signals across the plasma
membrane of cells. These transmembrane molecules
characteristically consist of an extracellular
ligand-binding domain connected through a segment in
the plasma membrane to an intracellular tyrosine
kinase domain. In general, RTKs are activated by
ligand-induced oligomerization and tyrosine
autophosphorylation of specific intracellular
substrates such as PLCj PD kinase, ras, and
raf./MEK/Erkl . Tyrosine kinase activity is an
absolute requirement for signal transduction through
this class of receptor. [0004] The Trk family of RTKs
is frequently expressed in lung, breast, pancreatic
and prostate cancers as well as in certain type of
acute myelogenous leukemia and congenital
fibrosarcoma. The tyrosine kinase activity of Trk is
believed to promote the unregulated activation of cell
proliferation machinery. It is believed that
inhibitors 



of either TrkA, TrkB, or TrkC kinases, individually or
in combination, have utility against some of the most
common cancers such as brain, melanoma, multiple
myeloma, squamous cell, bladder, gastric, pancreatic,
breast, head, neck, esophageal, prostate, colorectal,
lung, renal, ovarian, gynecological, thyroid cancer,
and certain type of hematological
malignancies.DETAILED DESCRIPTION OF THE INVENTION
[0005] The invention provides for compounds of formula
I, pharmaceutical compositions employing such
compounds and for methods of using such compounds.
[0006] In accordance with the present invention, there
are disclosed compounds of formula I (I) wherein the
symbols have the following meanings and are, for each
occurrence, independently selected: X is a direct
bond, -C=O- or -CH-OH; Y is C3-C8 cycloalkyl, C -C1O
yl a 5 to 13 membered heteroaromatic ring, C3-C8 alkyl
or a 4 to 8 membered heteroalkyl ring, each of said Y
groups optionally substituted with 1 to 3 groups
selected from the group consisting of halogen, -OH,
alkyl, substituted alkyl, -CN, -NH2, -CONHR 3,
-OCONHR^-CONHSOaR 3, -NHCONHR 3. -CH2OR3 -CH2CH2OH5
alkoxy, substituted alkoxy, aryl, substituted aryl,
aryloxy, substituted aryloxy, -CF3 and -OCFa wOof
which may be attached to the same ring carbon atom
provided that the resultant compound is chemically
stable; Z is -(CH2V where p is an integer from 0 to 5,
-O-, -S-, -S(O)-, -S(O)2-, -S(O) 2NR4-, -NR4-,
-NR4SO2-, -NR4C(=O>, -NR4C(=O)NR 5-, -NR4C(=NH)NR 5-,
-NR4C(^N-CN)NR 5-, -NR4C(=N-OR 6)NR5- -NR4S(=O)NR 5-,
-NR4SO2NR5-, -NR4SO2CHR5-, -CHR4SO2NR5-, -NR4SO2-,
-NR4C(K))O-, -OC(=O)NR-, -CHR4C(=O)NR 5-, -NR4C(=O)CHR
5-, -CHR4NR5C(=O)-, -C(=O)NR 4CHR5-, -CHR4NSO2-,
-CHR4C(=N-OR)-, -CHR4C(=N-OR 6)NR5-, -CHR4SO2NR5-
-C(=O)NR 4C(=O)-, -CHR4C(=O)NR 5C(=O>, -NR4C(=O)NR
5C(=O)-, wherein each of R4, R5 and R6 groups are
independently selected from H, Ci-C alkyl, C3-C6
cycloalkyl, C -C acyl, C -aromatic group and 5 or
6-membered heteroaromatic group, wherein each of the
foregoing R4, R5 and R6 groups are independently
optionally substituted with 1-3 halogen atoms, C1-C
alkyl, C3- cycloalkyl, and C -C6 alkoxy;R1 is H, Ci-C
6 alkyl, arylalkyl, C3-C8 cycloalkyl, C9-C14
bicycloalkyl, C -Cio aryl, C5-C1 3 heteroaryl, C4-C12
heterocyclyl and 3 to 8-membered heterocycloalkyl and
each of said groups optionally substituted with 1 to 3
groups selected from the group consisting of
halogen,-OH, -OR7, -C(=O)OR 7-, -S(O)NHR 7, -SO2NHR 7
-SO2R7, alkyl. substituted alkyl, -CN, -NHR7 -CONHR 7
-OCONHR 7, -CONHSO 2R7, -NHCONHR 7, -CH2OR7,
-CH2CH2OH, alkoxy, substituted alkoxy, aryl,
substituted aryl, R7 is hydrogen or C1-C4 alkyl; C -Cg
cycloalkyl, aryl, arylalkyl, heteroaryl, heterocyclyl,
aryloxy, substituted aryloxy, -CF3 and -OCF3,two of
which may be attached to the same ring carbon atom
provided that the resultant compound is chemically
stable; R2 is H, halogen, -NR8R9 C1-C6 alkyl, C1-C6
alkenyl, C1-C6 alkynyl, C3-C8 cycloalkyl, arylalkyl or
C4-C heterocyclyl with at least one atom on the ring
selected from nitrogen or oxygen atom, and each of
said R2 groups optionally substituted with 1 to 3
groups selected from the group consisting of -OH 5OR8,
-NH2, -NR8R9, - CONHR 8, -OCONHR 8, -CONHSO 2R8,
-NHCONHR 8, -SR8, -S(=O)R 8, -SO2R8, -SO2N R8R9; R8 is
C1-C alkyl, C3-C6 cycloalkyl. an optionally
substituted aryl or heteroaryl group; said
substituents on the substituted aryl or substituted
heteroaryl group are selected from the group
consisting of one or more hydrogen, halogen, alkyl,
substituted alkyl, alkynyl, substituted alkynyl,
alkoxy, substituted alkoxy, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, aryloxy and
substituted aryloxy; R9 is hydrogen, halogen, Ci-C 6
alkyl, C3-C6 cycloalkyl or C1-C6 alkoxy; or 



R8 and R9 can be taken together with the nitrogen atom
to which they are attached to form an optionally
substituted heterocyclyl ring; or a pharmaceutically
acceptable salt or stereoisomer thereof. [0007] In
another embodiment, the invention comprises a compound
of formula II whereinwherein W is -CR 9 - or -N-; R1
is H, Ci-C6 alkyl, arylalkyl, C3-C8 cycloalkyl, C9-C14
bicycloalkyl, C -C 1O aryl, Cs-C1 heteroaryl, C4-C12
heterocyclyl and 3 to 8-membered heterocycloalkyl and
each of said groups optionally substituted with 1 to 3
groups selected from the group consisting of
halogen,-OH, -OR7, -C(=Q)OR7-, -S(=O)NHR7, -SO2NHR7,
-SO2R7, alkyl, substituted alkyl, -CN, -NHR7, -CONHR7,
-OCONHR7, -CONHSO2R7, -NHCONHR7, -CH2OR7, -CH2CH2OH,
alkoxy, substituted alkoxy, aryl or substituted aryl,
R7 is hydrogen or C -C alkyl; C3-C6 cycloalkyl, aryl,
arylalkyl, heteroaryl, heterocyclyl, aryloxy,
substituted aryloxy, -CF3 and -OCF TWO of which may be
attached to the same ring carbon atom provided that
the resultant compound is chemically stable; R2 is H
halogen, -NR8R9, Ci-C 6 alkyl, Ci-C6 alkenyl, C1-C6
alkynyl, C3-C8 cycloalkyl, arylalkyl or C4-Ce
heterocyclyl with at least one atom on the ring
selected from nitrogen or oxygen atom, and each of
said R2 groups optionally substituted with 1 to 3
groups selected from the group consisting of -OH, OR8,
-NH2, -NR8R9, - CONHR8, -OCONHR8, -CONHSO2R8,
-NHCONHR8, -SR8, -S(=O)R8, -SO2R8 -SO2N R8R9; R8 is C
-C6 alkyl, C -C6 cycloalkyl, an optionally substituted
aryl or heteroaryl group; said substituents on the
substituted aryl or substituted heteroaryl group are
selected from the group consisting of one or more
hydrogen, halogen, alkyl, substituted alkyl, alkynyl,
substituted alkynyl, alkoxy, substituted alkoxy, aryl,
substituted aryl, arylalkyl, substituted arylalkyl,
aryloxy and substituted aryloxy; R9 is hydrogen,
halogen, C -C alkyl, C3-C6 cycloalkyl or Ci-C alkoxy;
orR8 and R9 can be taken together with the nitrogen
atom to which they are attached to form an optionally
substituted heterocyclyl ring; or a pharmaceutically
acceptable salt or stereoisomer thereof. [0008] In
another embodiment, the invention comprises a compound
of formula m (HI) wherein W is -CR 9 -or -N-; R 1 is
H, C1-C6 alkyl, arylalkyl, C3-C8 cycloalkyl, C9-Ci 4
bicycloalkyl, Ce-C1Oaryl., C5-C13 heteroaryl, C4-C12
heterocyclyl and 3 to 8-membered heterocycloalkyl and
each of said groups optionally substituted with 1 to 3
groups selected from the group consisting of
haIogen,-OH, -OR7, -C(=O)OR 7-, -S(=O)NHR 7, -SO2NHR
7, -SO2R7, alkyl, substituted alkyl, -CN, -NHR7,
-CONHR 7, -OCONHR 7 -CONHSO 2R7, -NHCONHR 7, -CH2OR7,
-CH2CH2OH, alkoxy, substituted alkoxy, aryl,
substituted aryl, R7 is hydrogen or C1-C4 alkyl; C3-C6
cycloalkyl, aryl, arylalkyl, heteroaryl, heterocyclyl,
aryloxy, substituted aryloxy, -CF3 and -OCF two of
which may be attached to the same ring carbon atom
provided that the resultant compound is chemically
stable; or a pharmaceutically acceptable salt or
stereoisomer thereof. [0009] Preferred compounds of
the invention include the following
l-(5-{[4-amino-7-(l-methylethyl)pyrrolo[2,l-fJ[l,2,4]t
ria2in-5-yl]carbonyl}-3-
pyridinyl)-3-(2,4-dichlorophenyl)urea;
1-(3-{[4-amino-7-(1-methylethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-
yl]carbonyl}phenyl)-3-[3-(l,l-dimethylethyl)-l-methyl-
lH-pyrazol-5-yl]urea;
lK5-{[4-ammo-7-(l-methylethyl)pyiTolo[2,l-fl[l
2,4]tria2;in-5-yl]carbonyl}-3-
pyridinyl)-3-(2.4-difluorophenyl)urea; 



l<5-{[4-amino-7-(l-methylethyl)pyrrolo[2,l-f][l,2,4]tr
iazin-5-yl]carbonyl}-3-
pyridinyl)-3-(2-fluorophenyl)urea; l-(3-{[4-amino-7-(l
-methylethyl)pytrolo[2,l -fj[l ,2,4]triazin-5-
yljcarbonyl }phenyl)-3-(3-cyclopropyl-
1-methyl-1H-pyrazol-5-yl)urea;
lK5-{[4-amino-7-(l-methylethyl)py trolo[2,l-f][l
2,4]triazin-5-yl]carbonyl}-3-
pyridinyl)-3-(4-chlorophenyI)urea;
l-(5-{[4-amino-7-(l-methylethyl)pyrrolo[2.1-fl[l,2
543triazm-5-yl]carbonyl}-3-
pyridinyl)-3-(2-cyanophenyl)urea;
l-(5-{[4-amino-7-(l-methylethyl)pyrrolo[2,l-jE][l,2
4]triazin-5-yl]carbonyl}-3- pyridinyl)-3-[l-meti
iyl-3-(l-methylethyl)-lH-pyrazol-5-yI]urea;
1-[5-({4-amino-7-[3-(dimethylamino)-
1-propyn-1-yl]pyrrolo[2,l - f][l
2,4]triazin-5-yl}carbonyl)-3-pyridinyl]-3-(2,4-dichlor
ophenyl)urea;
1-(5-{[4-amino-7-(1-methylethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]carbonyl}-3-
pyridinyl)-3-[2-(trifluoromethyl)phenyl]urea;
l-(3-(4-amino-7-(3-(dimethylamino)prop-l-ynyl)pyrrolo[
l,2-fl[l,2,4]triazine-
5-carbonyl)phenyl)-3-(2,4-dichlorophenyl)urea;
l-{3-[(4-am.ino-7-isopropyl-pytrolo[2,l-f][l,2,4]tria2
in-5-
yl)carbonyl]phenyl}-3-[4-(trifluoromethyl)phenyl]urea;
1-(3-{ [4-amino-7-(1-methylethyl)pytrolo[2, 1-f]
[1,2,4]triazin-5- y1]
carbonyl}phenyl)-3-[3-(1,1-dimethylethy1)
-1-(2-hydroxyethyI)-1H-pyrazol-5- yl]urea;
l-{3-[(4-amino-7-isopropyl-pyrrolo[2,l-f][l,2,4]triazi
n-5- yl)carbonyl]phenyl}-3-(4-bromophenyl)urea;
1-{3-[(4-amino-7-bromopyrrolo [2, 1-f]
[1,2,4]triazin-5-yl)carbonyl]phenyl}-3-
(3-cyclopropyl-l -methyl-1H-pyrazol-5-yl)urea;
l-{3-[(4-amino-7-bromopyrrolo[2,l-fl[l,2,4]triazin-5-y
l)carbonyl]phenyl}-3- (2 4-dichlorophenyl)urea;1.(3-
{[4-amino-7-(l -methylethyl)pyrrolo[2, 1-fj
[1,2.4]triazin-5-
yl]carbonyl}phenyl)-3-{3-cyclopropyl-l-[2-(4-morpholin
yl)ethyl]-lH-pyrazol-5- yl}urea;
1-(5-{[4-amino-7-(1-metihylethyl)pyrrolo[2,1-f]
[1,234]triazin-5-yl]carbonyl}-3-
pyridinyl)-3-[4-(dimethylamino)phenyl]urea;
1-[3-({4-amino-7-[3-(dimethylamino)-
1-propyn-1-yl]pyrrolo[2,1- f
j[1,2,4]triazn-5-yl}carbonyl)phenyl]-3-(3
-cyclopropyl-1-methyl-1H-pyrazol-5- yl)urea;
l-{3-[(4-amino-7-isopropylpyrrolo[2,l-f][l,2
!,4]triazin-5-yl)carbonyl]phenyl}-
3-(2,4-dichlorophenyl)urea;
1-{3-[(4-amino-7-isopropyl-pyrrolo[2 51-f]
[1,2,4]triazin-5- yl)carbonyl]phenyl}-3-phenylurea;
1-{3-[(4-amino-7-isopropyl-pyi tolo[2,l-f]
[1,2,4]triazin-5-
yl)carbonyl]phenyl}-3-(2-methoxyphenyl)urea;
1-{3-[(4-amino-7-isopropyl- pyrrolo [2, 1-f]
[152,4]triazin-5-
yl)carbonyl3phenyl}-3-[2-(trifluoromethyl)phenyl]urea;
1-{3-[(4-amino-7-isopropyl-pyrrolo[2,l -f\
[1,2,4]triazin-5-
yl)carbonyl]phepyl}-3-(3-methoxyphenyl)urea;
1-{3-[(4-amino-7-isopropyl- pyrrolo [2, 1-f]
[1,2,4]triazin-5-
yl)carbonyl]phenyl}-3-(3-methylphenyl)urea;
l-{3-[(4-amino-7-isopropyl-pyrrolo[2,l-f][l,2,4]triazi
n-5- yl)carbonyl]phenyl}-3-(4-fluorophenyl)urea;
l-{3-[(4-amino-7-isopropyl-pyrrolo[2,l-f|[l
2,4]triazin-5-
yl)carbonyl]phenyl}-3-(4-phenoxyphenyl)urea;
1-{3-[(4-amino-7-isopropyl-pyrrolo[2, 1-f]
[1,2,4]triazin-5-
yl)carbonyl]phenyl}-3-(2,4-dimethylpheny])urea;
1-{3-[(4-amino-7-isopropyl-pyrrolo[2. 1-f| [
1,2,4]triazin-5-
yl)carbonyl]phenyl}-3-(l-naphthyl)urea; 



1-{3-[(4-amino-7-isopropyl-pyrrolo[2, 1-fj
[1,2,4]triazin-5-
yl)carbonyl]phenyl}-3-[4-(diniethylamino)phenyl]urea;
l-{3-[(4-amino-7-isopropyl-pyrrolo[2,l-f][l
2,4]triazin-5-
yl)carbonyl]phenyl}-3-[4-(benzyloxy)phenyl]urea;
1-{3-[(4-amino-7-isopropyl-py trolo [2, 1-f]
[1,2,4]triazin-5-
yl)carbonyl]phenyl}-3-pyridin-3-ylurea;
1-{3-[(4-amino-7-isopropyl-pyrrolo [2, 1-fj
[1,2,4]triazin-5- yl)carbonyl]phe pyl}-3-(l
,3-benzodioxol-5-yl)urea;
1-{3-[(4-amino-7-isopropyl-pyrrolo [2, 1-f]
[1,2,4]triazin-5 -
yl)carbonyl]phenyl}-3-(2-naphthyl)urea;
1-{3-[(4-amino-7-isopropyl-pyrrolo[2, 1-f] [
1,2,4]triazin-5- yl)carbonyl]phenyl
}-3-biphenyl-2-ylurea; or a pharmaceutically
acceptable salt thereof. fOOlO] The following are
definitions of terms that may be used in the
specification. The initial definition provided for a
group or term herein applies to that group or term
throughout the specification individually or as part
of another group, unless otherwise indicated. [0011]
The term "alkyl" refers to straight or branched chain
unsubstituted hydrocarbon groups of 1 to 20 carbon
atoms, preferably 1 to 7 carbon atoms. The expression
"lower alkyl" refers to unsubstituted alkyl groups of
1 to 4 carbon atoms. [0012] The term "substituted
alkyl" refers to an alkyl group substituted by, for
example, one to four substituents, such as, halo,
hydroxy, alkoxy, oxo, alkanoyl, aryloxy, alkanoyloxy,
amino, alkylamino, arylamino, arylalkylamino,
disubstituted amines in which the 2 amino substituents
are selected from alkyl, aryl or arylalkyl;
alkanoylamino, aroylamino, aralkanoylamino,
substituted alkanoylamino, substituted arylamino,
substituted aralkanoylamino, thiol, alkylthio,
arylthio, arylalkylthio, alkylthiono, arylthiono,
arylalkylthiono, alkylsulfonyl, arylsulfonyl,
arylalkylsulfonyl, sulfonamido, e.g. SO2NH2,
substituted sulfonamido, nitro, cyano, carboxy,
carbamyl, e.g. CONH 2, substituted carbamyl e.g.
CONHalkyl, CONHaryl, CONHarylalkyl or cases where
there are two substituents on the nitrogen selected
from alkyl, aryl or arylalkyl; alkoxycarbonyl, aryl,
substituted aryl, guanidino, heterocyclyl, e.g.,
indolyl, imidazolyl, furyl, thienyl, thiazolyl,
pyrrolidyl, pyridyl, pyrimidyl, pyrrolidinyl,
piperidinyl, morpholinyl, piperazinyl, homopiperazinyl
and the like, and substituted heterocyclyl. Where
noted above where the substituent is further
substituted it will be with alkyl, alkoxy, aryl or
arylalkyl.[0013] The term "halogen" or "halo" refers
to fluorine, chlorine, bromine and iodine. [0014] The
term "aryl" refers to monocyclic or b cyclic aromatic
hydrocarbon groups having 6 to 12 carbon atoms in the
ring portion, such as phenyl, naphthyl, biphenyl and
diphenyl groups, each of which may be substituted.
[0015] The term "arylalkyl" refers to an aryl or a
substituted aryl group bonded directly through an
alkyl group, such as benzyl. [0016] The term "aryloxy"
refers to an aryl or a substituted aryl group bonded
directly through an alkoxy group, such as methoxy or
ethoxy. [0017] The term "substituted aryl" refers to
an aryl group substituted by, for example, one to four
substituents such as alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, arylalkyl, halo,
trifluoromethoxy, trifluoromethyl, hydroxy, alkoxy,
alkanoyl, alkanoyloxy, aryloxy, arylalkyloxy, amino,
alkylamino, arylamino, arylalkylamino, dialkylamino,
alkanoylamino, thiol, alkylthio, ureido, nitro, cyano,
carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl,
alkylthiono, arylthiono, arylsulfonylamine, sulfonic
acid, alkysulfonyl, sulfonamido, aryloxy and the like.
The substituent may be further substituted by hydroxy,
halo, alkyl, alkoxy, alkenyl, alkynyl, aryl or
arylalkyl. [0018] The term "heteroaryl" refers to an
optionally substituted, aromatic group for example,
which is a 4 to 7 membered monocyclic, 7 to 11
membered bicyclic, or 10 to 15 membered tricyclic ring
system, which has at least one heteroatom and at 



least one carbon atom-containing ring, for example,
pyridine, tetrazole, indazole. [0019] The term
"alkenyl" refers to straight or branched chain
hydrocarbon groups of 2 to 20 carbon atoms, preferably
2 to 15 carbon atoms, and most preferably 2 to 8
carbon atoms, having one to four double bonds. [0020]
The term "substituted alkenyl" refers to an alkenyl
group substituted by, for example, one to two
substituents, such as, halo, hydroxy, alkoxy,
alkanoyl, alkanoyloxy, amino, alkylamino,
dialkylamino, alkanoylamino, thiol, alkylthio,
alkylthiono, alkylsulfonyl, sulfonamido, nitro, cyano,
carboxy, carbamyl, substituted carbamyl, guanidino,
ndolyl, imidazolyl, furyl, thienyl, thiazolyl,
pyrrolidyl, pyridyl, pyrimidyl and the like.[0021] The
term "alkynyl" refers to straight or branched chain
hydrocarbon groups of 2 to 20 carbon atoms, preferably
2 to 15 carbon atoms, and most preferably 2 to 8
carbon atoms, having one to four triple bonds. [0022]
The term "substituted alkynyl" refers to an alkynyl
group substituted by, for example, a substituent, such
as, halo, hydroxy, alkoxy, alkanoyl, alkanoyloxy,
amino, alkylamino, dialkylamino, alkanoylamino, thiol,
alkylthio, alkylthiono, alkylsulfonyl. sulfonamido,
nitro, cyano, carboxy, carbamyl, substituted carbamyl,
guanidino and heterocyclyl, e.g. imidazolyl, furyl,
thienyl, thiazolyl, pyrrolidyl, pyridyl, pyrimidyl and
the like. [0023] The term "cycloalkyl" refers to an
optionally substituted, saturated cyclic hydrocarbon
ring systems, preferably containing 1 to 3 rings and 3
to 7 carbons per ring which may be further fused with
an unsaturated C -C7 carbocylic ring. Exemplary groups
include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cycloctyl, cyclodecyl,
cyclododecyl, and adamantyl. Exemplary substituents
include one or more alkyl groups as described above,
or one or more groups described above as alkyl
substituents. [0024] The terms "heterocycle",
"heterocyclic" and "heterocyclyl" refer to an
optionally substituted, fully saturated or
unsaturated, aromatic or nonaromatic cyclic group, for
example, which is a 4 to 7 membered monocyclic, 7 to
11 membered bicyclic, or 10 to 15 membered tricyclic
ring system, which has at least one heteroatom in at
least one carbon atom-containing ring. Each ring of
the heterocyclic group containing a heteroatom may
have 1, 2 or 3 heteroatoms selected from nitrogen
atoms, oxygen atoms and sulfur atoms, where the
nitrogen and sulfur heteroatoms may also optionally be
oxidized and the nitrogen heteroatoms may also
optionally be quaternized. The heterocyclic group may
be attached at any heteroatom or carbon atom. [0025]
Exemplary monocyclic heterocyclic groups include
pyrrolidinyl, pyrrolyl, indolyl, pyrazolyl, oxetanyl,
pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl,
oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl,
thiazolyl, thiadiazolyl, thiazolidinyl. isothiazolyl,
isothiazolidinyl, furyl, tetrahydrofuryl, thienyl,
oxadiazolyl, piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, homopiperazinyl,
2- oxohomopiperazinyl, 2-oxopyrrolidinyl,
2-oxazepinyl, azepinyl, 4-piperidonyl,pyridyl,
N-oxo-pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
tetrahydropyranyl, morpholinyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiamorpholinyl sulfone,
1,3-dioxolane andtetrahydro-1, 1-dioxothienyl,
dioxanyl, isothiazolidinyl, thietanyl, thiiranyl.,
triazinyl, and triazolyl, and the like. [0026]
Exemplary bicyclic heterocyclic groups include
2,3-dihydro-2-oxo-lHindolyl, benzothiazolyl,
benzoxazolyl, benzothienyl, quinuclidinyl, quinolinyl,
quinolinyl-N-oxide, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl,
indolizinyl, benzofuryl, chromonyl, coumarinyl,
cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,
furopyridinyl (such as furo[2,3-c]pyridinyl,
furo[3,l-b]pyridinyfj or furo[2,3-b]pyridinyl),
dihydroisoindolyl, dihydroquinazolinyl (such as
3.4-dihydro-4-oxo-quinazolinyl), benzisothiazolyl,
benzisoxazolyl, benzodiazinyl, benzofurazanyl,
benzothiopyranyl, benzotriazolyl, benzpyrazolyl, 1,3-
benzodioxolyl, dihydrobenzofuryl, dihydrobenzothienyl,
dihydrobenzothiopyranyl, dihydrobenzothiopyranyl
sulfone, dihydrobenzopyranyl, indolinyl, indazolyl, 



isochromanyl, isoindolinyl, naphthyridinyl.
phthalazinyl. piperonyl, purinyl, pyridopyridyl,
quinazolinyl, tetrahydroquinolinyl, thienofuryl,
thienopyridyl, thienothienyl, and the like. [0027]
Exemplary substituents include one or more alkyl or
arylalkyl groups as described above or one or more
groups described above as alkyl substituents. [0028]
Also included are smaller heterocyclyls, such as,
epoxides and aziridines. [0029] The term "carbocyclic
ring" or "carbocyclyl" refers to stable, saturated,
partially saturated or unsaturated, mono or bicyclic
hydrocarbon rings that contain 3- 12 atoms.
Particularly, this includes a monocyclic ring
containing 5 or 6 atoms or a bicyclic ring containing
9 or 10 atoms. Suitable values include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
dihydroindenyl and tetrahydronaphthyl. The term
"optionally substituted" as it refers to "carbocyclic
ring" or "carbocyclyl" herein indicates that the
carbocyclic ring may be substituted at one or more
substitutable ring positions by one or more groups
independently selected from alkyl (preferably lower
alkyl), alkoxy (preferably lower alkoxy), nitro,
monoalkylamino (preferably a lower alkylamino),
dialkylamino (preferably a di[lower]alkylamino),
cyano, halo, haloalkyl (preferably trifluoromethyl),
alkanoyl, aminocarbonyl, monoalkylaminocarbonyl,
dialkylaminocarbonyl, alkyl amido(preferably lower
alkyl amido), alkoxyalkyl (preferably a lower
alkoxy[lower]alkyl), alkoxycarbonyl (preferably a
lower alkoxycarbonyl), alkylcarbonyloxy (preferably a
lower alkylcarbonyloxy) and aryl (preferably phenyl),
said aryl being optionally substituted by halo, lower
alkyl and lower alkoxy groups. [0030] The term
"heteroatoms" shall include oxygen, sulfur and
nitrogen. [0031] The compounds of formula I may form
salts which are also within the scope of this
invention. Pharmaceutically acceptable (i.e.
non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful, e.g.,
in isolating or purifying the compounds of this
invention. [0032] The compounds of formula I may form
salts with alkali metals such as sodium, potassium and
lithium, with alkaline earth metals such as calcium
and magnesium, with organic bases such as
dicyclohexylamine, tributylamine, pyridine and amino
acids such as arginine, lysine and the like. Such
salts can be formed as known to those skilled in the
art. [0033] The compounds for formula I may form salts
with a variety of organic and inorganic acids. Such
salts include those formed with hydrogen chloride,
hydrogen bromide, methanesulfonic acid, sulfuric acid,
acetic acid, trifluoroacetic acid, oxalic acid, maleic
acid, benzenesulfonic acid, toluenesulfonic acid and
various others (e.g., nitrates, phosphates, borates,
tartrates, citrates, succinates, benzoates,
ascorbates, salicylates and the like). Such salts can
be formed as known to those skilled in the art. [0034]
In addition, zwitterions ("inner salts") may be
formed. [0035] All stereoisomers of the compounds of
the instant invention are contemplated, either in
admixture or in pure or substantially pure form. The
definition of compounds according to the invention
embraces all the possible stereoisomers and their
mixtures. It very particularly embraces the racemic
forms and the isolated optical isomers having the
specified activity. The racemic forms can be resolved
by physical methods, such as, for example, fractional
crystallization, separation or crystallization of
diastereomeric derivatives or separation by chiral
column chromatography. The individual optical isomers
can be obtained from the racemates from the
conventional methods, such as, for example, salt
formation with an optically active acid followed by
crystallization.[0036] Compounds of formula I may also
have prodrug forms. Any compound that will be
converted in vivo to provide the bioactive agent
(i.e., the compound for formula I) is a prodrug within
the scope and spirit of the invention. [0037] Various
forms of prodrugs are well known in the art. For
examples of such prodrug derivatives, see: a) Design
of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985)
and Methods in Enzymology, Vol. 112, p. 309-396,
edited by K. Widder, et al. (Academic 



Press, 1985); b) A Textbook of Drug Design and
Development, edited by Krosgaard- Larsen and H.
Bundgaard, Chapter 5, "Design and Application of
Prodrugs," by H. Bundgaard, p. 113-191 (1991); and c)
H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38
(1992). [0038] It should further be understood that
solvates (e.g., hydrates) of the compounds of formula
I are also with the scope of the invention. Methods of
solvation are generally known in the art. UTILITY
[0039] The invention is based on the discovery that
certain pyrrolotriazines are inhibitors of protein
kinases. More specifically, pyrrolotriazines such as
those described in this invention inhibit the protein
tyrosine kinase activity of members of the TRK family
of receptors. These inhibitors will be useful in the
treatment of proliferative diseases that are dependent
on signaling by one or more of these receptors. Such
diseases include solid tumors of the pancreatic,
prostate, lung, head and neck, breast, colon, ovary,
as well as other tumor types including multiple
myeloma, melanoma, neuroblastoma, gliobalstoma and
acute myelogenous leukemia. The invention relates to a
pharmaceutical composition of compound of formula I5
or pharmaceutically acceptable salt or hydrate
thereof, and a pharmaceutically acceptable carrier in
the treatment of hyperproliferative disorder in
mammal. In particular, said pharmaceutical composition
is expected to inhibit the growth and/or metastasis of
those primary and recurrent solid tumors which are
associated with TrkA, TrkB, TrkC, Flt-3 (Fms-like
kinase-3) and Tie-2, especially those tumors which
aresignificantly dependent on TrkA, TrkB, TrkC, Flt-3,
Tie-2 for their growth and spread, including for
example, cancers of the thyroid, breast, colon,
pancreas, or a variety of tumor types including
multiple myeloma, melanoma, neuroblastoma and
glioblastoma. [0040] Thus according to a further
aspect of the invention there is provided the use of a
compound of the formula I, or a pharmaceutically
acceptable salt thereof in the manufacture of a
medicament for use in the production of an
antiproliferative effect in a warm-blooded animal such
as a human being. [0041] According to a further
feature of the invention there is provided a method
for producing an antiproliferative effect in a
warm-blooded animal, such as a human being, in need of
such treatment which comprises administering to said
animal an effective amount of a compound of formula I
or a pharmaceutically acceptable salt thereof as
defined herein before. By virtue of their ability to
inhibit TrkA, TrkB, Trk C Flt-3 and Tie-2 kinases,
compounds of the invention can be used for the
treatment of proliferative diseases, including cancer.
The TrkA, TrkB and TrkC receptor kinases have been
shown to be expressed and activated in tumors
including thyroid, breast, colon, and elevated Trk
receptors and corresponding ligands have also been
reported in a variety of tumor types including
multiple myeloma, melanoma, pancreatic carcinoma,
neuroblastoma and glioblastoma. It is therefore
expected that inhibitors of the TrkA, TrkB and TrkC
kinases will have efficacy in the treatment of tumors
that depend on signaling from either or both of the
two receptors. These compounds are expected to have
efficacy either as single agent or in combination
(simultaneous or sequentially) with other
chemotherapeutic agents such as Taxol(r), adriamycin,
and cisplatin. [0042] The antiproliferative treatment
defined herein before may be applied as a sole therapy
or may involve, in addition to a compound of the
invention, one or more other substances and/or
treatments. Such treatment may be achieved by way of
the simultaneous, sequential or separate
administration of the individual components of the
treatment. The compounds of this invention may also be
useful in combination with known anti-cancer and
cytotoxic agents and treatments, including radiation.
If formulated as a fixed dose, such combination
products employ the compounds of this invention within
the dosage range described below and the other
pharmaceuticallyactive agent within its approved
dosage range. Compounds of formula I may be used 



sequentially with known anticancer or cytotoxic agents
and treatment, including radiation when a combination
formulation is inappropriate. [0043] The term
"anti-cancer" agent includes any known agent that is
useful for the treatment of cancer including the
following: 17a-ethinylestradiol, diethylstilbestrol,
testosterone, prednisone, fluoxymesterone,
dromostanolone propionate, testolactone,
megestrolacetate, methylprednisolone,
methyl-testosterone, prednisolone, triamcinolone,
chlorotrianisene, hydroxyprogesterone,
aminoglutethimide, estramustine,
medroxyprogesteroneacetate, leuprolide, flutamide,
toremifene, Zoladex; matrix metalloproteinase
inhibitors; VEGF inhibitors, such as anti-VEGF
antibodies (Avastin ) and small molecules such as
ZD6474 and SU6668; Vatalanib, BAY-43-9006, SUl 1248,
CP-547632, and CEP-7055; HER 1 and HER 2 inhibitors
including anti- HER2 antibodies (Herceptin); EGFR
inhibitors including geftinib, erlotinib, ABX-EGF,
EMD72000, 11F8, and cetuximab; Eg5 inhibitors, such as
SB-715992, SB-743921, and MKI-833; pan Her inhibitors,
such as canertinib, EKB-569, CI-1 033, AEE-788,
XL-647, mAb 2C4, and GW-572016; Src inhibitors, e.g.
Gleevec and Sprycel (dasatinib); Casodex(r)
(bicalutamide, Astra Zeneca), Tamoxifen; MEK-I kinase
inhibitors, MAPK kinase inhibitors, PI3 kinase
inhibitors; PDGF inhibitors, such as imatinib;
anti-angiogenic and antivascular agents which, by
interrupting blood flow to solid tumors, render cancer
cells quiescent by depriving them of nutrition;
castration, which renders androgen dependent
carcinomas non proliferative; inhibitors of
non-receptor and receptor tyrosine kinases; inhibitors
of integrin signaling; tubulin acting agents such as
vinblastine, vincristine, vinorelbine, vinflunine,
paclitaxel , docetaxel,
7-O-methylthiomethylpaclitaxel, 4-desacetyl-4-
methylcarbonatepaclitaxel, 3'-?err-butyl-3'-N- r
-butyloxycarbonyl-4-deacetyl-3 ' -
dephenyl-3'-N-debenzoyl-4-O-methoxycarbonyl-paclitaxel
, C-4 methyl carbonate paclitaxel, epothilone A,
epothilone B, epothilone C, epothilone D,
desoxyepothilone A3 desoxyepothilone B,
[1S-[1R*,3R*(E)/7R*,1OS*,1 lR*,12R*,16S*]]-7-l 1-
dihydroxy-8,8, 10,12,16-pentamethyl-3-[
1-methyl-2-(2-methyl-4-thiazolyl)ethenyI]-4- aza-17
oxabicyclo [14.1.0]heptadecane-5,9-dione
(ixabepilone), [IS- [1R*,3R*(E) 7R*,1 OS*,11R*,1 2R*,
16S*]]-3-[2-[2-(aminomethyl)-4-thiazolyl]-l
-methylethenyl]-7,11-dihydroxy-8,8, 10
12,16-pentamethyl-4-l 7-dioxabicyclo[l 4.LO]-
heptadecane-5,9-dione, and derivatives thereof; CDK
inhibitors, antiproliferative cell cycle inhibitors,
epidophyllotoxin, etoposide, VM-26; antineoplastic
enzymes, e.g., topoisomerase I inhibitors,
camptothecin, topotecan, SN-38; procarbazine;
mitoxantrone; platinum coordination complexes such as
cisplatin, carboplatin and oxaliplatin; biological
response modifiers; growth inhibitors; antihormonal
therapeutic agents; leucovorin; tegafur;
antimetabolites such as purine antagonists (e.g. 6-
thioguanine and 6-mercaptopurine; glutamine
antagonists, e.g. DON (AT-125; d-oxonorleucine);
ribonucleotide reductase inhibitors; mTOR inhibitors;
and haematopoietic growth factors. [0044] Additional
cytotoxic agents include, cyclophosphamide,
doxorubicin, daunorubicin, mitoxanthrone, melphalan,
hexamethyl melamine, thiotepa, cytarabin. idatrexate,
trimetrexate, dacarbazine, L-asparaginase,
bicalutamide, leuprolide, pyridobenzoindole
derivatives, interferons, and interleukins. [0045] In
the field of medical oncology it is normal practice to
use a combination of different forms of treatment to
treat each patient with cancer. In medical oncology
the other component(s) of such treatment in addition
to the antiproliferative treatment defined herein
before may be surgery, radiotherapy or chemotherapy.
Such chemotherapy may cover three main categories of
therapeutic agent: (i) antiangiogenic agents that work
by different mechanisms from those defined
hereinbefore (for example, linomide, inhibitors of
integrin avb3 function, angiostatin, razoxane); (ii)
cytostatic agents such as antiestrogens (for example,
tamoxifen, toremifene, raloxifene, droloxifene,
iodoxifene), progestogens (for example, megestrol
acetate) aromatase inhibitors (for example,
anastrozole, letrozole, 



borazole, exemestane), antihormones, antiprogestogens,
antiandrogens (for example, flutamide, nilutamide,
bicalutamide, cyproterone acetate), LHRH agonists and
antagonists (for example, gosereline acetate,
leuprolide), inhibitors of testosterone
5a-dihydroreductase (for example, finasteride),
farnesyltransferase inhibitors, anti-invasion agents
(for example, metalloproteinase inhibitors such as
marimastat and inhibitors of urokinase plasminogen
activator receptor function) and inhibitors of growth
factorfunction, (such growth factors include for
example, EGF, FGF, platelet derived growth factor and
hepatocyte growth factor, such inhibitors include
growth factor antibodies, growth factor receptor
antibodies such as Avastin(r) (bevacizumab) and
Erbitux(r) (cetuximab); tyrosine kinase inhibitors and
serine/threonine kinase inhibitors); and (iii)
antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology,
such as antimetabolites (for example, antifolates such
as methotrexate, fluoropyrimidines such as
5-fluorouracil, purine and adenosine analogues,
cytosine arabinoside); Intercalating antitumour
antibiotics (for example, anthracyclines such as
doxorubicin, daunomycin, epirubicin and idarabicin,
mitomycin-C, dactinomycin, mithramycin); platinum
derivatives (for example, cisplatin, carboplatin);
alkylating agents (for example, nitrogen mustard,
melphalan, chlorambucil, busulphan, cyclophosphamide,
ifosfamide nitrosoureas, ttiiotepa; antimitotic agents
(for example, vinca alkaloids like vincristine,
vinorelbine, vinblastine and vinflunine) and taxoids
such as Taxol(r) (paclitaxel), Taxotere(r) (docetaxel)
and newer microbtubule agents such as epothilone
analogs (ixabepilone), discodermolide analogs, and
eleutherobin analogs; topoisomerase inhibitors (for
example, epipodophyllotoxins such as etoposide and
teniposide, amsacrine, topotecan, irinotecan); cell
cycle inhibitors (for example, fiavopyridols);
biological response modifiers and proteasome
inhibitors such as Velcade(r) (bortezomib). [0046] As
stated above, the formula I compounds of the invention
are of interest for their antiproliferative effects.
Such compounds of the invention are expected to be
useful in a wide range of disease states including
cancer, psoriasis, and rheumatoid arthritis. [0047]
More specifically, the compounds of formula I are
useful in the treatment of a variety of cancers,
including (but not limited to) the following:
-carcinoma, including that of the prostate, pancreatic
ductal adrenocarcinoma, breast, colon, lung, ovary,
pancreas, and thyroid;-tumors of the central and
peripheral nervous system, including neuroblastoma,
glioblastoma, and medullobalstomaf and -other tumors,
including melanoma and multiple myeloma. [0048] Due to
the key role of kinases in the regulation of cellular
proliferation in general, inhibitors could act as
reversible cytostatic agents which may be useful in
the treatment of any disease process which features
abnormal cellular proliferation, e.g., benign prostate
hyperplasia, familial adenomatosis polyposis,
neuro-fibromatosis, pulmonary fibrosis, arthritis,
psoriasis, glomerulonephritis, restenosis following
angioplasty or vascular surgery, hypertrophic scar
formation and inflammatory bowel disease [0049] The
compounds of formula I are especially useful in
treatment of tumors having a high incidence of
tyrosine kinase activity, such as prostate, colon,
brain, thyroid and pancreatic tumors. By the
administration of a composition (or a combination) of
the compounds of this invention, development of tumors
in a mammalian host is reduced. [0050] Compounds of
formula I may also be useful in the treatment of other
cancerous diseases (such as acute myelogenous
leukemia) that may be associated with signal
transduction pathways operating through kinases such
as Flt-3 (Fme-like kinase-3, including wild type or
any mutant types such as Flt-3(ITD)), Tie-2, CDK2, 



VEGFR, FGFR and IGFR kinases. [0051] The
pharmaceutical compositions of the present invention
containing the active ingredient may be in a form
suitable for oral use, for example, as tablets,
troches, lozenges, aqueous or oily suspensions,
dispersible powders or granules, emulsions, hard or
soft capsules, or syrups or elixirs. [0052] The
pharmaceutical compositions may be in the form of
sterile injectable aqueous solutions. Among the
acceptable vehicles and solvents that may be employed
are water, Ringer's solution and isotonic sodium
chloride solution. [0053] When a compound according to
this invention is administered into a human subject,
the daily dosage will normally be determined by the
prescribing physician with the dosage generally
varying according to the age, weight, sex and response
of the individual patient, as well as the severity of
the patient's symptoms.[0054] If formulated as a fixed
dose, such combination products employ the compounds
of this invention within the dosage range described
above and the other pharmaceutically active agent or
treatment within its approved dosage range. Compounds
of formula I may also be administered sequentially
with known anticancer or cytotoxic agents when a
combination formulation is inappropriate. The
invention is not limited in the sequence of
administration; compounds of formula I may be
administered either prior to or after administration
of the known anticancer or cytotoxic agent(s). [0055]
The compounds may be administered in a dosage range of
about 0.05 to 200 mg/kg/day, preferably less than 100
mg/kg/day, in a single dose or in 2 to 4 divided
doses. BIOLOGICAL ASSAYS TrkA [0056] The ability of
compounds of the invention to inhibit tyrosine kinase
activity of TrkA may be measured using a recombinant
enzyme in an assay that measures the ability of
compounds to inhibit the phosphorylation of the
exogenous substrate, polyGluTyr (PGT 4:1). The kinase
domain of the human TrkA receptor is expressed in Sf9
insect cells as a histidine (His)-fusion protein using
a baculovirus expression system. The protein is
purified from the lysates of these cells using an Ni-
NTA affinity column. After the recombinant enzyme is
purified, it is activated by incubation with cold ATP.
The enzyme assay is performed in a 96-well plate. Test
compounds are first dissolved in dimethylsulfoxide
(DMSO) and then serially-diluted in a 96-well plate.
The serially-diluted compounds are transferred to the
96-well assay plate so that the final concentration of
DMSO in the enzyme assay is 1.64%. All assay
components are diluted in phosphorylation buffer (20mm
MOPS, 1OmM MgCl , ImM EDTA, 0.015% Brij-35, 0.1mg/ml
BSA, 0.0025% Beta-Mercaptoethanol). The recombinant
enzyme is added to the assay plate containing test
compound and the reaction is initiated with a
substrate solution containing a final concentration of
0.1mg/ml PGT53OuM ATP3 and 0.008mCi/ml 33P-gammaATP
(3000Ci/mmol). After a 1 hour incubation at 300C, the
reaction is terminated with 10% TCA and incubated 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. Microscint-20 is
then added to the dried filter plate and the captured
33P-phosphorylated PGT is quantitated on a
microscintillation plate counter (TopCount-NXT(tm)).
Inhibition of the kinase enzymatic activity by the
test compound is detected by a reduction in
scintillation, and the concentration of compound that
is required to inhibit the signal by 50% is reported
as the TC 50 value for the test compound. TYkB [0057]
The ability of compounds of the invention to inhibit
tyrosine kinase activity of TrkB may be measured using
a recombinant enzyme in an assay that measures the
ability of compounds to inhibit the phosphorylation of
the exogenous substrate, polyGluTyr (PGT, 4:1). The
kinase domain of the human TrkB receptor (amino acids
526-838) is expressed in insect cells as a histidine
(His)-fusion protein and is commercially available
from Invitrogen . The enzyme assay is performed in a 



96-well plate. Test compounds are first dissolved in
dimethylsulfoxide (DMSO) and then serially-diluted in
a 96-well plate. The serially-diluted compounds are
transferred to the 96-well assay plate so that the
final concentration of DMSO in the enzyme assay is
1.64%. AU assay components are diluted in
phosphorylation buffer (20mm MOPS 1OmM MgCl2 ImM EDTA,
0.015% Brij-35, O.lmg/ml BSA- 0.0025%
Beta-Mercaptoethanol). The recombinant enzyme is added
to the assay plate containing test compound and the
reaction is initiated with a substrate solution
containing a final concentration of O.lmg/ml PGT 53OuM
ATP and 0.008mCi/ml 33PgammaATP (3000Ci/mmol)(Perkin
Elmer(tm)) After a 1 hour incubation at 300C5 the
reaction is terminated with 10% TCA and incubated at
40C for 1 hour. The reaction is filtered onto a
Unifilter (r) GF/C(tm) filter plate that has been
presoaked with 0.1M NaPyrophosphate. Microscint-20 is
then added to the dried filter plate and the captured
33P-phosphorylated PGT is quantitated on a
microscintillation plate counter (TopCount-NXT(tm)).
Inhibition of the kinase enzymatic activity by the
test compound is detected by a reduction in
scintillation, and the concentration of compound that
is required to inhibit the signal by 50% is reported
as the IC50 value for the test compound.W [0058] The
instant compounds inhibit TrkA and TrkB with IC50
values between 0.001 to 10 mM. Preferred compounds
have IC50 values between 0.001 - 2.5 mM. More
preferred compounds have ICs0 values between 0.001 -
0.5 mM. Most preferred compounds have IC50 values
between 0.001 -0.1 mM. Representative compounds are
listed in following table. METHODS OF PREPARATION
[0059] Certain compounds of formula I may generally be
prepared according to the following schemes and the
knowledge of one skilled in the art.SCHEME 1 iii
Ar-N=C=O I (X: C=O) Step 10 [0060] Compound ii was
prepared from commercially available Compound i
according to known literature procedure (Step 1, Ref.:
US 2004/02201 86Al). Treatment of Compound ii with
ethyl isocyanoacetate in the presence of catalytic
amount of rhodium carbonyl complex, Rh (CO)^, yielded
Compound iii (Step 2, Ref.: Shun-Ichi Murahashi et
al., Org. Lett., 2001, 3 (3), 421-424). Conversion of
Compound iii to Compound iv was accomplished by
reacting Compound iii with chloroamine in the presence
of a base, such as NaH (Step 3). Reaction of Compound
iv with foramidine afforded Compound v (Step 4).
Treatment of Compound v with base, such as LiOH, or
NaOH, followed by a chlorinating reagent, such as
thionyl chloride, gave rise to Compound vii (Step 5
and 6). Compound vii was reacted
withN-methyl-N-methoxyamine to give Compound viii
(Step 7), which, upon treatment with ammonia, yielded
Compound ix (Step 8). Reaction of Compound ix with an
anion of a protected aniline, followed by
deprotection, provided Compound x (Step 9). Finally,
reaction of Compound x with a suitably substituted
aryl isocyanate generated Compound I (where X = C=O)
(Step 10, Scheme 1). [0061] Alternatively, Compound I
can be prepared according to Scheme 2. Compounds xi
and xii can be prepared according to known procedure
(Step 1, USSN 09/573829). Conversion of Compound xii
to Compound xi can be achieved by treatment of
Compound xii with NBS in the presence of a radical
initiator, such as ADBN, or BzO2, followed by aq.
NaHCO or water (Step 2). Oxidation of Compound xiii to
Compound xiv can be achieved by using sodium chlorite
(Step 3). Transformations of Compound xiv to Compound
xv can be achieved by treatment of xiv with
diazomethathane (Step 4). Conversion of Compound xv to
xvi is achieved by treatment with ammonia (Step 5).
Sequence of Step 4 and Step 5 can be exchanged for
optimal yield. Conversion of Compound xvi to xvii is
similar to Step 9 in Scheme 1. Conversion of Compound
xvii to xvi can be achieved by coupling 



with acetylene in the presence of a palladium
catalyst, or by coupling with substituted boronic acid
in the presence of a palladium catalyst (Step 7).
Finally, Compound xviii can be further transformed to
Compound I according to similar sequences illustrated
in Scheme 1.SCHEME 2 [0062J In addition, other
compounds of formula I may be prepared using
procedures generally known to those skilled in the
art. In particular, the following examples provide
additional methods for the preparation of the
compounds of this invention. EXAMPLES [0063] The
invention will now be further described by the
following working example(s), which are preferred
embodiments of the invention. All temperatures are in
degrees Celsius (0C) unless otherwise indicated. "HPLC
Ret Time" is the HPLC retention time that was obtained
under the following conditions: column type and
length, gradient time [unless otherwise indicated, all
gradients started with 100% solvent A (10% MeOH, 90%
H2O50.1% TFA) and ended with 100% solvent B (90%MeOH
10% H2O, 0.1% TFAJ], flow rate (mL/min). UV detection
was either conducted at 220 nM or at 254. These
examples are illustrative rather than limiting and it
is to be understood that there may be other
embodiments that fall within the spirit and scope of
the invention as defined by the claims appended
hereto. EXAMPLE l l - - -amino- -isopropylpyrrolo l -
l Jtri azin-S-y carbonylJphenyl - -
(2,4-dichlorophenyl)urea IA. Preparation of diethyl
ethyl 5-methyl-2,4-dioxohexanoate o o OEt (IA) [0064]
Small pieces of sodium (3.39 g, 148 mmol) were
dissolved in EtOH ( 100 ml) under N2 at room
temperature and stirred until all the sodium metal
dissolved. After the solution cooled down to room
temperature, a solution of diethyloxalate (20 ml, 147
mmol) in 3-methyl-2-butanone (18.9 ml, 177 mmol) was
added dropwise at room temperature over 30 min. The
reaction mixture was then diluted with EtOH (100 ml)
and heated at 75 0C for 1.5 h. After cooling to room
temperature, the reaction mixture was poured into
ice-cold 2 N HCl (200 ml) and extracted with ether
(200 ml), followed by EtOAc (100 ml). The combined
organic extracts were dried over MgSO4 and
concentrated under reduced pressure. The residue was
distilled under reduced pressure to give IA (22.7 g,
83% ) as a light yellow oil. 1H-NMR (CDCl3) d : 6.41
(2H, s); 4.36 (2 H, q, J 7.14 Hz); 2.67 ( 1 H, m);
1.37 (3 H, t, J 7.14 Hz); 1.19 (6 H, d, JM7.01 Hz).
IB. Preparation of diethyl
5-isopropyl-lH-pyrrole-2,3-dicarboxylateW (IB) [0065]
A mixture of ethyl isocyanoacetate (18.5 g, 163.7
mmol), IA (22.1 g, 119 mmol) and Rh (CO)12 (594 mg,
0.795 mmol) in toluene ( 50 ml) was degassed and then
heated at 800C under N for 2.5 h. After cooled to room
temperature, the reaction mixture was concentrated.
The brown oily residure was purified by silica gel
column chromatography (hexane/EtOAc = 2-20%) to give
IB (15.8 g, 52%) as a light yellow oil. Compound IB
had an analytical HPLC retention time = 2.875 min.
(Chromolith SpeedROD column 4.6 x 50 mm, 10-90%
aqueous methanol over 4 0 minutes containing 0.1% TFA,
4 ml/min, monitoring at 220 nm) and a LC/MS M++1 =
254+. 1C. Preparation of diethyl
l-amino-5-isopropyl-lH-pyrrole-2,3-dicarboxyIate (1C)
[0066] To a mixture OfNH4Cl (6.0 g, 109.9 mmol) in
Et2O (220 ml) at -100C was added NH4OH (28-30%, 9.4
ml), followed by dropwise addition of Clorox (144 ml)
at -100C. The mixture was stirred at 00C for Ih. Ether
layer was separated and dried 0 over CaCl2. The
filtered chloramine ether solution was directly used
in the following 



reaction. [0067] To a solution of IB (2.53 g, 10 mmol)
in dry DMF (40 ml) was added NaH (60%, 550 mg, 13.75
mmol) in one portion. After H evolution subsided,
NH2CI in 5 ether (85 ml) was added dropwise via
additional funnel. The reaction mixture was stirred at
room temperature for Ih. Water was added, the mixture
was extracted with ether (x3) the combined ether
layers were washed with brine, dried over MgSO ,
concentrated in vacuo to give 1C (2.50 g, 93%) as an
oil. Compound 1C had anW analytical HPLC retention
time = 2.893 min. (Chromolith SpeedROD column 4.6 x 50
mm, 10-90% aqueous methanol over 4 minutes containing
0.1% TFA 4 ml/min, monitoring at 220 run) and a LC/MS
M+-M = 269+. ID. Preparation of ethyl
4-hydroxy-7-isopropylpyrrolo[l,2-fJ[l,2,4]triazine-5-
carboxylate (ID) [0068] A mixture of 1C (13 g, 48.5
mmol) and formamidine acetate (30 g 0.288 mol) in
ethanol (150 ml) was heated at 85C overnight. Water
was added to the warm reaction mixture and stirred for
30 min. The solid was collected by filtration, washed
with water, dried to give ID (10.5 g, 87%). Compound
ID had an analytical HPLC retention time = 2.756 min.
(Chromolith SpeedROD column 4.6 x 50 mm, ,10-90%
aqueous methanol over 4 minutes containing 0.1% TFA, 4
ml/min, monitoring at 220 nm) and a LC/MS M++! = 25O+.
IE. Preparation of 4-hydroxy-7-isopropylpyrrolo
[1,2-fj [ 1,2,4]triazine-5-carboxylic acid (IE) [0069]
To a solution of ID (9.49 g, 38.1 mmol) in a mixture
OfTHF-MeOH-H2O (50ml:50 ml:25ml) was added LiOHH 2O
(4.8 g, 114.3 mmol). The reaction mixture was heated
to reflux for Ih. After cooling to room temperature,
the reaction mixture was concentrated to the volume of
about 30 ml and acidified with 2N HCl. The solidwas
collected by filtration, dried under vacuum to give IE
(8.12 g, 96%). Compound IE had an analytical HPLC
retention time 2.13 min. (Chromolith SpeedROD column
4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.1% TFA, 4 ml/min monitoring at 220 nm)
and a LC/MS M++1 = 222+. IF. Preparation of
4-chloro-7-  sopropyl-N-methoxy-N-methylpyrrolo[l,2-
f] [1,2,4]triazine-5 -carboxamide (IF) [0070] To a
mixture of IE (8. 12 g, 36.74 mmol) in thionyl
chloride (60 ml) was added 5 drops of DMF. The
reaction mixture was heated at 800C for 5h. After
cooled to room temperature, the reaction mixture was
concentrated and azeotropically evaporated twice with
dry CH2CI2 to give a solid. The solid was dissolved in
CH2CI2 ( 100 ml), N-methyl-N-methoxyatnine
hydrochloride (3.58 g, 36.74 mmol) and Et3N ( 15.4 ml,
110.2 mmol) were added subsequently at 0C. The
reaction mixture was stirred at 0C for Ih and diluted
with CH Cl , washed with cold 10% citric acid, aq.
NaHCO and brine, dried over anhydrous MgSO . After
filtration and concentration in vacuo, the residue was
purified by silica gel column chromatography (ISCO
hexane/EtOAc 5-1 00%) to give IF (7.5 g, 72%) as an
oil. Compound IF had an analytical HPLC retention time
= 2.375 min. (Chromolith SpeedROD column 4.6 x 50 mm,
10-90% aqueous methanol over 4 minutes containing 0.1%
TFA54 ml/min, monitoring at 220 nm) and a LC/MS M++1 =
283+. IG. Preparation of
4-amino-7-isopropyl-N-methoxy-N-methylpyrrolo[l,2- f
j[1?2,4]triazine-5-carboxamide(IG) [0071] A solution
of IF (5.2 g, 18.4 mmol), NH4OH (60 ml) in dioxane (60
ml) was heated at 550C in a sealed reaction vessel for
30 min. After cooled to room temperature the reaction
mixture was concentrated under reduced pressure to a
smaller volume and the light yellow solid was
collected by filtration, washed with water and dried
under high vacuum to give IG (4.46g, 92%). Compound IG
had an analytical HPLC retention time = 2.1 85 min.
(Chromolith SpeedROD column 4.6 x 50 mm, 10- 



90% aqueous methanol over 4 minutes containing 0.1%
TFA, 4 ml/min, monitoring at 220 nm) and a LC/MS M++l
= 264+. IH. Preparation of (4-amino-7-isopropylpyrrolo
[1,2-fJ [1,2,4]triazin-5-yl)(3- aminophenyl)methanone
(IH) [0072] To a solution of IG ( 1.05g, 4 mrnol) in
THF (30 ml) was added 3-
[bis(trimethyl-silyl)amino]phenylmagnesium chloride
(1.0 M in THF, 49 ml, 49 mmol) dropwise at 00C. The
reaction mixture was stirred at ambient temperature
for 2h, then quenched with saturated aq. NH4Cl. Water
was added to dissolve solid and the organic layer was
separated, the aqueous layer was extracted with EtOAC
(x2). The combined organic layers were washed with
brine, dried over anhydrous MgSO and concentrated in
vacuo. The solid residue was triturated with hexane
and the white solid was collected by filtration,
rinsed with hexane and dried under vacuum to giveIH
(1.16 g, 98%). Compound IH had an analytical HPLC
retention time = 1.963 min. (Chromolith SpeedROD
column 4.6 x 50 mm, 10-90% aqueous methanol over 4
minutes containing 0.1% TFA, 4 ml/min, monitoring at
220 run) and a LC/MS M++1 = 296+. II. Preparation of
l-{3-[(4-amino-7-isopropylpyrrolo[2,l-f][l
52.4]triazin-5-
-yl)carbonyl]phenyl}-3-(2,4-dichlorophenyl)urea (II)
[0073] Compound 1H ( 1.12 g, 3.80 mmol) was dissolved
in MeOH (30 ml) containing TFA (10 drops) and stirred
briefly for 5 min, concentrated and dried under high
vacuum. The residue was dissolved in dry acetonitrile
(40 ml), 2,6- dichlorophenyl isocyanate (714 mg, 3.80
mmol) was added in one portion. The reaction mixture
was stirred at RT for 30 min and concentrated to
dryness. The solid was triturated with small amount of
CHaCl -MeOH and collected by filtration, rinsed with
more MeOH, followed by hexane and dried under high
vacuum to give I I ( 1.3 Ig, 72%) as a solid. Compound
I I had an analytical HPLC retention time = 3.956 min.
(Chromolith SpeedROD column 4.6 x 50 mm, 10-90%
aqueous methanol over 4 minutes containing 0.1% TFA 4
ml/min, monitoring at 220 nm) and a LC/MS M++! 483+.
EXAMPLES 2 TO 63 [0074] Examples 2 to 63 were prepared
from Compound IH and corresponding aryl isocyanates
utilizing procedure analogous to the one for Compound
I I described above. The final products were purified
by trituration, or recrystallization, or preparative
HPLC (C18 reverse-phase, YMC ODS S5, 5mm, 20x100 mm,
using H2OMeOH- 0. 1%TFA as eluents).MICRO-HYDROCARBON
ANALYSIS BACKGROUND OF THE INVENTION [0001] The
present invention is a method for analyzing a small
hydrocarbon sample to determine the composition of the
sample. In particular, the sample is analyzed by a gas
chromatograph and field ionization time of flight mass
spectrometer. [0002] Petroleum samples are complicated
hydrocarbon mixtures containing paraffins, cyclic
paraffins, multiring aromatics, and various
heteroatomic hydrocarbons (most commonly O S, and N).
Virgin petroleum crude oils contain molecules of a
wide boiling point range from highly volatile C
hydrocarbons to nonvolatile asphaltenes. Analysis of
petroleum composition of various boiling ranges is
necessary for inputs to many subsequent processes.
SUMMARY OF THE INVENTION [0003] The present invention
is a method to determine the composition of a
hydrocarbon sample. The method includes the steps of
analyzing the sample with a combination of
chromatograph and mass spectrometer, and reconciling
the output with other analytical measurements to
generate a self-consistent model of composition of the
said hydrocarbon sample. [0004] In a preferred
embodiment, the combination of the chromatograph and 



mass spectrometer is a gas chromatograph field
ionization time-of-flight mass spectrometer
(GC-FI-TOF-MS). The data from the mass spectrometer is
then reconciled with other analytical measurements,
such as those from super critical fluid chromatography
(SFC), sulfur simulated distillation (SIMDIS),
simulated distillation (S-SIMDIS), N and S elemental
analysis, 1H-NMR and GC-Flame Ionization Detection
(FID) for normal paraffins. The reconciled data gives
a detailed identification and quantification of
petroleum compositions (referred tomicro-hydrocarbon
analysis, MHA) which are used as input for modeling of
petroleum refinery processes. BRIEF DESCRIPTION OF THE
DRAWINGS [0005] Figure 1 shows the overall protocol of
Micro-Hydrocarbon Analysis. [0006] Figure 2 shows an
analysis of an n-paraffin mixture by a GC-FI-TOFMS to
give molecules over a wide boiling range. [0007]
Figure 3 shows that GC-FI-TOF-MS resolves isomer and
isobaric molecules. [0008] Figure 4 shows that
GC-FI-TOF-MS resolves about 1500 molecules in total
liquid product. [0009] Figure 5 shows the relative
response factors of alkyl benzenes as a function of
carbon numbers. [0010] Figure 6 shows 145 homologous
series cores found in petroleum. [0011] Figure 7 shows
sample homologous series of benzene, naphthalene,
fluorine, and dibenzothiophene. [0012] Figure 8 shows
sample saturates arranged by x-class. Reading from
right to left the molecules are O ring saturates, 1
ring saturates, 2 ring saturates etc. [0013] Figure 9
shows 1 ring aromatic cores arranged by x-class,
preferred structures in bold. [0014] Figure 10 shows 2
ring aromatic cores that have x-classes that take even
integers -10, -8, -6, -4, -2, 0, 2. [0015] Figure 11
shows 3 ring aromatic cores that have x-classes that
take the even integers -10, -8, -6, -4,-2, 0, 2.[0016]
Figure 12 shows 4 ring aromatic cores that have
x-classes that take the even integers -10, -8, -6, -4,
-2, 0, 2, and the odd integers - 11, -9, -7, -5, -3,
-1, 1. [0017] Figure 13 shows the sulfide cores that
have x-classes that take the even integers -10, -8,
-6, -4, -2, 0, 2. [0018] Figure 14 shows the polar
cores divided into even x-classes acids (-10, -8, -6,
-4, -2, 0, 2) and odd x-class basic nitrogen. [0019]
Figure 15 shows olefin and thiophene cores that have
x-classes that take even integers -10, -8, -6, -4, -2,
0, 2. [0020] Figure 16a shows the cumulative weight
percent distilled off as a function of boiling point.
[0021] Figure 16b shows the cumulative target
distribution versus calculated distribution as a
function of boiling point. [0022] Figure 16c shows f =
dwx as a function of boiling point. dwo [0023] Figure
17 shows a flow chart for the successive substitution
reconciliation algorithm of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0024] Molecule Management has become increasingly
important in petroleum research, refinery processing,
and raw materials evaluation. Molecular compositions
of crude oils and intermediate refinery streams are
key input parameters to Structure Oriented Lumping
(SOL) process models, Optimizable Refinery Models
(ORM's) and Real Time Optimization (RTO) Models. In
addition to guiding commercial selection of crude oils
and refinery processing conditions, these models have
become useful for both guidance and development of R&D
programs. Molecular composition has become the basis
for developing the current process models and
evaluating the economic value of crude oils. The
current art ofobtaining petroleum composition involves
various stages of distillation and 



fractionation followed by detailed analysis.
Unfortunately, small sample size and need for quick
results can be a significant barrier for applying the
current state of the art analysis. For example,
Advanced Catalyst Evaluation (ACE) pilot units used in
catalytic cracking research routinely generate less
than 1 gram of total liquid product (TLP). Even when
sufficient volume of sample is available for the
traditional characterization, it is a time-consuming
process that limits the rate at which samples can be
analyzed. [0025] Micro-Hydrocarbon Analysis (MHA)
consists of two components as illustrated in Figure 1.
(I) Measurements (resolution, identification and
quantification) of hydrocarbon composition by
combining chromatographic separation, soft ionization
(or non-fragmenting ionization), and high resolution
and accurate mass analysis. In a preferred embodiment,
chromatographic separation is performed by gas
chromatography (GC), soft ionization is by field
ionization (FI), high resolution and accurate mass
analysis is performed by time-of- flight mass
spectrometer. (II) Reconciliation of other analytical
measurements to generate model of composition. In
preferred embodiments, other analytical measurements
include supercritical fluid chromatography and/or
liquid chromatography for paraffin, naphthene and
aromatic ring type measurements, sulfur and nitrogen
elemental analysis, simulated distillation and sulfur
simulated distillation for yields, proton NMR for
olefin content and gas chromatography for normal
paraffin measurements. I. Measurement of Composition
by GC-FI-TOF Mass Spectrometer [0026] GC-FI-TOF mass
spectrometer is the core component of Micro-
Hydrocarbon Analysis. In this technique, GC is used to
separate hydrocarbon species by boiling point or
polarity depending on type of column used. The
technique applies to a wide boiling point range as
demonstrated in Figure 2. Field ionization provides
soft ionization of hydrocarbon molecules. Species
co-elute inGC were resolved by TOF mass spectrometer.
TOF-MS resolves isobaric molecules (molecules share
the same nominal mass but different in exact masses,
e.g. CZH12 and C2H8/S doublets with DM=93.9 mDa and
90.5 mDa, respectively) by high mass resolving power
(M/DM>5000). Combined with GC separation,
hard-toresolve pairs, such as C3/SH4 (DM=3.4 mDa),
N/13CH (DM=8.2 mDa) and O/CH4 (DM . -) , can be
completely or partially resolved as illustrated in
Figure 3. Resolution of isoparaffins versus normal
paraffins and olefin versus cycloparaffins were based
on chromatographic retention times. TOF MS also
accurately determines the masses of the hydrocarbon
components (with an error of less than 3 mDa).
Elemental compositions of the masses can thus be
determined. Table 1 demonstrates accurate mass
analysis of paraffins and cyclic paraffins.- 6 - Table
1: The average errors in mass measurements are less
than 3 mDa. [0027] Quantification of GC-FI-TOF data is
carried out in two ways. First response factors of
carbon numbers (or molecular weight) were determined
using a mixture of alkyl benzene standard (C7 to C25)
. Second the totalHydrocarbon classes, paraffins,
naphthenes, 1-ring aromatics, 2-ring aromatics and
3-ring+ aromatics were normalized to that determined
by high-resolution supercritical fluid chromatography
or other chromatographic techniques. [0028] Reduction
of GC-FI-TOF data is based on defined retention time
window and accurate mass window for various
hydrocarbon species. The measurement generates a
composition that will be further reconciliated with
other analytical measurements. [0029] Long term
repeatability of MHA was studied on both alkyl benzene
standard and on total liquid products from Catalytic
Cracking experiments. Field Ionization is the major
source of uncertainty in GC-FI-TOF measurement. FI
sensitivity varies with molecular weight and molecular
types. It also depends on the type of emitters used in
the experiments. For practical applications, a mixture
of alkyl benzenes (C7 to C25) are analyzed before and
after a series of sample runs. In addition to
calibrate carbon number response factors, the analysis
also corrects 



fluctuations in GC retention time and MS
measurement.Table 2: Mole response factors (RF) of C7
to C25 alkyl benzene over a two-month period. The
average Relative Standard Deviation (RSD) within an
experimental set are largely less than 6%. The RF
variation across the two-month period ranges from 5 to
15% RSD. The results demonstrate the necessity of
alkyl benzene calibration for each set of experiment.
c# 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 1 22 23 24
25 Date Time G030268 0 12 0 17 0 233 0 294 0 36 0 439
0 517 0 611 0 772 0 932 1 099 1 265 1 476 697 917 1
999 2 227 2 456 2 802 28-Feb-2003 20 52 03 G030273 0
158 0 212 0 283 0 329 0 407 0 465 0 52 0 669 0 801 0
932 1 135 1 338 1 474 671 868 1 999 2 102 2 205 2 715
01-Mar-2003 0 1 17 59 G030278 0 16 0 214 0 295 0 346 0
398 0 473 0 583 0 723 0 812 0 902 1 104 1 306 1 413
608 804 1 874 2 127 2 38 2 655 01-Mar-2003 05 4 1 44
G030283 0 154 0 194 0 264 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
457 2 68 01-Mar-2003 10 05 09 G030288 0 142 0 208 0
275 0 318 0 385 0 456 0 56 0 694 0 79 0 886 1 105 1
324 1 489 662 836 2 156 2 238 2 32 2 617 01-Mar-2003
14 28 16 G030292 0 142 0 193 0 244 0 309 0 375 0 433 0
518 0 641 0 74 0 839 1 065 1 29 1 486 637 788 2 244 2
366 2 489 2 715 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
1.307 1.46 .647 .835 2.052 2 218 2.385 2 697 RSD 10.2
8.3 8.9 5.6 4 3 3.4 5.1 5.9 3 3 3.8 2.1 2 0 2.4 2.2
2.7 6.4 4.3 4.5 2 4 G030335 0 162 0 211 0 289 0 373 0
474 0 55 0 669 0 739 0 851 0 962 1 15 1 338 1 568 683
797 1 79 1 983 2 175 2 382 24-Mar-2003 13 4 1 46
G030339 0 147 0 21 0 282 0 36 0 436 0 506 0 581 0 691
0 842 0 992 1 12 1 247 1 477 628 779 1 909 2 093 2 276
2 65 24-Mar-2003 10 04 37 AVG 0.154 0.21 0.285 0 366
0.455 0.528 0 625 0 715 0.846 0.977 1.135 1 293 1.523
.655 .788 1 85 2 038 2 226 2.516 %RSD 6.8 0 4 1.6 2 7
5.8 5 9 10.0 4.7 0.7 2.2 1.9 5.0 4.2 2.3 0.7 4.5 3.8
3.2 7 5 G030341 0 158 0 212 0 239 0 35 0 436 0 476 0
518 0 565 0 763 0 962 1 198 1 435 1 692 853 014 2 038
2 167 2 297 2 206 27-Mar-2003 11 53 45 G030344 0 152 0
209 0 292 0 338 0 407 0 458 0 56 0 7 0 825 0 95 1 148
1 347 1 485 662 838 1 893 2 119 2 345 2 561
27-Mar-2003 14 52 55 G030345 0 149 0 203 0 252 0 363 0
425 0 507 0 587 0 736 0 844 0 953 1 152 1 352 1 535
644 753 2 144 2 269 2 395 2 299 27-Mar-2003 15 47 48
AVG 0.153 0.208 0.261 0.35 0 423 0.48 0.555 0.667 0
811 0.955 1.166 1.378 1.571 .719 .868 2.025 2.185
2.346 2.355 %RSD 2 8 2 2 10 6 3 6 3.4 5.2 6.2 13.5 5.2
0.6 2 4 3.6 6.9 6.7 7.1 6.2 3.5 2.1 7.8 G030410 0 129
0 187 0 267 0 327 0 415 0 499 0 595 0 668 0 831 0 995
1 114 1 234 1 468 671 874 2 044 2 204 2 365 2 539
04-Apr-2003 17 07 09 G030415 0 151 0 208 0 277 0 349 0
428 0 507 0 589 0 698 0 834 0 971 1 12 1 269 1 386 649
911 2 011 2 179 2 346 2 49 04-Apr-2003 2 1 38 16
G030421 0 134 0 195 0 265 0 329 0 404 0 507 0 599 0
702 0 849 0 997 1 145 1 294 1 511 688 865 2 073 2 153
2 233 2 509 05-Apr-2003 03 0 1 40 AVG 0 138 0.197 0.27
0.335 0 416 0.504 0 594 0.689 0.838 0.987 1.127 1.266
1.455 .669 883 2.043 2.179 2.315 2.512 %RSD 8.3 5 5
2.5 3.6 2 9 0 8 0.8 2.7 1.2 1.4 1.5 2.4 4.4 1.2 1.3
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 0
111 0 158 0 207 0 282 0 361 0 421 0 557 0 647 0 787 0
928 1 157 1 385 1 602 735 869 2 207 2 386 2 566 2 391
10-Apr-2003 16 08 29 G030425 0 119 0 176 0 239 0 307 0
382 0 454 0 585 0 682 0 819 0 955 1 129 1 302 1 464
649 833 2 147 2 311 2 474 2 543 10-Apr-2003 17 55 50
AVG 0.138 0.197 0.27 0.335 0 416 0.504 0.594 0.689
0.838 0.987 1.127 1.266 1.455 .669 883 2.043 2.179
2.315 2 512 %RSD 6 2 6.8 13.1 6.0 3.7 3.9 2.7 11.3 8.7
6.9 9.7 12.3 7.9 3.6 1.0 8.9 8.0 7.3 3 3 G030427 0 1 0
142 0 208 0 269 0 361 0 421 0 508 0 648 0 821 0 993 1
192 1 392 1 571 913 . 255 2 01 2 106 2 201 2 506
11-Apr-2003 13 0 1 04 G030430 0 101 0 149 0 206 0 263
0 334 0 402 0 49 0 615 0 778 0 942 1 081 1 22 1 399 1
7 2 1 96 2 197 2 435 3 061 11-Apr-2003 15 42 46 AVG
0.101 0.145 0 207 0.266 0.347 0.411 0 499 0 631 0.799
0.967 1.137 1 306 1.485 .806 .2.127 1.985 2.151 2 318
2.784 %RSD 1.2 3.4 0.6 1.7 5.5 3.2 2.4 3.7 3.8 3 8 7.0
9.3 8.2 8.3 8.5 1.8 3.0 7.1 14.1 G030507 0 117 0 164 0
229 0 287 0 381 0 439 0 555 0 644 0 775 0 905 1 116 1
326 1 516 679 841 2 121 2 304 2 486 2 639 01-May-2003
15 56 15 G030512 0 119 0 159 0 219 0 299 0 368 0 433 0
533 0 617 0 73 0 844 1 053 1 263 1 487 697 907 2 174 2
326 2 479 2 78 01-May-2003 20 3 1 12 AVG 0.118 0.161 0
224 0.293 0.375 0.436 0.544 0.631 0.753 0.875 1.085
1.295 1.502 688 .874 2.147 2 315 2 482 2.709 %RSD 0.9
2.1 3.1 2.8 2.6 1.0 2.9 3.1 4.2 5.0 4.1 3.5 1.4 0.8
2.5 1.7 0.7 0.2 3 7Table 3: Long term reproducibility
on analyses of a liquid hydrocarbon product.
Variations in naphtha and middle distillate yields are
approximately 1.2 and 0.7%, respectively. Variations
in Octane and Cetane Number are approximately 0.7 and
1 unit, respectively. Date O1-Oct-2002 27-Feb-2003 O
Mar-2003 12-Mar-2003 24-Mar-2003 27-Mar-2003 April 7,
2003 April 16, 2003 Filename G021004 G030260 G030304
G030319 G030336 G030342 G030420 G030429 Average STO
Gravity 40.7 40.5 40.1 40.1 40.4 39.9 39.6 39.3 40.1
0.5 Sulfur 042 0.49 044 0.43 0.52 0.53 0.47 047 0.5
0.0 aliphatic S 0.04 0.14 0.05 0.05 0.05 0.05 0.05
0.07 0.1 0.0 saturates 242 244 25.2 243 243 243 254
25.2 246 0.5 paraff ns(ncnfiso) 3.0 20 Z3 Z6 2.5 Z8
2.9 Z 8 2.6 0.3 16.7 17.6 174 17.1 17.2 16.9 16.8 16.8
17.1 0.3 1-ring naph 4.2 4 5 4 6 4 3 4 3 4 4 4 5 4 5
44 0.1 2-ring naph 0.1 0.1 0.7 0.1 0.1 0.1 0.8 0.7 0.3
0.3 



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
0.0 1-RI g Arom 50.8 50.4 49.8 50.6 50.7 50.6 49.6
49.7 50.3 0.5 2-RIng Arom 12.0 125 12.1 122 12.2 12.3
1Z0 1Z2 1Z2 0.2 3-Ring Arom 9.8 7.9 9.6 8.9 9.3 9.4
8.9 9.4 9.1 0.6 4-Ring Arom 3.2 4 6 3.2 3.8 3.5 3.3 4
1 3.5 3.6 0.5 H 11.6 11.6 11.7 11.6 11.6 11.6 11.7
11.6 11.6 0.0 Brno. 48.2 45.7 447 46.1 46.6 46.0 444
43.9 45.7 14 RON(65430F) 91.3 91.4 91.0 91.3 91.5 91.7
91.1 91.2 91.3 0.2 MON(65430F) 81.5 829 80.8 81.1 81.3
81.3 80.9 80.8 81.3 0.7 e 25.8 25.6 249 25.7 25.8 25.7
247 248 25.4 0.5 %CA 44.9 447 441 445 446 444 43.8 441
444 04 Pour pt(C) 12.9 13.1 11.5 12.8 11.2 114 164
13.8 1Z9 1.7 Cloud pt<oC) 55.9 60.2 57.8 59.1 58.1
56.4 59.9 57.0 58.0 1.6 Freeze pt(0C) 55.9 60.2 57.8
59.1 58.1 56.4 59.9 57.0 58.0 1.6 CI (430-650F) 24.5
25.4 25.0 26.0 254 26.0 25.9 25.8 25.5 0.5
CN(43O-650F) 16.0 17.3 16.9 184 17.5 18.5 18.3 18.1
17.6 0.9 Naphtha (VW/.) 57.3 60.9 59.1 58.4 59.0 58.2
58.0 59.0 58.8 1.1 NiddleDistflW/Q 24.3 234 247 25.2
244 25.2 242 245 245 0.6 II. Reconciliation of
GC-FI-TOF Mass Spectrometer Data [0030] The final step
of Micro-Hydrocarbon Analysis is to reconcile
analytical measurements to the model-of-composition.
In particular, the model-ofcomposition must reproduce
all measurements in the analytical protocol as closely
as possible, and at the same time satisfy a set of
property balances, e.g. mass and elemental
composition. A number of targets were used for the
data tuning (or data reconciliation). The total olefin
content is tuned to that measured by proton NMR.
Hydrocarbon and S yields were tuned to that measured
experimentally by gas chromatography simulated
distillation (SIMDIS and S-SIMDIS), calculated N and S
contents were tuned to that measured by elemental
analysis, etc. [0031] One embodiment of this
reconciliation procedure is to treat it as a
constrained optimization problem: we optimize the
model-of-composition's fidelity to the test results of
the analytical protocol subject to the property
balance constraints. Another embodiment of the
reconciliation procedure is successivesubstitution, an
iterative procedure in which the model-of-composition
is adjusted to match the results of the analytical
protocol in a prescribed sequence until changes in the
model-of-composition between iterations fall below a
prescribed tolerance. The detailed description of
model of composition and data reconciliation can be
found in the attached appendix. III. Generation of Cut
Composition from MHA One significant advantage of MHA
is that it enables the generation of boiling point cut
composition without physically distilling the sample.
Tables 4 and 5 show the compositions of naphtha and
middle distillate predicted by MHA virtual cut (cut
based on calculated boiling point of the molecules)
and that based on measurements of physically distilled
cuts. The results agree well. Table 4 : Detailed
Comparisons of the molecular compositions and
calculated properties of the distilled naphtha cut
(65-4300F)Table 5: Detailed comparison of the
molecular compositions and properties of
mid-distillate (430-650 0F distilled cut)APPENDIX The
Model-of-Composition 1. Introduction [0032] Petroleum
streams are complex mixtures of hydrocarbons
containing many thousands of distinct molecular
species. These streams include any hydrocarbon stream
from processes that change petroleum's molecular
composition. The streams are so complex, and have so
many distinct molecular species that any molecular
description of the composition is essentially a model
- a model-of-composition. 



2. Organizing the Model-of-Composition [0033] The
model-of-composition is organized initially into four
major groups: saturates, aromatics, sulfides and polar
molecules. Olefins are rare in crude petroleum, but
are generated in refining processes that involve
thermal or catalytic cracking and comprise a fifth
major group. Within each major group, we organize
molecules by homologous series. A homologous series is
a molecular group that shares the same chemical
structure (core), but has alkyl side chains of
differing carbon number, arrangement and branching
patterns. Figure 6 shows 145 homologous series cores
found in petroleum. Figure 7 shows sample homologous
series of benzene, naphthalene, fluorene, and
dibenzothiophene. [0034] It is convenient to organize
hydrocarbon homologous series by hydrogen deficiency.
Hydrogen deficiency can be organized into 14 classes
(the primary x-classes) according to the formula:
x-class = (-14)+mod(MW,14) . 1. [0035] The x-class is
the remainder of the "nominal" molecular weight
divided by 14. By convention the values -12, -13, -14
are replaced with 2 1 0 so x-class runs from - 11 to
2. Although several homologous series present in
petroleumshare the same x-class, all molecules within
each homologous series share the same x-class because
the molecular weight of a -CH2- group is 14. Saturate
Molecules [0036] Saturate molecules contain only
aliphatic carbons and hydrogen and their x-classes
take the even integers -12, -10, -8, -6, -4, -2, 0 2.
Figure 8 show sample saturates arranged by x-class.
Reading from right to left the molecules are 0 ring
saturates, 1 ring saturates, 2 ring saturates etc.
Notice that there are many similar (but related)
molecules present in each x-class. These molecules are
structural isomers sharing the identical mass and
often very difficult to identify analytically in the
complex mixture. A representative structure in each
x-class (sometimes more than one) then becomes the
model-of-composition. The preferred structures are
shown in bold. Aromatic Molecules [0037] Aromatic
molecules have carbon atoms in aromatic rings.
Aromatic molecules found in petroleum often contain
sulfur and non-basic nitrogen (-NH-) groups. We have
organized aromatic molecules by ring class, i.e. 1, 2,
3 and 4+. 1 Ring Aromatic Molecules [0038] Figure 9
shows 1 ring aromatic cores arranged by x-class.
Preferred structures are in bold. Some of these cores
actually contain two aromatic rings separated by
naphthenic rings or alkyl chains (x-class -4, -2, 0 in
Figure 9) but are predominantly 1 ring in character.
The alternate structures in x-class -4, -2, 0 have 4,
5 and 6 naphthenic rings, and are rare in petroleum.
In the model-ofcomposition, thiophene is equivalent to
an aromatic ring. Thiophenes (x-class -4, - 2, 0) are
rare in crude petroleum, but are made in refining
processes that involve thermal or catalytic cracking.2
Ring Aromatic Molecules [0039] Two ring aromatic cores
shown in Figure 10 have x-classes that take the even
integers -10, -8, -6, -A, -2, 0, 2. Three of the
preferred structures shown in bold are benzothiophenes
(x-classes -10, -8, -6). In the model-of-composition,
a thiophene group is equivalent to an aromatic ring.
Molecules containing the benzothiophene core ( x-class
-6 in Figure 10) are much more common in petroleum
than those containing less preferred structure,
phenylnaphthalene. Biphenyl cores (x-class -2) are
more abundant in petroleum than are
tetrahydrophenanthrene cores. However, in
hydroprocessed petroleum streams
tetrahydrophenanthrenes are more abundant than are
biphenyls. 3 Ring Aromatic Molecules [0040] 3 ring
aromatic cores shown in Figure 11 have x-classes that
take the even integers -10, -8, -6, -4, -2, 0, 2.
Dibenzothiophenes (x-classes -2, 0, 2), abundant in
petroleum, have three-ring aromatic character.
Phenanthrene and 



anthracene (x-class -4) are both three-ring aromatics.
Phenathrene is common in petroleum; anthracene is
common in coal. 4 Ring Aromatic Molecules [0041] 4
ring aromatic cores shown in Figure 12 have x-classes
that take the even integers -10, -8, -6, -4, -2, 0, 2,
and the odd integers - 115 -9, -7, -5, -3, -1, 1. Each
of the odd x-class cores contains a non-basic nitrogen
group (-NH-). In the model-of-composition, all
aromatic molecules that have non-basic nitrogen take
four ring aromatic characters. Several structures have
one or two thiophenic sulfur groups. The homologous
series containing benzopyrene cores (x-class 0)
includes benzo(a)pyrene, a potent carcinogen. Sulfide
Molecules [0042] Sulfide molecules contain aliphatic
sulfur, but they have neither oxygen nor nitrogen. The
cores shown in Figure 13 have x-classes that take the
evenintegers -10, -8, -6, -4, -2, 0, 2. Preferred
structures are in bold. Alkyl sulfides (xclass -8),
and benzyl sulfides (x-class -2) are not preferred
because they are rare in petroleum. Sulfide cores in
the model-of-composition have either one or aliphatic
sulfur groups. Some of these cores contain only
aliphatic carbon; others contain both aliphatic and
aromatic carbon. Polar molecules [0043] Polar cores
shown in Figure 14 are organized into even X-class
acids (- 10, -8, -6, -4, -2, 0, 2), and odd X-class
basic nitrogen molecules (-1 1, -9, -7, -5, -3, -1,
1). Some of the acid cores included in the
model-of-composition contain aliphatic sulfur. Other
polar oxygenates, e.g. alcohols and sulfoxides (not
shown) are less abundant in petroleum than are acids,
and do not appear in the model-ofcomposition. All odd
x-class cores contain one basic nitrogen group.
Olefins and Thiophenes [0044] Olefin and thiophene
cores shown in Figure 15 have x-classes that take the
even integers -10, -8, -6, -4, -2, 0, 2. Olefin and
thiophene cores appear in Figure 15; preferred
structures are in bold. We have added a double bond to
each of the preferred saturate cores (see bold
structures of Figure 8) to create the olefin cores in
the top row of Figure 15. The formation of each double
bond present in an olefin requires the removal of two
hydrogen atoms. Thus, the X-class of each of these
mono-olefin cores is two less than that of the
corresponding saturates core. Similarly, we have
removed two hydrogen atoms from each of selected 1
ring aromatic cores (see Figure 9), and from 2 ring
aromatic cores (see Figure 10), to create the olefin
cores appearing in the second and third row of Figure
10, respectively. Thiophenes (see fourth row of Figure
15) are created by removing four hydrogen atoms from
tetrahydrothiophene cores (see top row of Figure 13).
Olefin cores containing more than one double bond,
e.g. diolefins, are not preferred in the
model-of-composition (see bottom row of Figure 15).
Such molecules tend to be highly reactive and are
therefore rare in petroleum.3. Reconciling Analytical
Measurements to the Model-of-Composition [0045] The
final step of Micro-Hydrocarbon Analysis is to
reconcile analytical measurements to the
model-of-composition. In particular, the
model-ofcomposition must reproduce all measurements in
the analytical protocol as closely as possible, and at
the same time satisfy a set of property balances, e.g.
mass and elemental composition. [0046] One embodiment
of this reconciliation procedure is to treat it as a
constrained optimization problem: we optimize the
model-of-composition's fidelity to the test results of
the analytical protocol subject to the property
balance constraints. Another embodiment of the
reconciliation procedure is successive substitution,
an iterative procedure in which the
model-of-composition is adjusted to match the results
of the analytical protocol in a prescribed sequence
until changes in the model-of-composition between
iterations fall below a prescribed tolerance. a)
Reconciliation by Constrained Optimization . 



[0047] In the constrained optimization embodiment, we
start with a model-ofcomposition whose reference
molecular lump weight percents {w, *} exactly the
results of the Micro-Hydrocarbon Analysis protocol.
Next, we seek a new set of weight percents {w,} that
are minimally different from those of the reference,
yet satisfy the property balances described above. To
find these weight percents, we minimize the Lagrangian
L (see e.g Ref. [I]), defined by: The first term in
Equation (1) is the Shannon information entropy
content of the model-of-composition's weight percents
{w,} relative to that of the reference weight percents
{w, *} (see e.g. Ref. [2]). The measured value of the
property in the they-th balance is b The density of
property j in molecular lump is ay7. These
propertydensities are either computed directly from
each lump's molecular structure, or are correlated to
measurements conducted on samples of known
composition. X is the Lagrangian multiplier of the
y-th property balance constraint. NP is the total
number of property balances considered in
reconciliation. N is the number of molecular lumps in
the model of composition. The Lagrangian L is
minimized when the following stationary conditions are
satisfied: =O, = 0 j l,...,NP (2) OW Ol j N From dL I
X1 we recover the property balance equations b = We
evaluate the functional derivative dLI 5 using
calculus of variations (see e.g. [3]). For the
Lagrangian in Equation (3), the stationary solution is
w, =w, for z= l,...,_V (3) [0048] Next, we substitute
the stationary solution (4) into the property balance
equations and eliminate the unknown weight percents
{w, }: NP  , *exp(-l + )= r j /=1 S =l,...,NP (4) We
solve the nonlinear algebraic equations (4) on a
digital computer for the Lagrangian multipliers {Xk}
using Newton's method. Once we have solved the
equation system (4) for these Lagrangian multipliers,
we substitute them into the stationary solution (3)
and obtain the weight percents of the reconciled
model-ofcomposition [W1 . b) Reconciliation by
Successive Substitution [0049] As in the constrained
optimization reconciliation method described above,
this embodiment of the reconciliation procedure also
starts with model-ofcomposition whose reference
molecular lump weight percents {w, *} exactly
theresults of the Micro-Hydrocarbon Analysis protocol.
Adjustments to the weight percents {w, *} are done in
sequence, i.e. the reconciled weight percents {w, }
computed from the they-th property balance become the
reference weight percents {w, *} of they+7-th property
balance. Below we describe weight percent adjustment
formulae for a scalar and distributed property
targets, and the successive substitution
reconciliation algorithm. a) Scalar Property Targets
[0050] Scalar properties take a single number for the
entire sample. Simple ratio properties [0051] A simple
ratio property is linear in weight percents, its
property density am is nonzero for selected molecules,
and equals zero for others. Examples of simple ratio
properties include elemental composition. For simple
ratio properties, we combine the property balance with
a total mass balance to obtain: , = , for aM> 0 (5 ) S
*jk W k=\ k Once we have adjusted (ratioed) the weight
percents of molecules that possess the simple ratio
property/, we adjust the weights of the molecules that
do not possess this property: 



100-  w 1 = 1 ajk> r a = 0 (6) aJt =0 Averaged
properties [0052] Averaged properties are scalar
properties whose property densities ab  O for all
molecular lumps i =l,...,N . Examples of such averaged
properties include API gravity, hydrogen content,
octane number, and pour point. For averaged
properties, the ratio method summarized in Equations 5
and 6 will notwork. Instead, we have developed a
factor f that is a continuous function of the averaged
property j whose target value equals by This factor
adjusts upward the weights of molecules whose property
density ab is less than that of the target by., and it
adjusts downward the weights of molecules whose
property density ab is greater than the target value b
. The net result is to shift the distribution of
weights {w, } toward a distribution that satisfies the
property constraint equation N CI j 1W1 = bj [0053]
The continuous factor f takes a cubic polynomial in
the property value b : f(b) Axb +A 2b2 +A b+A4 (7) We
determine the four constants A1 through A4with the
following constraints: N Conservation of total weight:
100 = T w,f (8a) N Averaged property constraint: j - i
a J,w iF (8b) Smoothness at extreme values of the
property j : df_ O= at b =b db min,7 (8c) After we
impose the constraints (8a-d) upon the factor f
defined in Equation 7, the factors and adjusted
weights {w, } are computed as follows: f =l+gDb, (9) N
b J -  W , * a r = r (10)  ",,w, *D , ;=1',, W1 *(l +
D , ) for / = 1, . . . , N (12) [0054] We avoid the
occurrence of f<0 by restricting the property target
range {b mm j ,bm ) . If the actual target b s outside
this range, we approach this target in multiple steps.
[0055] In the case of multiple average property
targets, we may calculate separate weight factors f
for each target property j . However, we have achieved
much greater effectiveness by using a single factor
that includes the dependence of all averaged property
targets. The factor adds all cubic polynomials
together in Equation 7, with three additional
parameters for each target. Constraints in Equation 8
are also used for each property. Final factors and
weight adjustments are similar in form to Equations
9-12. b) Distributed Property Targets [0056] In
general, a distributed property target occurs when the
property to be matched varies with some independent
variable. The distribution of weight distilled with
boiling point temperature, i.e. the distillation
curve, is the most frequently encountered distributed
target. In the successive substitution method, we
design a 



factor f that effectively "redistills" the reference
weight distribution {w, *} during each iteration of
the reconciliation algorithm we describe below. [0057]
Let W(BP) represent the cumulative weight percent
distilled off at boiling point BP. The measured target
distribution is Wt , and WD is calculated fromthe
reference weight distribution {w, *} of the molecular
lumps. Both of these cumulative weight distributions
are monotonically increasing functions of the boiling
point BP (see Figure 16a). In practice, the cumulative
weight distribution W1. is measured at discrete
boiling points. Also, we calculate the distribution WD
at the boiling points of each molecular lump. However,
we may interpolate between these discrete boiling
points using smooth functions that preserve the
monotonically increasing nature of a cumulative weight
distribution. After this interpolation, we determine
the target distribution W1. as a function of the
calculated distribution WD at the same distillation
boiling points (see Figure 16b). Finally, we calculate
the factor f =dWt ldWD as a function of boiling point
(see Figure 16c). We use the factor f to adjust the
reference weights as follows: ' !.- , (13) where BP1
is the boiling point of molecular lump i . c) The
Successive Substitution Reconciliation Algorithm
[0058] In Figure 17, we show the typical embodiment of
the successive substitution reconciliation where a
reference model-of-composition is adjusted to match
one distributed target (boiling point), and more than
one scalar property targets. In general, adjusting
weight percents to match each target in sequence
disrupts the previous match so that the weight percent
adjustments are relaxed, or dampened, to ensure
convergence of the successive substitution
algorithm.References 1. Denn, M.M. "Optimization by
Variational Methods", Chapter 1, McGraw-Hill, NYC,
1969. 2. Cover, T.M. and J .A. Thomas, "Elements of
Information Theory", p. 18. J . Wiley & Sons, 1991. 3.
Davis, H. T., "Statistical Mechanics of Phases,
Interphases and Thin Films", Chapter 12, VCH
Publishers, 1996.CLAIMS: 1. A method to determine the
composition of a hydrocarbon feedstream from a small
sample of hydrocarbons comprising a) obtaining
measurements by analyzing the sample with a
combination of chromatograph and mass spectromer, b)
reconciling output from step a) with other analytical
measurements, c) reconciling the output from step b)
with a model-ofcomposition to determine the
composition of the hydrocarbon feedstream. 2. The
method of claim 1 wherein said chromatograph is a gas
chromatograph. 3. The method of claim 1 wherein mass
spectrometer is a high resolution mass spectrometer,
such as time-of-fiight spectrometer. 4. The method of
claim 3 wherein input to the mass spectrometer is
achieved by soft ionization. 5. The method of claim 4
wherein said soft ionization is field ionization. 6.
The method of claim 1 wherein said other analytical
measurements include supercritical fluid
chromatography. 7. 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-NMR, PIONA, GC-FID, sulfur and nitrogen
contents.9. The method of claim 1 wherein said other
analytical measurement is S-Sim Dist. 



10. The method of claim 1 wherein said other
analytical measurement is Sim Dist. 11. The method of
claim 1 wherein said other analytical measurement is
1H-NMR. 12. The method of claim 1 wherein said other
analytical measurement is PIONA. 13. The method of
claim 1 wherein said other analytical measurement is
GC-FID. 14. The method of claim 1wherein said other
analytical measurement is sulfur and nitrogen
contents. 15. The method of claim 1 wherein said
sample is less than 1 ml. 16. The method of claim 7
wherein said sample is less than .2 ml. 17. The method
of claim 1 wherein said model of composition is
organized initially into major groups. 18. The method
of claim 17 wherein said major groups are paraffins,
naphthenes, 1-4 Ring Aromatics, non-basic nitrogen
molecules, basic nitrogen molecules, sulfides and
acids. 19. The method of claim 17 wherein each major
group is organized by homologous series. 20. The
method of claim 1 wherein the reconciling of step c)
is carried out so that the model of composition
substantially reproduces the measurements of step a)
and step b) while satisfying a set of property
balances.21. The method of claim 20 wherein
reconciling is a constrained optimization problem. 22.
The method of claim 20 wherein the
model-of-composition is optimized to produce the
measurements of claim 1, step a), and step b) subject
to property balance constraints. 23. The method of
claim 2 1 wherein reconciling is a successive
substitution procedure. 24. The method of claim 2 1
wherein said successive substitution is an iterative
procedure in which the model-of-composition matches
the measurements of claim 1, step a), and step b), in
a prescribed sequence until changes in the
model-of-composition between iterations fall below a
predetermined value. 


