
PYRIDYL INHIBITORS OF HEDGEHOG SIGNALLING PRIORITY
CLAIM This application claims priority to provisional
United States application 61/044451 filed on 1 1 April
2008. FIELD OF THE INVENTION The present invention
relates to organic compounds useful for therapy and/or
prophylaxis in a mammal, in particular to pyridyl
compounds that inhibit the hedgehog signaling pathway
and are useful in the treatment of hyperproliferative
diseases and angiogenesis mediated diseases.
BACKGROUND OF THE INVENTION Hedgehog (Hh) protein was
first identified in Drosophila melanogaster as a
segment-polarity gene involved in embryo patterning
(Nusslein-Volhard et al., Roux. Arch. Dev. Biol. 193:
267-282 (1984)). Three orthologs of Drosophila
hedgehog (Sonic, Desert and Indian) were later
identified to occur in all vertebrates including fish,
birds and mammals. Desert hedgehog (DHh) is expressed
principally in the testes, both in mouse embryonic
development and in the adult rodent and human; Indian
hedgehog (IHh) is involved in bone development during
embryogenesis and in bone formation in the adult; and,
Sonic hedgehog (SHh) is expressed at high levels in
the notochord and floor plate of developing vertebrate
embryos. In vitro explant assays as well as ectopic
expression of SHh in transgenic animals have shown
that SHh plays a key role in neuronal tube patterning
(Echelard et al., supra.; Ericson et al., Cell 81:
747-56 (1995); Marti et al., Nature 375: 322-5 (1995);
Krauss et al., Cell 75, 1432-44 (1993); Riddle et al.,
Cell 75: 1401-16 (1993); Roelink et al, Cell 81:445-55
(1995); Hynes et al., Neuron 19: 15-26 (1997)). Hh
also plays a role in the development of limbs (Krauss
et al., Cell 75: 1431-44 (1993); Laufer et al., Cell
79, 993-1003 (1994)), somites (Fan and
Tessier-Lavigne, Cell 79, 1175-86 (1994); Johnson et
al., Cell 79: 1165-73 (1994)), lungs (Bellusci et al.,
Develop. 124: 53-63 (1997) and skin (Oro et al,
Science 276: 817-21 (1997)). Likewise, IHh and DHh are
involved in bone, gut and germinal cell development
(Apelqvist et al., Curr. Biol. 7 : 801-4 (1997);
Bellusci et al., Dev. Suppl. 124: 53-63 (1997);
Bitgood et al., Curr. Biol. 6 : 298-304 (1996);
Roberts et al., Development 121: 3163-74 (1995)).
Human SHh is synthesized as a 45 kDa precursor protein
that upon autocatalytic cleavage yields a 20 kDa
N-terminal fragment that is responsible for normal
hedgehog signaling activity; and a 25 kDa C-terminal
fragment that is responsible for autoprocessing
activity in which the N-terminal fragment is
conjugated to a cholesterol moiety (Lee, JJ., et al.
(1994) Science 266, 1528- 1536; Bumcrot, D.A., et al.
(1995), MoI. Cell Biol. 15, 2294-2303; Porter, J.A.,
et al. (1995) Nature 374, 363- 366). The N-terminal
fragment consists of amino acid residues 24-197 of the
full-length precursor sequence which remains
membrane-associated through the cholesterol at its
C-terminus (Porter, J.A., et al. (1996) Science 274,
255- 258; Porter, J.A., et al. (1995) Cell 86, 21-34).
Cholesterol conjugation is responsible for the tissue
localization of the hedgehog signal. At the cell
surface, the Hh signal is thought to be relayed by the
12 transmembrane domain protein Patched (Ptc) (Hooper
and Scott, Cell 59: 751-65 (1989); Nakano et al.,
Nature 341: 508- 13 (1989)) and the
G-protein-coupled-like receptor Smoothened (Smo)
(Alcedo et al., Cell 86: 221-232 (1996); van den
Heuvel and Ingham, Nature 382: 547-551 (1996)). Both
genetic and biochemical evidence support a receptor
model where Ptc and Smo are part of a multicomponent
receptor complex (Chen and Struhl, Cell 87: 553-63
(1996); Marigo et al., Nature 384: 176-9 (1996); Stone
et al., Nature 384: 129-34 (1996)). Upon binding of Hh
to Ptc, the normal inhibitory effect of Ptc on Smo is
relieved, allowing Smo to transduce the Hh signal
across the plasma membrane. However, the exact
mechanism by which Ptc controls Smo activity still has
yet to be clarified. The signaling cascade initiated
by Smo results in activation of GIi transcription
factors that translocate into the nucleus where they
control transcription of target genes. GIi has been
shown to influence transcription of Hh pathway
inhibitors such as Ptc and Hipl in a negative feedback
loop indicating that tight control the Hh pathway
activity is required for proper cellular
differentiation and organ formation. Uncontrolled
activation of Hh signaling pathway are associated with
malignancies in particular those of the brain, skin
and muscle as well as angiogenesis. An explanation for
this is that Hh pathway has been shown to regulate
cellproliferation in adults by activation of genes
involved in cell cycle progression such as cyclin D
which is involved in Gl-S transition. Also, SHh blocks
cell-cycle arrest mediated by p21, an 



inhibitor of cyclin dependent kinases. Hh signaling is
further implicated in cancer by inducing components in
the EGFR pathway (EGF, Her2) involved in proliferation
as well as components in the PDGF (PDGFa) and VEGF
pathways involved in angiogenesis. Loss of function
mutations in the Ptc gene have been identified in
patients with the basal cell nevus syndrome (BCNS), a
hereditary disease characterized by multiple basal
cell carcinomas (BCCs). Dysfunctional Ptc gene
mutations have also been associated with a large
percentage of sporadic basal cell carcinoma tumors
(Chidambaram et al., Cancer Research 56: 4599-601
(1996); Gailani et al., Nature Genet. 14: 78-81
(1996); Hahn et al., Cell 85: 841-51 (1996); Johnson
et al., Science 272: 1668-71 (1996); Unden et al.,
Cancer Res. 56: 4562-5; Wicking et al., Am. J . Hum.
Genet. 60: 21-6 (1997)). Loss of Ptc function is
thought to cause an uncontrolled Smo signaling in
basal cell carcinoma. Similarly, activating Smo
mutations have been identified in sporadic BCC tumors
(Xie et al., Nature 391: 90-2 (1998)), emphasizing the
role of Smo as the signaling subunit in the receptor
complex for SHh. Various inhibitors of hedgehog
signaling have been investigated such as Cyclopamine,
a natural alkaloid that has been shown to arrest cell
cycle at GO-Gl and to induce apoptosis in SCLC.
Cyclopamine is believed to inhibit Smo by binding to
its heptahelical bundle. Forskolin has been shown to
inhibit the Hh pathway downstream from Smo by
activating protein kinase A (PKA) which maintains GIi
transcription factors inactive. Despite advances with
these and other compounds, there remains a need for
potent inhibitors of the hedgehog signaling pathway.
SUMMARY OF THE INVENTION In one aspect of the present
invention there is provided novel hedgehog inhibitors
having the general formula (I)wherein A is a
carbocycle or heterocycle; X is alkylene, NR4C(O),
NR4C(S), N(C(O)Ri)C(O), NR4SO, NR4SO2, NR4C(O)NH,
NR4C(S)NH, C(O)NR4, C(S)NR4, NR4PO OrNR4PO(OH); Y is
absent, CHR4, O, S, SO, SO2 or NR4; Ri is selected
from the group consisting of alkyl, a carbocycle or a
heterocycle each of which is optionally substituted
with hydroxyl, halogen, amino, carbonyl, nitro, cyano,
acyl, alkyl, haloalkyl, alkylsulfonyl, alkylsulfmyl,
alkoxy, alkylcarbamoyl, alkanoylamine, alkylsulfamoyl,
alkylsulfonamide, a carbocycle or a heterocycle;
wherein said amino, alkyl, acyl, alkylsulfonyl,
alkylsulfmyl, alkoxy, alkylcarbamoyl, alkanoylamine,
alkylsulfamoyl, alkylsulfonamide, carbocycle and
heterocycle substituent is optionally substituted with
amino, halogen, hydroxyl, carbonyl, or a carbocycle or
heterocycle that is optionally substituted with
hydroxyl, amino, halogen, haloalkyl, alkyl, alkoxy or
acyl; R2 is halogen, hydroxyl, alkyl, acyl or alkoxy
each optionally substituted with hydroxyl, halogen,
amino, nitro, alkyl, acyl, alkylsulfonyl or alkoxy; R3
is halogen, hydroxyl, carboxyl, alkyl, acyl, alkoxy,
alkoxycarbonyl, carbamoyl, alkylsulfide, alkylsulfmyl,
alkylsulfonyl, a carbocycle or a heterocycle wherein
each alkyl, acyl, alkoxy, alkoxycarbonyl, carbamoyl,
alkylsulfide, alkylsulfmyl, alkylsulfonyl, carbocycle
and heterocycle is optionally substituted with
hydroxyl, halogen, amino, nitro, alkyl, acyl,
alkylsulfonyl or alkoxy; R4 is H or alkyl; mis 0-3; n
is 0-3; and salts and solvates thereof. In another
aspect of the invention, there are provided
compositions comprising compounds of formula I and a
carrier, diluent or excipient. In another aspect of
the invention, there is provided a method for treating
cancer comprising administering an effective amount of
a compound of formula I to a mammal in need thereof.
In another aspect of the invention, there is provided
a method for inhibiting hedgehog signaling in a cell
comprising contacting said cell with a compound of
formula I.In another aspect of the invention, there is
provided a method for treating a disease or condition
associated with the hedgehog signaling in a mammal,
comprising administering to said mammal an effective
amount of a compound of formula I. 



In another aspect of the invention, there are provided
processes for preparing compounds of the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
"Acyl" means a carbonyl containing substituent
represented by the formula -C(O)-R in which R is H,
alkyl, a carbocycle, a heterocycle,
carbocycle-substituted alkyl or
heterocycle-substituted alkyl wherein the alkyl,
alkoxy, carbocycle and heterocycle are as defined
herein. Acyl groups include alkanoyl (e.g. acetyl),
aroyl (e.g. benzoyl), and heteroaroyl. "Alkyl" means a
branched or unbranched, saturated or unsaturated (i.e.
alkenyl, alkynyl) aliphatic hydrocarbon group, having
up to 12 carbon atoms unless otherwise specified. When
used as part of another term, for example
"alkylamino", the alkyl portion is preferably a
saturated hydrocarbon chain, however also includes
unsaturated hydrocarbon carbon chains such as
"alkenylamino" and "alkynylamino. "Alkylphosphinate"
means a -P(O)R-alkyl group wherein R is H, alkyl,
carbocycle-alkyl or heterocycle-alkyl. Examples of
preferred alkyl groups include methyl, ethyl,
n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl,
tert-butyl, n-pentyl, 2-methylbutyl, 2,2-
dimethylpropyl, n-hexyl, 2-methylpentyl,
2,2-dimethylbutyl, n-heptyl, 3-heptyl, 2-methylhexyl,
and the like. The terms "lower alkyl" "C1-C4 alkyl"
and "alkyl of 1 to 4 carbon atoms" are synonymous and
used interchangeably to mean methyl, ethyl, 1-propyl,
isopropyl, cyclopropyl, 1- butyl, sec-butyl or
t-butyl. Unless specified, substituted, alkyl groups
may contain one (preferably), two, three or four
substituents which may be the same or different.
Examples of the above substituted alkyl groups
include, but are not limited to; cyanomethyl,
nitromethyl, hydroxymethyl, trityloxymethyl,
propionyloxymethyl, aminomethyl, carboxymethyl,
carboxyethyl, carboxypropyl, alkyloxycarbonylmethyl,
allyloxycarbonylaminomethyl, carbamoyloxymethyl,
methoxymethyl, ethoxymethyl, t-butoxymethyl,
acetoxymethyl, chloromethyl, bromomethyl, iodomethyl,
trifluoromethyl, 6-hydroxyhexyl,
2,4-dichloro(n-butyl), 2-amino(iso-propyl), 2-
carbamoyloxyethyl and the like. The alkyl group may
also be substituted with a carbocycle group. Examples
include cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, and cyclohexylmethyl groups, as
well as the corresponding -ethyl, -propyl, -butyl,
-pentyl, -hexyl groups, etc. Preferred substituted
alkyls are substituted methyls e.g. a methyl group
substituted by the same substituentsas the
"substituted Cn-Cm alkyl" group. Examples of the
substituted methyl group include groups such as
hydroxymethyl, protected hydroxymethyl (e.g.
tetrahydropyranyloxymethyl), acetoxymethyl,
carbamoyloxymethyl, trifluoromethyl, chloromethyl,
carboxymethyl, bromomethyl and iodomethyl. "Amidine"
or "amidino" means the group -C(NH)-NRR wherein each R
is independently H, OH, alkyl, alkoxy, a carbocycle, a
heterocycle, a carbocycle-substituted alkyl or a
heterocyclesubstituted alkyl; or both R groups
together form a heterocycle. A preferred amidine is
the group -C(NH)-NH2. "Amino" denotes primary (i.e.
-NH 2) , secondary (i.e. -NRH) and tertiary (i.e.
-NRR) amines wherein R is independently alkyl, a
carbocycle (e.g. aryl) , a heterocycle (e.g.
heteroaryl), carbocycle-substituted alkyl (e.g.
benzyl) or a heterocycle-substituted alkyl or
alternatively two R groups together with the nitrogen
atom from which they depend form a heterocycle.
Particular secondary and tertiary amines are
alkylamine, dialkylamine, arylamine, diarylamine,
aralkylamine and diaralkylamine. Particular secondary
and tertiary amines are methylamine, ethylamine,
propylamine, isopropylamine, phenylamine, benzylamine
dimethylamine, diethylamine, dipropylamine and
diisopropylamine. "Amino-protecting group" as used
herein refers to a derivative of the groups commonly
employed to block or protect an amino group while
reactions are carried out on other functional groups
on the compound. Examples of such protecting groups
include carbamates, amides, alkyl and aryl groups,
imines, as well as many N-heteroatom derivatives which
can be removed to regenerate the desired amine group.
Preferred amino protecting groups are Boc, Fmoc and
Cbz. Further examples of these groups are found in T.
W. Greene and P. G. M. Wuts, "Protective Groups in
Organic Synthesis", 2nd ed., John Wiley & Sons, Inc.,
New York, NY, 1991, chapter 7; E. Haslam, "Protective
Groups in Organic Chemistry", J . G. W. McOmie, Ed.,
Plenum Press, New York, NY, 1973, Chapter 5, and T.W.
Greene, "Protective Groups in Organic Synthesis", John
Wiley and Sons, New York, NY, 1981. The term
"protected amino" refers to an amino group 



substituted with one of the above amino-protecting
groups. "Aryl" when used alone or as part of another
term means a carbocyclic aromatic group whether or not
fused having the number of carbon atoms designated or
if no number is designated, up to 14 carbon atoms.
Aryl groups include phenyl, naphthyl, biphenyl,
phenanthrenyl, naphthacenyl, and the like (see e.g.
Lang's Handbook of Chemistry (Dean, J . A., ed) 13th
ed. Table 7-2 [1985]). In a particular embodiment aryl
may be phenyl. Substituted phenyl or substituted aryl
denotes aphenyl group or aryl group substituted with
one, two, three, four or five, such as 1-2, 1-3 or 1-4
substituents chosen, unless otherwise specified, from
halogen (F, Cl, Br, I), hydroxy, protected hydroxy,
cyano, nitro, alkyl (for example Ci-Ce alkyl), alkoxy
(for example Ci-C alkoxy), benzyloxy, carboxy,
protected carboxy, carboxymethyl, protected
carboxymethyl, hydroxymethyl, protected hydroxymethyl,
aminomethyl, protected aminomethyl, trifluoromethyl,
alkylsulfonylamino, arylsulfonylamino,
heterocyclylsulfonylamino, heterocyclyl, aryl, or
other groups specified. One or more methyne (CH)
and/or methylene (CH2) groups in these substituents
may in turn be substituted with a similar group as
those denoted above. Examples of the term "substituted
phenyl" includes but is not limited to a mono- or
di(halo)phenyl group such as 2- chlorophenyl,
2-bromophenyl, 4-chlorophenyl, 2,6-dichlorophenyl,
2,5-dichlorophenyl, 3,4- dichlorophenyl,
3-chlorophenyl, 3-bromophenyl, 4-bromophenyl,
3,4-dibromophenyl, 3-chloro-4- fluorophenyl,
2-fluorophenyl and the like; a mono- or
di(hydroxy)phenyl group such as 4- hydroxyphenyl,
3-hydroxyphenyl, 2,4-dihydroxyphenyl, the
protected-hydroxy derivatives thereof and the like; a
nitrophenyl group such as 3- or 4-nitrophenyl; a
cyanophenyl group, for example, 4-cyanophenyl; a mono-
or di(lower alkyl)phenyl group such as 4-methylphenyl,
2,4- dimethylphenyl, 2-methylphenyl,
4-(iso-propyl)phenyl, 4-ethylphenyl,
3-(n-propyl)phenyl and the like; a mono or
di(alkoxy)phenyl group, for example,
3,4-dimethoxyphenyl, 3-methoxy-4- benzyloxyphenyl,
3-methoxy-4-(l-chloromethyl)benzyloxy-phenyl,
3-ethoxyphenyl, 4- (isopropoxy)phenyl,
4-(t-butoxy)phenyl, 3-ethoxy-4-methoxyphenyl and the
like; 3- or 4- trifluoromethylphenyl; a mono- or
dicarboxyphenyl or (protected carboxy)phenyl group
such 4- carboxyphenyl, ; a mono- or
di(hydroxymethyl)phenyl or (protected
hydroxymethyl)phenyl such as 3-(protected
hydroxymethyl)phenyl or 3,4-di(hydroxymethyl)phenyl; a
mono- or di(aminomethyl)phenyl or (protected
aminomethyl)phenyl such as 2-(aminomethyl)phenyl or
2,4- (protected aminomethyl)phenyl; or a mono- or
di(N-(methylsulfonylamino))phenyl such as
3-(Nmethylsulfonylamino)) phenyl. Also, the term
"substituted phenyl" represents disubstituted phenyl
groups where the substituents are different, for
example, 3-methyl-4-hydroxyphenyl, 3-
chloro-4-hydroxyphenyl, 2-methoxy-4-bromophenyl,
4-ethyl-2-hydroxyphenyl, 3-hydroxy-4- nitrophenyl,
2-hydroxy-4-chlorophenyl, and the like, as well as
trisubstituted phenyl groups where the substituents
are different, for example
3-methoxy-4-benzyloxy-6-methyl sulfonylamino, 3-
methoxy-4-benzyloxy-6-phenyl sulfonylamino, and
tetrasubstituted phenyl groups where the substituents
are different such as
3-methoxy-4-benzyloxy-5-methyl-6-phenyl sulfonylamino.
Substituted phenyl groups include 2-chlorophenyl,
2-aminophenyl, 2-bromophenyl, 3- methoxyphenyl,
3-ethoxy-phenyl, 4-benzyloxyphenyl, 4-methoxyphenyl,
3-ethoxy-4- benzyloxyphenyl, 3,4-diethoxyphenyl,
3-methoxy-4-benzyloxyphenyl,
3-methoxy-4-(lchloromethyl) benzyloxy-phenyl,
3-methoxy-4-(l-chloromethyl)benzyloxy -6- methyl
sulfonylaminophenyl groups. Fused aryl rings may also
be substituted with any (for example 1, 2 or 3) of the
substituents specified herein in the same manner as
substituted alkyl groups. "Carbamoyl" means an
aminocarbonyl containing substituent represented by
the formula - C(O)N(R)2 in which R is H, hydroxyl,
alkoxy, alkyl, a carbocycle, a heterocycle,
carbocyclesubstituted alkyl or alkoxy, or
heterocycle-substituted alkyl or alkoxy wherein the
alkyl, alkoxy, carbocycle and heterocycle are as
herein defined. Carbamoyl groups include
alkylaminoecarbonyl (e.g. ethylaminocarbonyl,
Et-NH-CO-), arylaminocarbonyl (e.g.
phenylaminocarbonyl), aralkylaminocarbonyl (e.g.
benzoylaminocarbonyl) a heterocycleaminocarbonyl (e.g.
piperizinylaminocarbonyl), and in particular a
heteroarylaminocarbonyl (e.g. pyridylaminocarbonyl).
"Carbocyclyl", "carbocyclic", "carbocycle" and
"carbocyclo" alone and when used as a moiety in a
complex group such as a carbocycloalkyl group, refers
to a mono-, bi-, or tricyclic aliphatic ring having 3
to 14 carbon atoms and preferably 3 to 7 carbon atoms
which may be saturated or unsaturated, aromatic or
non-aromatic. Preferred saturated carbocyclic groups
include 



cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl
groups and more preferred are cyclopropyl and
cyclohexyl and most preferred is cyclohexyl. Preferred
unsaturated carbocycles are aromatic e.g. aryl groups
as previously defined, the most preferred being
phenyl. The terms "substituted carbocyclyl",
"substituted carbocycle" and "substituted carbocyclo"
unless otherwise specified mean these groups
substituted by the same substituents as the
"substituted alkyl" group. "Carboxy-protecting group"
as used herein refers to one of the ester derivatives
of the carboxylic acid group commonly employed to
block or protect the carboxylic acid group while
reactions are carried out on other functional groups
on the compound. Examples of such carboxylic acid
protecting groups include 4-nitrobenzyl,
4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-
dimethoxybenzyl, 2,4,6-trimethoxybenzyl,
2,4,6-trimethylbenzyl, pentamethylbenzyl, 3,4-
methylenedioxybenzyl, benzhydryl,
4,4'-dimethoxybenzhydryl, 2,2 ',4,4'-
tetramethoxybenzhydryl, alkyl such as t-butyl or
t-amyl, trityl, 4-methoxytrityl, 4,4'-
dimethoxytrityl, 4,4',4"-trimethoxytrityl,
2-phenylprop-2-yl, trimethylsilyl,
t-butyldimethylsilyl, phenacyl, 2,2,2-trichloroethyl,
beta-(trimethylsilyl)ethyl,
beta-(di(n-butyl)methylsilyl)ethyl,
ptoluenesulfonylethyl, 4-nitrobenzylsulfonylethyl,
allyl, cinnamyl, l-(trimethylsilylmethyl)prop-len-
3-yl, and like moieties. The species of
carboxy-protecting group employed is not critical so
long as the derivatized carboxylic acid is stable to
the condition of subsequent reaction(s) on other
positions of the molecule and can be removed at the
appropriate point without disrupting the remainder of
the molecule. In particular, it is important not to
subject a carboxy-protectedmolecule to strong
nucleophilic bases, such as lithium hydroxide or NaOH,
or reductive conditions employing highly activated
metal hydrides such as LiAlH4. (Such harsh removal
conditions are also to be avoided when removing
amino-protecting groups and hydroxy-protecting groups,
discussed below.) Preferred carboxylic acid protecting
groups are the alkyl (e.g. methyl, ethyl, t-butyl),
allyl, benzyl and p-nitrobenzyl groups. Similar
carboxy-protecting groups used in the cephalosporin,
penicillin and peptide arts can also be used to
protect a carboxy group substituents. Further examples
of these groups are found in T. W. Greene and P. G. M.
Wuts, "Protective Groups in Organic Synthesis", 2nd
ed., John Wiley & Sons, Inc., New York, N.Y., 1991,
chapter 5; E. Haslam, "Protective Groups in Organic
Chemistry", J . G. W. McOmie, Ed., Plenum Press, New
York, N.Y., 1973, Chapter 5, and T.W. Greene,
"Protective Groups in Organic Synthesis", John Wiley
and Sons, New York, NY, 1981, Chapter 5. The term
"protected carboxy" refers to a carboxy group
substituted with one of the above carboxy-protecting
groups. "Guanidine" means the group -NH-C(NH)-NHR
wherein R is H, alkyl, a carbocycle, a heterocycle, a
carbocycle-substituted alkyl, or a
heterocycle-substituted alkyl. A particular guanidine
group is -NH-C(NH)-NH2. "Heterocyclic group",
"heterocyclic", "heterocycle", "heterocyclyl", or
"heterocyclo" alone and when used as a moiety in a
complex group such as a heterocycloalkyl group, are
used interchangeably and refer to any mono-, bi-, or
tricyclic, saturated or unsaturated, aromatic
(heteroaryl) or non-aromatic ring having the number of
atoms designated, generally from 5 to about 14 ring
atoms, where the ring atoms are carbon and at least
one heteroatom (nitrogen, sulfur or oxygen) and
preferably 1 to 4 heteroatoms. "Heterocyclosulfonyl"
means a - Sq 2-heterocycle group;
"heterocyclosulfinyl" means a -SO-heterocycle group.
Typically, a 5-membered ring has 0 to 2 double bonds
and 6- or 7-membered ring has 0 to 3 double bonds and
the nitrogen or sulfur heteroatoms may optionally be
oxidized (e.g. SO, SO ), and any nitrogen heteroatom
may optionally be quaternized. Preferred non-aromatic
heterocycles include morpholinyl (morpholino),
pyrrolidinyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
2,3-dihydrofuranyl, 2H-pyranyl, tetrahydropyranyl,
thiiranyl, thietanyl, tetrahydrothietanyl, aziridinyl,
azetidinyl, l-methyl-2- pyrrolyl, piperazinyl and
piperidinyl. A "heterocycloalkyl" group is a
heterocycle group as defined above covalently bonded
to an alkyl group as defined above. Preferred
5-membered heterocycles containing a sulfur or oxygen
atom and one to three nitrogen atoms include
thiazolyl, in particular thiazol-2-yl and thiazol-2-yl
N-oxide, thiadiazolyl, in particular 1,3,4-
thiadiazol-5-yl and l,2,4-thiadiazol-5-yl, oxazolyl,
preferably oxazol-2-yl, and oxadiazolyl, such as
l,3,4-oxadiazol-5-yl, and l,2,4-oxadiazol-5-yl.
Preferred 5-membered ring heterocycles containing 2 to
4 nitrogen atoms include imidazolyl, preferably
imidazol-2-yl; triazolyl,preferably
l,3,4-triazol-5-yl; l,2,3-triazol-5-yl,
l,2,4-triazol-5-yl, and tetrazolyl, preferably
IHtetrazol- 5-yl. Preferred benzo-fused 5-membered
heterocycles are benzoxazol-2-yl, benzthiazol- 



2-yl and benzimidazol-2-yl. Preferred 6-membered
heterocycles contain one to three nitrogen atoms and
optionally a sulfur or oxygen atom, for example
pyridyl, such as pyrid-2-yl, pyrid-3-yl, and
pyrid-4-yl; pyrimidyl, preferably pyrimid-2-yl and
pyrimid-4-yl; triazinyl, preferably 1,3,4-
triazin-2-yl and l,3,5-triazin-4-yl; pyridazinyl, in
particular pyridazin-3-yl, and pyrazinyl. The pyridine
N-oxides and pyridazine N-oxides and the pyridyl,
pyrimid-2-yl, pyrimid-4-yl, pyridazinyl and the
l,3,4-triazin-2-yl groups, are a preferred group.
Substituents for optionally substituted heterocycles,
and further examples of the 5- and 6-membered ring
systems discussed above can be found in W. Druckheimer
et al, U.S. Patent No. 4,278,793. "Heteroaryl" alone
and when used as a moiety in a complex group such as a
heteroaralkyl group, refers to any mono-, bi-, or
tricyclic aromatic ring system having the number of
atoms designated where at least one ring is a 5-, 6-
or 7-membered ring containing from one to four
heteroatoms selected from the group nitrogen, oxygen,
and sulfur, and preferably at least one heteroatom is
nitrogen (Lang's Handbook of Chemistry, supra).
Included in the definition are any bicyclic groups
where any of the above heteroaryl rings are fused to a
benzene ring. Heteroaryls in which nitrogen or oxygen
is the heteroatom are preferred. The following ring
systems are examples of the heteroaryl (whether
substituted or unsubstituted) groups denoted by the
term "heteroaryl": thienyl, furyl, imidazolyl,
pyrazolyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl,
tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl,
pyrimidyl, pyrazinyl, pyridazinyl, thiazinyl,
oxazinyl, triazinyl, thiadiazinyl, oxadiazinyl,
dithiazinyl, dioxazinyl, oxathiazinyl, tetrazinyl,
thiatriazinyl, oxatriazinyl, dithiadiazinyl,
imidazolinyl, dihydropyrimidyl, tetrahydropyrimidyl,
tetrazolo[l,5-b]pyridazinyl and purinyl, as well as
benzo-fused derivatives, for example benzoxazolyl,
benzofuryl, benzothiazolyl, benzothiadiazolyl,
benzotriazolyl, benzoimidazolyl and indolyl. A
particularly preferred group of "heteroaryl" include;
1,3-thiazol- 2-yl, 4-(carboxymethyl)-5-methyl-l
,3-thiazol-2-yl, 4-(carboxymethyl)-5-methyl-l
,3-thiazol-2-yl sodium salt, l,2,4-thiadiazol-5-yl,
3-methyl-l,2,4-thiadiazol-5-yl, l,3,4-triazol-5-yl,
2-methyll, 3,4-triazol-5-yl,
2-hydroxy-l,3,4-triazol-5-yl,
2-carboxy-4-methyl-l,3,4-triazol-5-yl sodium salt,
2-carboxy-4-methyl-l,3,4-triazol-5-yl,
l,3-oxazol-2-yl, l,3,4-oxadiazol-5-yl, 2-methyl-
1,3,4- oxadiazol-5-yl,
2-(hydroxymethyl)-l,3,4-oxadiazol-5-yl,
l,2,4-oxadiazol-5-yl, l,3,4-thiadiazol-5- yl,
2-thiol-l,3,4-thiadiazol-5-yl,
2-(methylthio)-l,3,4-thiadiazol-5-yl,
2-amino-l,3,4-thiadiazol-5- yl, lH-tetrazol-5-yl,
1-methyl- lH-tetrazol-5-yl,
l-(l-(dimethylamino)eth-2-yl)-lH-tetrazol-5-yl, 1-
(carboxymethyl)-lH-tetrazol-5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl,
1-(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
2- methyl-lH-tetrazol-5-yl, l,2,3-triazol-5-yl,
l-methyl-l,2,3-triazol-5-yl,
2-methyl-l,2,3-triazol-5-yl,
4-methyl-l,2,3-triazol-5-yl, pyrid-2-yl N-oxide,
6-methoxy-2-(n-oxide)-pyridaz-3-yl, 6-
hydroxypyridaz-3-yl, 1-methylpyrid-2-yl,
1-methylpyrid-4-yl, 2-hydroxypyrimid-4-yl, 1,4,5,6-
tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl,
l,4,5,6-tetrahydro-4-(formylmethyl)-5,6-dioxo-astriazi
n- 3-yl, 2,5-dihydro-5-oxo-6-hydroxy-astriazin-3-yl,
2,5-dihydro-5-oxo-6-hydroxy-as-triazin- 3-yl sodium
salt,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-astriazin-3-yl
sodium salt, 2,5-dihydro-5-
oxo-6-hydroxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-6-methoxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-as-triazin-3-yl,
2,5-dihydro-5-oxo-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo- 2,6-dimethyl-as-triazin-3-yl,
tetrazolo[l,5-b]pyridazin-6-yl and
8-aminotetrazolo[l,5-b]-pyridazin- 6-yl. An
alternative group of "heteroaryl" includes;
4-(carboxymethyl)-5-methyl-l,3-thiazol-2- yl,
4-(carboxymethyl)-5-methyl-l,3-thiazol-2-yl sodium
salt, l,3,4-triazol-5-yl, 2-methyl- 1,3,4-
triazol-5-yl, lH-tetrazol-5-yl, 1-methyl-
lH-tetrazol-5-yl,
l-(l-(dimethylamino)eth-2-yl)-lHtetrazol- 5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt,
1-(methylsulfonic acid)-lH-tetrazol-5-yl,
1-(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
1,2,3-triazol-5-yl,
1,4,5,6-tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl,
1,4,5,6-tetrahydro-4-
(2-formylmethyl)-5,6-dioxo-as-triazin-3-yl,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl
sodium salt,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl,
tetrazolo[l ,5-b]pyridazin-6-yl, and
8-aminotetrazolo[l,5-b]pyridazin-6-yl.
"Hydroxy-protecting group" as used herein refers to a
derivative of the hydroxy group commonly employed to
block or protect the hydroxy group while reactions are
carried out on other functional groups on the
compound. Examples of such protecting groups include
tetrahydropyranyloxy, benzoyl, acetoxy, carbamoyloxy,
benzyl, and silylethers (e.g. TBS, 



TBDPS) groups. Further examples of these groups are
found in T. W. Greene and P. G. M. Wuts, "Protective
Groups in Organic Synthesis", 2nd ed., John Wiley &
Sons, Inc., New York, NY, 1991, chapters 2-3; E.
Haslam, "Protective Groups in Organic Chemistry", J .
G. W. McOmie, Ed., Plenum Press, New York, NY, 1973,
Chapter 5, and T.W. Greene, "Protective Groups in
Organic Synthesis", John Wiley and Sons, New York, NY,
1981. The term "protected hydroxy" refers to a hydroxy
group substituted with one of the above
hydroxy-protecting groups. "Pharmaceutically
acceptable salts" include both acid and base addition
salts. "Pharmaceutically acceptable acid addition
salt" refers to those salts which retain the
biological effectiveness and properties of the free
bases and which are not biologically or otherwise
undesirable, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, carbonic acid, phosphoric acid and the
like, and organic acids may be selected from
aliphatic, cycloaliphatic, aromatic, araliphatic,
heterocyclic, carboxylic, and sulfonic classes of
organic acids such as formic acid, acetic acid,
propionic acid, glycolic acid, gluconic acid, lactic
acid,pyruvic acid, oxalic acid, malic acid, maleic
acid, maloneic acid, succinic acid, fumaric acid,
tartaric acid, citric acid, aspartic acid, ascorbic
acid, glutamic acid, anthranilic acid, benzoic acid,
cinnamic acid, mandelic acid, embonic acid,
phenylacetic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid,
salicyclic acid and the like. "Pharmaceutically
acceptable base addition salts" include those derived
from inorganic bases such as sodium, potassium,
lithium, ammonium, calcium, magnesium, iron, zinc,
copper, manganese, aluminum salts and the like.
Particularly preferred are the ammonium, potassium,
sodium, calcium and magnesium salts. Salts derived
from pharmaceutically acceptable organic nontoxic
bases includes salts of primary, secondary, and
tertiary amines, substituted amines including
naturally occurring substituted amines, cyclic amines
and basic ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, TEA, tripropylamine,
ethanolamine, 2- diethylaminoethanol, trimethamine,
dicyclohexylamine, lysine, arginine, histidine,
caffeine, procaine, hydrabamine, choline, betaine,
ethylenediamine, glucosamine, methylglucamine,
theobromine, purines, piperizine, piperidine,
N-ethylpiperidine, polyamine resins and the like.
Particularly preferred organic non-toxic bases are
isopropylamine, diethylamine, ethanolamine,
trimethamine, dicyclohexylamine, choline, and
caffeine. "Phosphinate" means -P(O)R-OR wehrein each R
is independently H, alkyl, carbocycle, heterocycle,
carbocycloalkyl or heterocycloalkyl. Particular
phosphinate groups are alkylphosphinate (i.e.
-P(O)R-O-alkyl), for example -P(O)Me-OEt. "Sulfamoyl"
means - Sq 2-N(R)2 wherein each R is independently H,
alkyl, carbocycle, heterocycle, carbocycloalkyl or
heterocycloalkyl. Particular sulfamoyl groups are
alkylsulfamoyl, for example methylsulfamoyl (-Sq
2-NHMe); arylsulfamoyl, for example phenylsulfamoyl;
aralkylsulfamoyl, for example benzylsulfamoyl.
"Sulfinyl" means a -SO-R group wherein R is alkyl,
carbocycle, heterocycle, carbocycloalkyl or
heterocycloalkyl. Particular sulfinyl groups are
alkylsulfmyl (i.e. -SO-alkyl), for example
methylsulfmyl; arylsulfmyl (i.e. -SO-aryl) for example
phenylsulfmyl; aralkylsulfmyl, for example
benzylsulfmyl. "Sulfonamide" means -NR-SO 2-R wherein
each R is independently H, alkyl, carbocycle,
heterocycle, carbocycloalkyl or heterocycloalkyl), a
carbocycle or a heterocycle. Particular sulfonamide
groups are alkylsulfonamide (e.g. -NH-S q 2-alkyl),
for example methylsulfonamide;arylsulfonamdie (i.e.
-NH-S q 2-aryl) for example phenylsulfonamide;
aralkylsulfonamide, for example benzylsulfonamide.
"Sulfonyl" means a -SO 2-R group wherein R is alkyl,
carbocycle, heterocycle, carbocycloalkyl or
heterocycloalkyl. Particular sulfonyl groups are
alkylsulfonyl (i.e. - Sq 2-alkyl), for example
methylsulfonyl; arylsulfonyl, for example
phenylsulfonyl; aralkylsulfonyl, for example
benzylsulfonyl. The phrase "and salts and solvates
thereof as used herein means that compounds of the
inventions may exist in one or a mixture of salts and
solvate forms. For example a compound of the invention
may be substantially pure in one particular salt or
solvate form or else may be mixtures of two or more
salt or solvate forms. The present invention provides
novel compounds having the general formula I : I 



wherein A, X, Y, Ri, R2, and R 3 are as defined
herein. A is a carbocycle or heterocycle ring
substituted with 0 to 3 (e.g. n is 0-3) R groups
selected from the group consisting of halogen,
hydroxyl, alkyl, acyl or alkoxy each optionally
substituted with hydroxyl, halogen, amino, nitro,
alkyl, acyl, alkylsulfonyl or alkoxy;. In a particular
embodiment, A is optionally substituted aryl or
heteroaryl. In particular embodiment A is optionally
substituted benzene, thiophene, thiazole, imidazole,
pyrrole, N-alkyl pyrrole, pyridine, pyrazole or
N-alkyl pyrazole. In a particular embodiment A is a
ring selected from the group consisting of A1, A2, A3,
A4 A5, A6 and A7:wherein Zi is O, S or NR5 wherein R5
is H or alkyl; Z2 is CH, CR ' or N; R2 is halogen,
hydroxyl, alkyl, acyl or alkoxy each optionally
substituted with hydroxyl, halogen, amino, nitro,
alkyl, acyl, alkylsulfonyl or alkoxy; R2' is H,
halogen, hydroxyl, alkyl, acyl or alkoxy each
optionally substituted with hydroxyl, halogen, amino,
nitro, alkyl, acyl, alkylsulfonyl or alkoxy; and n is
0-3. In a particular embodiment A is the ring of
formula A1. In a particular embodiment, A is the ring
of formula A1 wherein Zi is S and Z2 is CH or N. In
another embodiment, A is the ring of formula A1
wherein Zi is S and Z2 is CH, i.e. thiophene. In
another embodiment, A is the ring of formula A1
wherein Zi is S and Z2 is N, i.e. thiazole. In another
embodiment, A is the ring of formula A1 wherein R2' is
H. In embodiment, A is the ring of formula A1 wherein
R2' is methyl. In another embodiment, A is the ring A1
wherein R2' is methyl. In a particular embodiment A is
ring A2. In another embodiment, A is the ring of
formula A1 wherein R2 may be absent, i.e. n is 0. In
another embodiment, n is 1 and R2 is Cl. In another
particular embodiment A is the ring of formula A3. In
an embodiment, A is a ring of formula A wherein Zi is
S and Z2 is N, i.e. a thiazole. In another embodiment,
A is a ring of formula A3 wherein Zi is S, Z2 is N and
R2' is Cl. In another embodiment, A is a ring of
formula A wherein Zi is S, Z2 is CH (i.e. thiophene)
and R2' is Cl. In a particular embodiment A is the
ring Ala, Alb, A2a, A3a, A3b , A4a, A5a, A6a, A7a, :
Al a AIb A2a5a A6a A7a In a particular embodiment A is
the ring of formula Ala. In another embodiment A is
the ring of formula Alb. In another embodiment A is
the ring of formula A2a. In another embodiment A is
the ring of formula A3a. In another embodiment A is
the ring of formula A3b . In another embodiment A is
the ring of formula A4a X is alkylene, NR4C(O),
NR4C(S), N(C(O)Ri)C(O), NR4SO, NR4SO2, NR4C(O)NH,
NR4C(S)NH, C(O)NR4, C(S)NR4, NR4PO or NR4PO(OH)
wherein R4 is H or alkyl. In a particular embodiment X
is NR4C(O) which forms an amide linkage between ring A
and Ri. In another embodiment, X is N4C(S), which
forms a thioamide linkage between ring A and Ri. In
another embodiment, X is NR4C(O)NH which forms a urea
linkage between ring A and Ri. In another embodiment X
is NR4C(S)NH which with NR2 forms a thiourea linkage
between ring A and Ri. In another embodiment X is
N(C(O)Ri)C(O) i.e. a nitrogen with two -C(O)Ri groups
pending therefrom. Y is absent, CHR4, O, S, SO, SO2 or
NR4 wherein R4 is as defined herein. In a particular
embodiment Y is CHR4. In a particular embodiment Y is
NR4. In a particular embodiment Y is O. In a
particular embodiment Y is S. In a particular
embodiment Y is SO. In a particular embodiment Y is
SO2. In another embodiment Y is absent i.e. ring A is
directly attached to the pyridyl ring at the
2-position. Ri is selected from the group consisting
of alkyl, a carbocycle or a heterocycle each of which
is optionally substituted with hydroxyl, halogen,
amino, carboxyl, amidino, guanidino, carbonyl (i.e.
=0), nitro, cyano, acyl, alkyl, haloalkyl, sulfonyl,
sulfmyl, alkoxy, akylthio, carbamoyl, acylamino,
sulfamoyl, sulfonamide, a carbocycle or a heterocycle;
wherein said amino, amidino, alkyl, acyl, sulfonyl,
sulfmyl, alkoxy, alkylthio, carbamoyl, acylamino,
sulfamoyl, sulfonamide, carbocycle and heterocycle
substituent is optionally substituted with, halogen,
haloakyl, hydroxyl, carboxyl, carbonyl, or an amino,
alkyl, alkoxy, acyl, sulfonyl, sulfmyl, phosphinate,
carbocycle or heterocycle that is optionally
substituted with hydroxyl, carboxyl, carbonyl, amino,
halogen, haloalkyl, alkyl, alkoxy, alkylthio,
sulfonyl, sulfmyl, acyl, a carbocycle or a
heterocycle.In another embodiment Ri is selected from
the group consisting of alkyl, a carbocycle or a
heterocycle each of which is optionally substituted
with hydroxyl, halogen, amino, carbonyl, nitro, cyano,
acyl, alkyl, haloalkyl, alkylsulfonyl, alkylsulfmyl,
alkoxy, alkylcarbamoyl (i.e. -CONRalkyl wherein R is H
or alkyl), alkanoylamine (i.e. -NRCO-alkyl wherein R
is H or alkyl), 



alkylsulfamoyl (i.e. -SC^NR-alkyl wherein R is H or
alkyl), alkylsulfonamide (i.e. -NR-Sq 2-alkyl wherein
R is H or alkyl), a carbocycle or a heterocycle;
wherein said amino, alkyl, acyl, alkylsulfonyl,
alkylsulfmyl, alkoxy, alkylcarbamoyl, alkanoylamine,
alkylsulfamoyl, alkylsulfonamide, carbocycle and
heterocycle substituent is optionally substituted with
amino, halogen, hydroxyl, carbonyl, or a carbocycle or
heterocycle that is optionally substituted with
hydroxyl, amino, halogen, haloalkyl, alkyl, alkoxy or
acyl. In a particular embodiment Ri is an optionally
substituted aryl or heteroaryl. In a particular
embodiment Ri is an optionally substituted phenyl
group. In another particular embodiment Ri is an
optionally substituted pyridine group. In a particular
embodiment Ri is of formula Ha, lib, Hc, Hd, He, Hf,
Hg, Hh, Hi, Hj, Ilk, III, Hm, Hn or Ho: Ha Hb lie Hg
IIh Hi Hj Ilk IIIIIm Hn Ho wherein W is O, S or NR7
wherein R7 is H, alkyl, acyl, a carbocycle or a
heterocycle wherein said alkyl, acyl, carbocycle and
heterocycle are each optionally substituted with 1-3
amino, halogen, hydroxyl and haloalkyl; o is 0-3. In a
particular embodiment W is S. R6 in each instance is
independently hydroxyl, halogen, amino, carboxyl,
amidino, guanidino, carbonyl, nitro, cyano, acyl,
alkyl, haloalkyl, sulfonyl, sulfmyl, alkoxy, akylthio,
carbamoyl, acylamino, sulfamoyl, sulfonamide, a
carbocycle or a heterocycle; wherein said amino,
amidino, alkyl, acyl, sulfonyl, sulfmyl, alkoxy,
alkylthio, carbamoyl, acylamino, sulfamoyl,
sulfonamide, carbocycle and heterocycle substituent is
optionally substituted with, halogen, haloakyl,
hydroxyl, carboxyl, carbonyl, or an amino, alkyl,
alkoxy, acyl, sulfonyl, sulfmyl, phosphinate,
carbocycle or heterocycle that is optionally
substituted with hydroxyl, carboxyl, carbonyl, amino,
halogen, haloalkyl, alkyl, alkoxy, alkylthio,
sulfonyl, sulfmyl, acyl, a carbocycle or a
heterocycle. In a particular embodiment R6 in each
instance is independently hydroxyl, halogen, amino,
carbonyl, nitro, cyano, acyl, alkyl, sulfonyl,
alkylsulfonyl, alkylsulfinyl, alkoxy, alkylcarbamoyl,
alkanoylamine, alkylsulfamoyl, alkylsulfonamide, a
carbocycle or a heterocycle; wherein said amino,
alkyl, carbonyl, acyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, alkoxy, alkylcarbamoyl, alkanoylamine,
alkylsulfamoyl, alkylsulfonamide, carbocycle and
heterocycle substituent is optionally substituted with
amino, halogen, hydroxyl, carbonyl, or a carbocycle or
heterocycle that is optionally substituted with
hydroxyl, amino, halogen, haloalkyl, alkyl, alkoxy or
acyl. In a particular embodiment R6 is independently
in each instance optionally substituted alkyl (e.g.
methyl, trifluoromethyl, dimethylaminomethyl,
piperidinylmethyl, morpholinomethyl,
thiomorpholinomethyl); halogen (e.g. chloro); alkoxy
(e.g. methoxy); carbonyl (e.g. morpholinocarbonyl,
acetyl); a heterocycle (e.g. morpholino,
N-methyl-piperazin-4-yl, N-acetylpiperazin- 4-yl,
lH-l,2,4-triazole); alkylamino (e.g. i-butylamino,
benzylamino, hydroxyethylamino, methoxyethylamino,
dimethylaminoethylamino, morpholinoethylamino,
morpholinopropylamino, pyrrolidin-2-one-substituted
propylamino, imidazole-ethylamino,
imidazole-propylamino); arylamino (e.g. phenylamino);
alkylcarbamoyl (e.g.
dimethylcarbamoyl,i-butylaminocarbonyl);
alkylsulfamoyl (e.g. propylaminosulfonyl,
i-butylaminosulfonyl, dimethylaminosulfonyl,
dimethylaminoethyl hydroxyethylaminosulfonyl,
methoxyethylaminosulfonyl, methoxypropylaminosulfonyl,
methylsulfonylethylaminosulfonyl,
imidazole-substituted propylaminosulfonyl,
hydroxypropylaminosulfonyl, 2-
hydroxypropylaminosulfonyl ); or sulfonyl (e.g.
methylsulfonyl, ethylsulfonyl, aminosulfonyl,
dimethylaminopropylsulfonyl,
N-methyl-piperazin-4-yl-sulfonyl,
morpholino-4-yl-sulfonyl, trifluoromethylsulfonyl) .
In a particular embodiment R7 is H. In another
particular embodiment R7 is optionally substituted
acyl. In another particular embodiment R7 is
optionally substituted alkyl (e.g. methyl). In another
particular embodiment R7 is optionally substituted
acyl (e.g. acetyl, benzoyl). In another particular
embodiment R7 is an optionally substituted aryl group
(e.g. phenyl, benzyl). In a particular embodiment Ri
is the group of formula Ha. In such embodiment R6 may
be alkoxy and o is 1, 2 or 3. Particular Ha groups are
Ha1 - Ha28 : Ha6 Ha' Ha IIa Ha10Ha1 Ha12 Ha 13 Ha14
Ha15 Ha 1 Ha 1 Ha 18 Ha1 Ha-20 



Ha2 1 Ha22 Ha23 Ha24 Ha25 Ha2 Ha27 Ha28 In another
particular embodiment R1 is the group of formula lib.
In such embodiment R6 may be alkyl or haloalkyl (e.g.
CF3) . Particular lib groups are lib 1 - lib3:In a
particular embodiment Ri is the group of formula Hc.
In such embodiment W may be S and o is 0. In another
particular embodiment Ri is the group of formula Hd.
In such embodiment o may be 0. In another particular
embodiment Ri is the group of formula He. In such
embodiment o may be 0. In another particular
embodiment Ri is the group of formula Hf. In such
embodiment o may be O. In another particular
embodiment Ri is the group of formula Hn. In such
embodiment o may be 0 or 2 and R6 may be alkyl or
aryl. In a particular embodiment, group Hn has the
formula Hn 1: Hn 1 In another particular embodiment Ri
is the group of formula Ho. In such embodiment o may
be 0 or 2 and R6 may be alkyl or aryl. In a particular
embodiment, group Ho has the formula Ho1: Ho1 R2 is
halogen, hydroxyl, alkyl, acyl or alkoxy each
optionally substituted with hydroxyl, halogen, amino,
nitro, alkyl, acyl, alkylsulfonyl or alkoxy. n is 0-3,
for example 0 or 1. In a particular embodiment R2 is
hydroxyl. In a particular embodiment R2 is alkyl or
alkyl substituted with halogen, methyl or
trifluoromethyl. In a particular embodiment R2 is
acyl, for example alkanoyl e.g. acetyl. In a
particular embodiment R2 is halogen, for example Cl or
F. In another particular embodiment R2 is alkoxy, for
example methoxy or ethoxy. R3 is halogen, hydroxyl,
carboxyl, alkyl, acyl, alkoxy, alkoxycarbonyl,
carbamoyl, alkylsulfide, sulfmyl, sulfonyl, a
carbocycle or a heterocycle wherein each alkyl, acyl,
alkoxy, alkoxycarbonyl, carbamoyl, alkylsulfide,
sulfmyl, sulfonyl, carbocycle and heterocycle is
optionally substituted with hydroxyl, halogen, amino,
nitro, alkyl, acyl, sulfonyl or alkoxy. In a
particular embodiment R3 is halogen, hydroxyl,
carboxyl, alkyl, acyl, alkoxy, alkoxycarbonyl,
carbamoyl, alkylsulfide, alkylsulfmyl, alkylsulfonyl,
a carbocycle or a heterocycle wherein each alkyl,
acyl, alkoxy, alkoxycarbonyl, carbamoyl, alkylsulfide,
alkylsulfmyl, alkylsulfonyl, carbocycle and
heterocycle isoptionally substituted with hydroxyl,
halogen, amino, nitro, alkyl, acyl, alkylsulfonyl or
alkoxy; while m is 0 to 3. In a particular embodiment,
R3 is halogen (e.g. F), carboxyl, or optionally
substituted alkyl (e.g. methyl, hydroxymethyl,
dimethylaminomethyl), alkoxycarbonyl (e.g.
methoxycarbonyl) or carbamoyl (e.g.
dimethylaminocarbonyl). In a particular embodiment m
is 0, i.e. R3 is absent. In another particular
embodiment m is 1-3. In a particular embodiment,
compounds of the invention are represented by the
general formula Ib: Ib wherein X, R R3 and m are as
defined herein and R8 is halogen. In an embodiment,
compounds of the invention have the general formula Ib
and X is NR4CO. In further embodiment, compounds are
of formula Ib and R3 is H or methyl. In another
particular embodiment, compounds of the invention are
represented by the general formula Ib': Ib' wherein X,
R3, R6, m and o are as defined herein; R8 is a
halogen; and ring B is a carbocycle or heterocycle. In
a particular embodiment R8 is Cl. In a particular
embodiment ring B is phenyl or pyridyl. In a
particular embodiment X is NR4C(O) and R4 is as
defined herein. In another particular embodiment,
compounds of the invention have the general formula
Ic:Ic wherein X, R R3 and m are as defined herein. In
an embodiment, compounds of the invention have the
general formula Ib and X is NR4CO. In a further
embodiment, compounds are of formula Ic and R3 is H or
methyl and m is Oor 1. In another particular
embodiment, compounds of the invention have the
general formula Id: Id wherein X, Ri, R3 and m are as
defined herein. In an embodiment, compounds of the
invention have the general formula Ib and X is NR4CO.
In a further embodiment, compounds are of formula Id
and R3 is H, Cl or trifluoromethyl and m is Oor 1.
Particular compounds of the invention include, but are
not limited to the following:PROCESS AND APPARATUS FOR
COOLING LIQUID BOTTOMS FROM VAPORLIQUID SEPARATOR BY
HEAT EXCHANGE WITH FEEDSTOCK DURING 



STEAM CRACKING OF HYDROCARBON FEEDSTOCKS FIELD OF THE
INVENTION [0001] The present invention relates to the
cracking of hydrocarbon feedstocks, particularly those
that contain relatively non-volatile hydrocarbons and
other contaminants. In particular, the present
invention relates to cooling hot liquid bottoms taken
from a vaporliquid separation apparatus used in steam
cracking hydrocarbon feedstocks, while preheating a
hydrocarbon feedstock to a pyrolysis furnace.
BACKGROUND OF THE INVENTION [0002] Steam cracking,
also referred to as pyrolysis, has long been used to
crack various hydrocarbon feedstocks into olefins,
preferably light olefins such as ethylene, propylene,
and butenes. Conventional steam cracking utilizes a
pyrolysis furnace which has two main sections: a
convection section and a radiant section. The
hydrocarbon feedstock typically enters the convection
section of the furnace as a liquid (except for light
feedstocks which enter as a vapor) wherein it is
typically heated and vaporized by indirect contact
with hot flue gas from the radiant section and by
direct contact with steam. The vaporized feedstock and
steam mixture is then introduced into the radiant
section where the cracking takes place. The resulting
products, including olefins, leave the pyrolysis
furnace for further downstream processing, including
quenching. [0003] Conventional steam cracking systems
have been effective for cracking highquality
feedstocks such as gas oil and naphtha. However, steam
cracking economics sometimes favor cracking low cost
heavy feedstock such as, by way of non-limiting
examples, crude oil and atmospheric resid, also known
as atmospheric pipestill bottoms. Crude oil and
atmospheric resid contain high molecular weight,
non-volatile components, e.g., asphaltenes, resid,
and/or pitch, with boiling points in excess of 590 C (
1100 F). The non-volatile, heavy ends of these
feedstocks lay down as coke in the convection section
of conventional pyrolysis furnaces. Only very low
levels of non-volatiles, say, e.g., less than 50 ppmw,
or even less than 5 ppmw can be tolerated in the
convection section downstream of the point where the
lighter components have fully vaporized. Additionally,
some naphthas are contaminated with crude oil during
transport. Conventional pyrolysis furnaces do not have
the flexibility to process resids, e.g., atmospheric
resids, crudes, or many resid- orcrude-contaminated
gas oils or naphthas, which contain a large fraction
of heavy non-volatile hydrocarbons, say, from 50 to
100000 ppmw. [0004] In furnaces processing such feeds,
the crude oil or resid is typically preheated and
mixed with dilution steam, and only partially
vaporized before it is removed from the convection
section and fed to a vapor-liquid separator (flash
drum or flash vessel) to separate heavy non-volatile
hydrocarbons from lighter volatile hydrocarbons which
are fed back to the convection section of the furnace
for additional preheating and then cracked in the
radiant section of the pyrolysis furnace. It is
important to maximize non-volatile hydrocarbon removal
efficiency in this process. Otherwise, heavy,
coke-forming non-volatile hydrocarbons could be
entrained in the vapor phase and carried overhead into
the furnace creating coking problems in the convection
section. The heated liquid bottoms produced from such
flashing typically must be cooled, thereby providing
an opportunity to enhance thermal efficiency of the
overall steam cracking process. [0005] U.S. Patent
3,617,493, which is incorporated herein by reference,
discloses the use of an external vaporization drum for
the crude oil feed and discloses the use of a first
flash to remove naphtha as vapor and a second flash to
remove vapors with a boiling point between 230 C and
590 C (450 F and 1100 F). The vapors are cracked in
the pyrolysis furnace into olefins and the separated
liquids from the two flash tanks are removed, stripped
with steam, and used as fuel. U.S. Patents 7,097,758
and 7,138,047, both of which are incorporated by
reference herein, disclose furnaces for processing
high levels of non-volatile hydrocarbons (or resids)
wherein the feedstocks are preheated, mixed with
dilution steam and water, partially vaporized in the
convection section and then fed to a vapor-liquid
separator to remove non-volatiles as liquid, prior to
cracking. [0006] In order to achieve a stable
commercial operation on a furnace employing an 



external vapor-liquid separator or flash drum, it is
necessary to have a configuration and control system
that can maintain a desired inlet temperature to the
vapor-liquid separator. U.S. Patent 7,138,047,
incorporated herein by reference, describes an
advantageously controlled process to optimize the
cracking of volatile hydrocarbons contained in the
heavy hydrocarbon feedstocks and to reduce and avoid
coking problems. It provides a method to maintain a
relatively constant ratio of vapor to liquid leaving
the flash by maintaining a relatively constant
temperature of the stream entering the flash. More
specifically, the constant temperature of the flash
stream is maintained by automatically adjusting the
amount of a fluid stream mixed with the heavy
hydrocarbon feedstock prior to the flash. Thus,
avariable quantity of a dilution liquid (or fluid),
preferably water, is substituted for dilution steam as
required to keep the vapor-liquid separator (flash)
temperature substantially constant, despite load
changes that the furnace may experience. The bottoms
from the flash can be cooled in a heat exchanger and
exported or recycled to the flash drum. [0007] At
least the first stage of cooling can be achieved in a
heat exchanger located in close proximity to the
vapor-liquid separator. This heat exchanger has been
used in the past to cool the liquid stream from the
separator by generating medium pressure steam (693 to
1138 kPa (100 to 150 psig)) which can be exported to
the plant medium pressure steam header. [0008] U.S.
Patent 7,351,872, incorporated herein by reference,
teaches alternate ways of maintaining vapor-liquid
separator temperature, e.g., by varying furnace draft,
which can dispense with the need for water injection
entirely. [0009] U.S. Patent Application Ser. No.
12/132,130, filed June 3, 2008 discloses cooling
liquid bottoms taken from a vapor-liquid separation
apparatus used in steam cracking hydrocarbon feeds, by
heat exchange with high pressure boiler feed water.
[0010] During flashing to separate heavy liquid
hydrocarbon fractions containing resid from the
lighter fractions which can be processed in the
pyrolysis furnace, it would be desirable to cool the
liquid bottoms fraction in such a way as to
efficiently recover their heat. Accordingly, it would
be desirable to provide a process for cooling liquid
phase materials, e.g., bottoms, taken from a flash
drum used to separate heavy liquid hydrocarbon
fractions containing resid from the lighter fractions
which can be processed in the pyrolysis furnace, while
utilizing transferred heat to efficiently integrate
the heat recovery in the overall furnace design.
SUMMARY OF THE INVENTION [0011] In one aspect, the
present invention relates to a process for cooling
liquid bottoms from a vapor-liquid separator used in
separating heated hydrocarbon feedstock that is to be
cracked, which comprises: i) indirectly heat
exchanging hot liquid bottoms, e.g., having a
temperature ranging from 200 C to 500 C (392 F to 932
F), say, from 250 C to 350 C (482 F to 662 F), with a
cool hydrocarbon feedstock, e.g., having a temperature
ranging from 20 C to 200 C (68 F to 392 F), say, from
50 C to 150 C (122 F to 302 F), to provide cooled
liquid bottoms, e.g., at a temperature ranging from 50
C to 350 C (122 F to 662 F), say, from 70 C to 300 C
(158 F to 572 F), and preheated hydrocarbon
feedstock,e.g., at a temperature ranging from 50 C to
300 C (122 F to 572 F), say, from 70 C to 200 C (158 F
to 392 F); and ii) directing at least a portion of the
preheated hydrocarbon feedstock to a convection
section inlet of a pyrolysis furnace comprising a) a
convection section having at least one convection zone
and b) a radiant section. Step ii)'s directing of the
preheated hydrocarbon feedstock to the convection
section inlet results in additional heating and
subsequent cracking of the feedstock. The cool
hydrocarbon feedstock can typically contain "resid,"
described further below. For present purposes, the
term "hot liquid bottoms" can be defined as a liquid
bottoms stream of sufficient heat content for transfer
to a cooler stream using an indirect heat exchanger.
Similarly, the term "cool hydrocarbon feedstock" can
be defined as a hydrocarbon feedstock stream which is
sufficiently cool to accept heat transferred from a
hotter stream using an indirect heat exchanger.
Typically, the temperature difference between the hot
liquid bottoms and the cool hydrocarbon feedstock can
be at least 25 C (77 F), say, at least 100 C (212 F),
e.g., at least 200 C (392 F). [0012] In certain
embodiments, the process of the invention further
comprises: iii) 



introducing diluent steam to the preheated hydrocarbon
feedstock; and, optionally, iv) introducing a liquid
diluent to the preheated hydrocarbon feedstock. The
introduced liquid diluent, typically comprising water,
can be reduced as a function of the extent to which
the hydrocarbon feedstock is preheated. The introduced
liquid diluent can be substituted for the steam
diluent in an amount sufficient to maintain a
substantially constant temperature in the vapor-
liquid separator. In an embodiment of the process, the
hydrocarbon feedstock can vary from heavier feedstocks
selected from heavy crude oil and atmospheric resid,
to lighter feedstocks selected from lighter crude oils
and mixtures of crude oil and condensate. [0013] In
another aspect, the present invention relates to a
process for cracking a hydrocarbon feedstock in a
pyrolysis furnace comprising at least one convection
section and a radiant section, the process comprising:
(a) introducing a preheated hydrocarbon feedstock, for
further heating in a convection zone, such as but not
limited to an upper convection zone; (b) mixing the
preheated hydrocarbon feedstock with dilution steam
and, optionally, a dilution liquid, e.g., water, to
form a mixture stream; (c) separating the mixture
stream in a vapor-liquid separator to form I) a vapor
phase and II) a liquid phase; (d) removing the vapor
phase as overhead and the liquid phase as bottoms from
the vapor-liquid separator; (e) cooling the hotter
bottoms in a heat exchanger outside the pyrolysis
furnace by indirect heat exchange with a cooler
hydrocarbon feedstock to provide at least a portion of
the preheated hydrocarbon feedstock; (f) cracking the
vapor phase in the radiant section of a
pyrolysisfurnace to produce an effluent comprising
olefins; and (g) recovering cracked product from the
effluent comprising olefins. [0014] In one embodiment
of this aspect of the invention, the mixture stream is
heated in an additional convection zone prior to its
introduction to the vapor-liquid separator. [0015] In
another embodiment of this aspect, the vapor phase is
heated in an additional convection zone prior to
cracking. [0016] In still another embodiment of this
aspect, the at least one convection zone comprises a
tube bank heat exchanger. [0017] In yet another
embodiment of this aspect of the invention, the
process further comprises quenching the effluent
comprising olefins from cracking, prior to recovering
cracked product. [0018] In still yet another
embodiment of this aspect, the process further
comprises recycling a portion of the cooled liquid
bottoms to the vapor- liquid separator. [0019] In
certain embodiments of this aspect of the present
invention, the process can further comprise at least
one of: (h) heat exchanging high pressure boiler feed
water with hot flue gas in a convection zone to
provide preheated high pressure boiler feed water; (i)
heat exchanging dilution steam with hot flue gas in a
convection zone to provide heated dilution steam; (j)
optionally adding desuperheater water to the heated
dilution steam, providing a cooled mixture; (k) adding
the heated dilution steam and optional desuperheater
water to the mixture stream of (b); (1) heat
exchanging superheated high pressure steam with hot
flue gas in a convection zone to provide heated
superheated high pressure steam; (m) adding
desuperheater water to the heated superheated high
pressure steam to provide a stream of superheated high
pressure steam at reduced temperature; and (n) heat
exchanging the stream of (m) with hot flue gas in a
convection zone to provide superheated high pressure
steam at a temperature suitable for export to a
header. Such temperature can be at least 370 C (700
F), typically ranging from 477 C to 565 C (890 F to
1050 F). For present purposes, temperatures for a
specific stream to be heated or cooled can be measured
at the appropriate inlet or outlet of the heat
exchange means from which they are received or taken,
unless otherwise described. [0020] In an embodiment of
this aspect of the invention, the liquid bottoms from
the vapor-liquid separation apparatus range from 250 C
to 350 C (482 F to 662 F), the cooled liquid bottoms
range from 90 C to 260 C (194 F to 500 F), the
hydrocarbon feedstockranges from 70 C to 150 C (158 F
to 302 F), and the preheated hydrocarbon feedstock
ranges from 90 C to 200 C (194 F to 392 F). [0021] In
another embodiment of this aspect of the invention,
the dilution liquid used to form the mixture stream of
(b) is reduced as a function of the extent to which
the 



hydrocarbon feedstock is preheated. [0022] In still
another embodiment of this aspect of the invention,
the dilution liquid is substituted for the dilution
steam in an amount sufficient to maintain a
substantially constant temperature in the vapor-liquid
separator. [0023] In yet another embodiment of this
aspect of the invention, the hydrocarbon feedstock is
selected or varied over a range of hydrocarbon liquid
feeds, from heavier feedstocks to lighter feedstocks.
For present purposes the heavier feedstocks comprise
higher boiling fractions than lighter feedstocks.
Heavier feedstocks can be selected, for example, from
heavy crude oil and atmospheric resid, while lighter
feedstocks can be selected, for example, from lighter
crude oils and mixtures of crude oil and condensate.
[0024] In still another aspect, the present invention
relates to an apparatus for cracking a preheated
hydrocarbon feedstock in a pyrolysis furnace
comprising a) a convection section having at least one
convection zone, and b) a radiant section, the
apparatus comprising: (1) an inlet for receiving
preheated hydrocarbon feedstock; (2) a convection zone
for heating the preheated hydrocarbon feedstock; (3)
at least one inlet for introducing steam, or steam and
water, to the heated hydrocarbon feedstock to form a
mixture stream; (4) a vapor-liquid separator, which
can be external to the pyrolysis furnace, for treating
the mixture stream to form I) a vapor phase and II) a
liquid phase, the separator further comprising an
overhead outlet for substantially removing the vapor
phase as overhead and a liquid outlet for
substantially removing the liquid phase as heated
bottoms from the vapor-liquid separator; (5) a heat
exchanger, external to the pyrolysis furnace, for
cooling the vapor-liquid separator bottoms by indirect
heat exchange, comprising an inlet for receiving
heated bottoms from the separator, an outlet for
withdrawing cooled bottoms, an inlet for receiving
cool hydrocarbon feedstock as a heat exchange medium
to the heat exchanger, and an outlet for withdrawing
preheated hydrocarbon feedstock; (6) a line for
directing at least a portion of the withdrawn
preheated hydrocarbon feedstock to the inlet for
receiving preheated hydrocarbon feedstock; and (7) a
radiant section for cracking the heated vapor phase to
produce an effluent comprising olefins.[0025] In
certain embodiments of this aspect of the invention,
the apparatus can further comprise at least one of:
(8) a convection zone for heating the mixture stream;
(9) a convection zone for heating the overhead to
provide a heated vapor phase; (10) a quench exchanger
for cooling the effluent comprising olefins; and ( 11)
a recovery train for recovering light olefins from the
effluent comprising olefins. [0026] In an embodiment
of this aspect of the invention, the at least one
convection zone comprises at least one heat exchanger
tube bank. [0027] In still other embodiments of this
aspect of the invention, the apparatus further
comprises at least one of: (12) a heat exchanger for
preheating high pressure boiler feed water with hot
flue gas in a convection zone to provide preheated
high pressure boiler feed water; (13) a heat exchanger
for heating dilution steam with hot flue gas in a
convection zone to provide heated dilution steam; (14)
an inlet for adding desuperheater water to the heated
dilution steam; (15) an inlet for adding the heated
dilution steam to the mixture stream of (3); (16) an
inlet for adding desuperheater water to the mixture
stream of (3); (17) a heat exchanger for superheating
high pressure steam with hot flue gas in a convection
zone to provide heated superheated high pressure
steam; (18) an inlet for adding desuperheater water to
the heated superheated high pressure steam to provide
a stream of superheated high pressure steam at reduced
temperature; and (19) a heat exchanger for heating the
mixture of heated superheated high pressure steam and
desuperheater water with hot flue gas in a convection
zone to provide superheated high pressure steam at a
temperature suitable for export to a header. BRIEF
DESCRIPTION OF THE DRAWING [0028] The FIGURE
illustrates a schematic flow diagram of the overall
process and apparatus in accordance with the present
invention. DETAILED DESCRIPTION OF THE INVENTION
[0029] The present invention provides an efficient way
of treating the liquid bottoms 



from a vapor-liquid separation apparatus, which are
associated with a hydrocarbon pyrolysis reactor used
for steam cracking. The invention provides efficient
removal and recovery of heat from the bottoms stream
by preheating a hydrocarbonaceous feed to the reactor.
The hydrocarbon pyrolysis reactor (or furnace) used in
the present invention comprises a convection section
having at least one convection zone, and a radiant
section. For present purposes, a convection section
can be described as that portion of the furnace
wherein afeedstock is treated by convection heating,
e.g., by indirect heat exchange of hot flue gas from
the radiant section, in passages having heat
conducting surfaces, e.g., a bank of metal tubes. The
convection section typically comprises one or more
convection zones, each zone having an inlet to and an
outlet from the convection section. A convection
section can typically comprise one or more heating
zones, as well as a preheating zone, although the
latter can be redundant in the present invention which
preheats feedstock in a heat exchanger utilizing
heated bottoms from a vapor-liquid separator. Each
convection zone is typically associated with a
specific tube bank for effecting heat exchange. In an
embodiment of the invention, an internal or external
vapor- liquid separator, e.g., flash drum or vessel,
can be interposed between convection zones. The
convection section may also include separate
convection zones which treat other streams, e.g.,
boiler feed water, steam, etc. [0030] For present
purposes, unless otherwise described, conditions,
e.g., temperatures, of a reactant stream or starting
material stream are measured at the inlet of the zone
in which they are treated, while conditions for a
treated stream are typically measured at the outlet of
the zone in which they are treated. The heat exchanger
used to cool the hot liquid bottoms can be any
suitable heat exchanger means, e.g., a shell-and-tube
exchanger, spiral wound exchanger, airfn, or
double-pipe exchanger. [0031] The present invention is
used in the steam cracking of hydrocarbon feedstocks,
especially liquid hydrocarbon feedstocks, e.g., those
having a nominal final boiling point of at least 315 C
(600 F). These feedstocks typically contain
non-volatile components. [0032] As used herein,
non-volatile components, or resids, are the fraction
of the hydrocarbon feed with a nominal boiling point
above 590 C ( 1100 F) as measured by ASTM D-6352-98 or
D-2887. This invention works very well with
non-volatiles having a nominal boiling point above 760
C (1400 F). The boiling point distribution of the
hydrocarbon feed is measured by Gas Chromatograph
Distillation (GCD), also measured by ASTM D-6352-98 or
D-2887. Non-volatiles include coke precursors, which
are large, condensable molecules that condense in the
vapor, and then form coke under the operating
conditions encountered in the present process of the
invention. [0033] Typical hydrocarbon feedstocks
suited to use for steam cracking in the present
invention are commonly selected from the exemplary
group including steam cracked gas oil/residue
admixtures, gas oils, heating oil, jet fuel, diesel,
kerosene, gasoline, coker naphtha, steam cracked
naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffmate reformate, Fischer-Tropsch
liquids, Fischer-Tropsch gases, natural
gasoline,distillate, virgin naphtha, crude oil,
atmospheric pipestill bottoms, vacuum pipestill
streams including bottoms, wide boiling range naphtha
to gas oil condensates, heavy non-virgin hydrocarbon
streams from refineries, vacuum gas oils, heavy gas
oil, naphtha contaminated with crude, atmospheric
residue, heavy residue, hydrocarbon gas/residue
admixtures, hydrogen/residue admixtures, C4 s/residue
admixtures, naphtha/residue admixtures and gas
oil/residue admixtures, and mixtures thereof. [0034]
In order to achieve stable commercial operation in a
pyrolysis furnace which utilizes a vapor-liquid
separator, it has been found desirable to have a
furnace configuration and control system that can
maintain the desired inlet temperature to the
vapor-liquid separator. As earlier noted, U.S. Patent
7,138,047 describes a system where a variable quantity
of a dilution fluid, preferably water, is substituted
for dilution steam as needed to keep the vapor-liquid
separator temperature constant, despite load changes
experienced by the furnace. [0035] For heavy crude
oils or atmospheric resids, it is usually desired to
operate the vapor-liquid separator at the highest
possible temperature in order to maximize the quantity
of the feed that is recovered to the radiant section
of the pyrolysis furnace for cracking to 



light olefins. Such target temperatures generally fall
between 400 C and 500 C (752 F and 932 F). The upper
limit is typically set by the onset of thermal
cracking and fouling in the overhead lines from the
vapor-liquid separator, e.g., temperatures of 460 C
(860 F). For lighter feeds, e.g., lighter crude oils,
or mixtures of crude oil and condensate, the
concentration of non-volatile hydrocarbons in the
separator bottoms liquid may reach a maximum value
prior to the separator temperature reaching the
aforesaid upper limit. In such instances, it is
desirable to operate the separator at a lower
temperature to maintain an adequate quantity and
quality of the separator bottoms liquid. Such
temperatures depend on the boiling range of the feed
mixture, and can range from 400 C to 450 C (752 F to
842 F). [0036] The liquid bottoms stream from the
vapor-liquid separator is cooled prior to being sent
to storage or alternative downstream disposition. At
least the first stage of cooling can be achieved in a
heat exchanger in proximity to the vapor-liquid
separator. [0037] The pyrolysis furnace of U.S. Patent
7,138,047, suitable for use in the present invention,
utilizes a mixture of steam and fluid, e.g., water, as
diluent, and can be operated in a commercially stable
operation on a wide variety of feedstocks containing
non-volatile hydrocarbons. However, its operation is
most efficient when process feedstocks require ahigh
vapor-liquid separator temperature. In such cases, the
rate of water injection into the convection section
can be minimized. Additional control techniques for a
pyrolysis furnace described in U.S. Patent 7,351,872,
incorporated herein by reference in its entirety,
include adjusting furnace draft to control the inlet
temperature of the vapor-liquid separator, and can
eliminate the need for water injection where feed
quality remains consistent. However, if the furnace
must process not only feedstocks requiring a high
separator temperature, e.g., whole crude or
atmospheric resid, but feedstocks requiring low
separator temperature, e.g., crude oil/condensate
mixture, significant quantities of water must be
substituted for dilution steam to maintain the
separator at the required lower temperature. [0038]
Using such high water injection rates wastes valuable
energy in the flue gas of the furnace being used to
vaporize water, effectively using flue gas to generate
dilution steam, rather than for a higher value heat
recovery service. For example, the flue gas could
otherwise be used to preheat high pressure boiler feed
water, to increase super high pressure steam
generation for a transfer line exchanger-equipped
furnace. Thus, the use of significant amounts of water
to reduce separator temperature reduces overall energy
efficiency of the furnace. [0039] Moreover, each mass
of water injected into the convection section of a
furnace in place of dilution steam requires an
incremental mass of sour condensate blowdown from the
dilution steam generation system. This increases both
the cost of the waste water treatment facilities
required by the plant in question, and also increases
the volume of the treated water discharge from the
plant. [0040] In contrast, the present invention
provides for using a broad range of feedstocks
containing non-volatile hydrocarbons to be processed
across a reasonable range of vaporliquid separator
temperatures, without requiring injection of
significant volumes of water in place of dilution
steam in the convection section of the furnace. [0041]
Generally, heavy crude oil feedstocks that require
high convection section heat input to achieve the
desired separator temperatures tend to produce copious
amounts of separator bottoms and so have
commensurately high liquid flow rates leading from the
separator bottoms. In contrast, lighter feedstocks
such as crude oil/condensate mixtures that require
lower separator temperatures tend to have low liquid
flow rates leading from the separator bottoms.[0042]
Surprisingly, it has been found that the need for
water injection in place of dilution steam in the
convection section can be minimized if, instead of
accomplishing all the feed preheat duty in the furnace
convection section, the feed is first preheated
against separator bottoms in a heat exchanger, and the
preheated feed is then fed to a convection section of
the pyrolysis furnace. The invention is particularly
advantageous because the present invention balances
the high preheat duty required of heavy feedstocks
with the heat provided by heat exchange of the high
liquid flow rates of separator bottoms associated with



the processing of heavier feeds. Similarly, the
reduced preheat duty required by lighter feedstocks is
balanced by the heat exchange with the low liquid flow
rates from the separator bottoms that are associated
with lighter feedstocks. This permits efficient and
substantially self-regulating energy recovery from the
flue gas with minimal water injection into the
convection section for both the heavy feedstocks and
the light feedstocks. [0043] The balancing of
convection section duties and separator temperatures
may also be aided by varying the temperature at which
the feed is supplied to the preheat exchanger. For
applications requiring high preheat duties, e.g.,
heavy crude oils, higher supply temperatures are
favored. For low preheat duties, e.g., crude
oil/condensate mixtures, low supply temperatures are
favored. This balancing can further be aided by
varying the excess O levels at which the furnace is
operated. For applications requiring high preheat
duties, higher excess O2 levels are desirable, for
lower preheat duties, lower excess O2 levels are
preferred. [0044] In applying this invention, the
hydrocarbon feedstock, which typically contains resid,
is preheated outside the pyrolysis furnace comprising
a convection section with one or more convection
zones, and a radiant section, prior to introduction of
the hydrocarbon feedstock to the convection zone for
initially heating feedstock within the convection
section of the pyrolysis furnace. The preheating can
be carried out by heat exchanging the hydrocarbon
feedstock with a suitable source of heat. In
particular, the present invention utilizes as the heat
source a hot liquid bottoms stream taken from a
vapor-liquid separator that is located downstream of
the initial convection zone for heating feedstock in
the convection section of the pyrolysis furnace, and
upstream of the radiant section of the pyrolysis
furnace. The preheated hydrocarbon feedstock can be
further heated by indirect contact with flue gas in a
convection zone tube bank of the pyrolysis furnace
before mixing with a fluid, e.g., steam, and
optionally, liquid water. Preferably, the temperature
of thehydrocarbon feedstock is from 130 C to 260 C
(266 F to 500 F), before mixing with the fluid. [0045]
Following mixing with the primary dilution steam
stream and optional liquid water, the mixture stream
may be heated by indirect contact with flue gas in the
convection section of the pyrolysis furnace before
being flashed. Preferably, the convection section is
arranged to add the primary dilution steam stream and
any liquid water, between convection zones such that
the hydrocarbon feedstock can be heated before mixing
with the fluid and the mixture stream can be further
heated before being flashed. [0046] The temperature of
the flue gas entering the uppermost (or furthest
upstream) convection zone tube bank for heating
feedstock is generally less than 815 C (1500 F), for
example, less than 705 C (1300 F), such as less than
620 C ( 1150 F), and preferably less than 540 C (1000
F). [0047] Dilution steam may be added at any point in
the process, for example, it may be added to the
hydrocarbon feedstock before or after heating, to the
mixture stream, and/or to the vapor phase. Any
dilution steam stream may comprise sour steam. Any
dilution steam stream may be heated or superheated in
a convection zone tube bank located anywhere within
the convection section of the furnace. [0048] The
mixture stream may be at 315 C to 540 C (600 F to 1000
F) before introduction to the vapor- liquid separator
or flash apparatus, e.g., knockout drum, and the flash
pressure may be 275 to 1375 kPa (40 to 200 psia).
Following the flash, 50 to 98% of the mixture stream
may be in the vapor phase. An additional separator
such as a centrifugal separator may optionally be used
to remove trace amounts of liquid from the vapor
phase. The vapor phase may be heated to above the
flash temperature before entering the radiant section
of the furnace, for example, to 425 C to 705 C (800 F
to 1300 F). This heating may occur in a convection
section tube bank, preferably the tube bank in the
convection zone nearest the radiant section of the
furnace. [0049] A transfer line exchanger can be used
to produce high pressure steam which is then
preferably superheated in a convection section tube
bank of the pyrolysis furnace, typically to a
temperature less than 590 C ( 1100 F), for example,
370 C to 565 C (700 F 



to 1050 F) by indirect contact with the flue gas
before the flue gas enters the convection section tube
bank used for heating the heavy hydrocarbon feedstock
and/or mixture stream. An intermediate desuperheater
may be used to control the temperature of the high
pressuresteam. The high pressure steam is preferably
at a pressure of 4240 kPa (615 psia) or greater and
may have a pressure of 10450 to 13900 kPa (1515 to
2015 psia). The high pressure steam superheater tube
bank is preferably located in a convection zone
between the first convection zone tube bank and the
convection zone tube bank used for heating the vapor
phase. [0050] The cooled gaseous effluent derived from
the transfer line exchanger is directed to a recovery
train for recovering C to C olefins, inter alia.
[0051] The invention will now be more particularly
described with reference to the example shown in the
accompanying drawing. Operating conditions within the
process shown in the drawing are provided in TABLE 1.
[0052] Referring to the FIGURE, a hydrocarbon
feedstock 10, e.g., heavy crude oil requiring high
preheat duties, or crude oil/condensate mixtures
requiring low preheat duties, is preheated by passing
through heat exchanger 12. The initial feed
temperature is measured at the heat exchanger inlet,
and the feed temperature exiting the heat exchanger,
is measured at the heat exchanger outlet. Preheated
feed passes via line 14 into a first convection zone
exchanger tube bank 15 in steam cracking furnace
(pyrolysis reactor) 16 at the upper portion of
convection section 18 for additional preheating.
Heating of the feedstock within the convection section
is by indirect contact of the feedstock in the
convection section of the furnace, using hot flue
gases from the radiant section 20 of the furnace
exiting via furnace outlet 22 which can be associated
with a blower 23 to vary draft as needed. After the
additional preheating, the feedstock as measured at
the outlet of the first convection zone exchanger tube
bank in the upper convection section has a temperature
between 100 C and 300 C (212 F and 572 F). Preferably,
the temperature of the heated feedstock is between 120
C and 270 C (248 F and 518 F), and most preferably
between 130 C and 250 C (266 F and 482 F). The
additionally preheated feedstock passes through a
sparger 24 that receives water via line 26 controlled
by valve 28 to introduce water or other suitable fluid
to the feed. Dilution steam is introduced to the
sparger via line 30 controlled by valve 32 where it
mixes with the feedstock and water, the mixture
exiting the sparger via line 34 which returns to an
intermediate convection zone tube exchanger bank 35
for additional heating of the mixture which is taken
outside the convection section via line 36 for
reintroduction to the convection section for further
heating in a lower intermediate convection zone tube
bank. The mixture again exits the convection section,
this time via line 38 to a vapor-liquidseparator 40
through a side inlet 42. Liquid is taken as bottoms
from the separator via bottom outlet 44 (at which
point bottoms temperatures can be measured) via line
46 and then directed via pump 48 as heat transfer
medium to heat exchanger 12. The liquid separator
bottoms taken from the heat exchanger can be recycled
via line 50, controlled by valve 52 to the boot 54 of
the vapor-liquid separator. Unrecycled liquid bottoms
are collected for liquid stream export via line 56
controlled by valve 58. Superheated dilution steam can
be mixed with the feed to the vapor-liquid separator
via line 64, intermediate convection zone tube
exchanger bank 68, and line 70, controlled by valve
66. Desuperheating water can be mixed with the
superheated dilution steam via line 60 controlled by
valve 62. The heated dilution steam passes via line 70
to the vapor-liquid separator via line 38. Normally,
the desuperheater maintains the temperature of the
dilution steam between 425 C and 590 C (800 F and 1100
F), for example, between 455 C and 540 C (850 F and
1000 F), such as between 455 C and 510 C (850 F and
950 F), and typically between 470 C and 495 C (875 F
and 925 F), as measured at the inlet to the
vapor-liquid separator 40. The desuperheater can be a
control valve and water atomizer nozzle. [0053] The
vapor from the vapor-liquid separator 40 passes as
overhead via line 72 to a downstream convection zone
tube exchanger bank 79 where it is heated, and thence
to crossover line 76 from which it is directed to the
radiant section 20 from which it emerges as hot
gaseous pyrolysis effluent. [0054] The hot gaseous
pyrolysis effluent exits the radiant section 20 of
steam cracking 



furnace 16 via line 78 into at least one primary
transfer line heat exchanger 80 that cools the
effluent from an inlet temperature ranging from 704 C
to 927 C (1300 F and 1700 F), say, from 760 C to 871 C
(1400 F to 1600 F), e.g., 816 C (1500 F), to an outlet
temperature ranging from 316 C to 704 C (600 C to 1300
F), say, from 371 C to 649 C (700 F to 1200 F), e.g.,
538 C (1000 F). The outlet temperature of this
exchanger rises rapidly from 443 C to 527 C (830 F to
980 F), and then more slowly to 549 C (1020 F). The
effluent from the transfer line exchanger can then be
directed by line 82 to further treatment, e.g.,
quenching and further processing by a recovery train
to provide separate fractions of light olefins. [0055]
High pressure boiler feed water can be directed via
line 84 for preheating to a high pressure boiler feed
water heat exchange coil 86 located below the
intermediate convection zone tube exchanger bank coil
35 that receives sparger 24 effluent via line 34. The
preheatedhigh pressure boiler feed water is directed
to a steam drum (not shown) via line 88. Alternate or
additional heating of high pressure boiler feed water
can be carried out by directing a source of high
pressure boiler feed water 90 to a low temperature
high pressure boiler feed water preheat coil 92
situated above the initial feed inlet to the furnace
at the first convection zone heat exchanger tube bank
15. This preheated boiler feed water can be directed
via line 94 to the high pressure boiler feed water
heat exchange coil 86 for additional preheating as
necessary. The use of the low temperature high
pressure boiler feed water preheat coil 92 heat
provides for efficient furnace operation for a wider
variety of feed cases using heat from flue gas that
would otherwise be vented to the atmosphere. [0056]
Saturated high pressure steam is taken from a steam
drum via line 96 to a high pressure steam heat
exchange coil 98 located in a convection zone beneath
high pressure boiler feed water heat exchange coil 86.
The heated superheated high pressure steam is directed
outside the convection section 18 via line 100 where
desuperheater water can be added to the heated
superheated high pressure steam via line 102
controlled by valve 104. The heated superheated high
pressure steam having a pressure of at least 4100 kPa
(600 psia) (or resulting mixture of steam and water)
can be directed via line 100 for additional heating to
a convection zone for secondary superheated high
pressure steam heater 106 located below the lower
intermediate convection zone tube bank 37 for heating.
The resulting heated superheated high pressure steam
is exported from the pyrolysis furnace via line 108.
[0057] TABLE 1 below illustrates the predicted
performance of a furnace having the convection zones,
vapor-liquid separator, and feed preheater/bottoms
cooler arrangement shown in the FIGURE described
above. The predicted performance is based upon a
computer simulation.TABLE 1 [0058] As can be shown
from the data in TABLE 1, as the feed becomes lighter,
the duty transferred to the feed by the vapor-liquid
separator bottoms heat exchanger or cooler is reduced,
permitting operation with a wide variety of feeds.
Water injection is necessary (and only to a minor
extent) in the case of the lightest feeds. Thus, the
present invention provides for a wide range of
hydrocarbonaceous feedstocks to be processed, such as
crude oils and atmospheric resids, while minimizing
the flow rate of water to the convection section,
thereby reducing the energy inefficiencies and
environmental treatment demands associated with the
addition of fluids such as water to the steam cracking
process. [0059] While the invention has been described
in connection with certain preferred embodiments so
that aspects thereof may be more fully understood and
appreciated, it is not intended to limit the invention
to these particular embodiments. On the contrary, it
isintended to cover all alternatives, modifications
and equivalents as may be included within the scope of
the invention as defined by the appended claims.CLAIMS
What is claimed is: 1. A process for cooling liquid
bottoms from a vapor-liquid separator used in
separating heated hydrocarbon feedstock that is to be
cracked, which comprises: i) indirectly heat
exchanging hot liquid bottoms with a cool hydrocarbon
feedstock to provide cooled liquid bottoms and
preheated hydrocarbon feedstock; and ii) directing at
least a portion of the preheated hydrocarbon feedstock
to a convection section inlet of a pyrolysis furnace
comprising a) a convection section having at least one



convection zone, and b) a radiant section. 2. The
process of claim 1 wherein the hot liquid bottoms
range from 200 C to 500 C, the cool hydrocarbon
feedstock contains resid and ranges from 20 C to 200
C, the cooled liquid bottoms range from 50 C to 350 C,
and the preheated hydrocarbon feedstock ranges from 50
C to 300 C. 3. The process of claim 1 which further
comprises: iii) introducing diluent steam to the
preheated hydrocarbon feedstock; and, optionally, iv)
introducing a liquid diluent to the preheated
hydrocarbon feedstock. 4. The process of claim 3
wherein the introduced liquid diluent is reduced as a
function of the extent to which the hydrocarbon
feedstock is preheated. 5. The process of claim 4
wherein the introduced liquid diluent is substituted
for the steam diluent in an amount sufficient to
maintain a substantially constant temperature in the
vapor-liquid separator. 6. The process of claim 1,
further comprising a process for cracking a
hydrocarbon feedstock that includes a nominal final
boiling point of at least 315C, in a pyrolysis furnace
comprising a convection section having at least one
convection zone, and a radiant section, the process
comprising: (a) introducing a preheated hydrocarbon
feedstock for further heating in a convection zone;
(b) mixing the preheated hydrocarbon feedstock with
dilution steam and, optionally, a dilution liquid to
form a mixture stream; (c) separating the mixture
stream in a vapor-liquid separator to form I) a vapor
phase and II) a liquid phase, relative to the heated
mixture stream;(d) removing the vapor phase as
overhead and the liquid phase as hot bottoms from the
vapor-liquid separator; (e) cooling the hot bottoms in
a heat exchanger outside the pyrolysis furnace by
indirect heat exchange with a hydrocarbon feedstock to
provide at least a portion of the preheated
hydrocarbon feedstock; (f) cracking the vapor phase in
the radiant section of a pyrolysis furnace to produce
an effluent comprising olefins; and (g) recovering
cracked product from the effluent comprising olefins.
7. The process of claim 6 wherein the mixture stream
is heated in an additional convection zone prior to
its introduction to the vapor-liquid separator. 8. The
process of claim 6 wherein the vapor phase is heated
in an additional convection zone prior to cracking. 9.
The process of claim 6 which further comprises
recycling a portion of the cooled liquid bottoms to
the vapor-liquid separator. 10. The process of claim 6
which further comprises at least one of: (h) heat
exchanging high pressure boiler feed water with hot
flue gas in a convection zone to provide preheated
high pressure boiler feed water; (i) heat exchanging
dilution steam with hot flue gas in a convection zone
to provide heated dilution steam; (j) optionally
adding desuperheater water to the heated dilution
steam; (k) adding the heated dilution steam and
optional desuperheater water to the mixture stream of
(b); (1) heat exchanging superheated high pressure
steam with hot flue gas in the convection section to
provide heated superheated high pressure steam; (m)
adding desuperheater water to the heated superheated
high pressure steam to provide a stream of superheated
high pressure steam at reduced temperature; and (n)
heat exchanging the stream of (m) with hot flue gas in
a convection zone to provide superheated high pressure
steam at a temperature suitable for export to a
header. 11. The process according to any of the
preceding claims wherein the liquid bottoms from the
vapor-liquid separation apparatus range from 250 C to
350 C, the cooled liquid bottoms 



range from 90 C to 260 C, the hydrocarbon feedstock
ranges from 70 C to 150 C, and the preheated
hydrocarbon feedstock ranges from 90 C to 200 C.12.
The process according to any of the preceding claims
wherein the dilution liquid is substituted for the
dilution steam in an amount sufficient to maintain a
substantially constant temperature in the vapor-liquid
separator. 13. An apparatus for cracking a preheated
hydrocarbon feedstock in a process according to any of
the preceding claims comprising a) a convection
section having at least one convection zone and b) a
radiant section, the apparatus comprising: (1) an
inlet for receiving preheated hydrocarbon feedstock;
(2) a convection zone for heating the preheated
hydrocarbon feedstock; (3) at least one inlet for
introducing steam, or steam and water, to the heated
hydrocarbon feedstock to form a mixture stream; (4) a
vapor-liquid separator for treating the mixture stream
to form I) a vapor phase and II) a liquid phase, the
separator further comprising an overhead outlet for
substantially removing the vapor phase as overhead and
a liquid outlet for substantially removing the liquid
phase as heated bottoms from the vapor-liquid
separator; (5) a heat exchanger, external to the
pyrolysis furnace, for cooling the vapor-liquid
separator bottoms by indirect heat exchange,
comprising an inlet for receiving heated bottoms from
the separator, an outlet for withdrawing cooled
bottoms, an inlet for receiving cool hydrocarbon
feedstock as a heat exchange medium to the heat
exchanger, and an outlet for withdrawing preheated
hydrocarbon feedstock; (6) a line for directing at
least a portion of the withdrawn preheated hydrocarbon
feedstock to the inlet for receiving preheated
hydrocarbon feedstock; and (7) a radiant section for
cracking the heated vapor phase to produce an effluent
comprising olefins. 14. The apparatus of claim 13
which further comprises at least one of: (8) a
convection zone for heating the mixture stream; (9) a
convection zone for heating the overhead to provide a
heated vapor phase; (10) a quench exchanger for
cooling the effluent comprising olefins; and ( 11) a
recovery train for recovering light olefins from the
effluent comprising olefins. 15. The apparatus of
claim 13 which further comprises at least one of: (12)
a heat exchanger for preheating high pressure boiler
feed water with hot flue gas in a convection zone to
provide preheated high pressure boiler feed water;
(13) a heat exchanger for heating dilution steam with
hot flue gas in a convection zone to provide heated
dilution steam;(14) an inlet for adding desuperheater
water to the heated dilution steam; (15) an inlet for
adding the heated dilution steam to the mixture stream
of (3); (16) an inlet for adding desuperheater water
to the mixture stream of (3); (17) a heat exchanger
for superheating high pressure steam with hot flue gas
in a convection zone to provide heated superheated
high pressure steam; (18) an inlet for adding
desuperheater water to the heated superheated high
pressure steam to provide a stream of superheated high
pressure steam at reduced temperature; and (19) a heat
exchanger for heating the mixture of heated
superheated high pressure steam and desuperheater
water with hot flue gas in a convection zone to
provide superheated high pressure steam at a
temperature suitable for export to a header. 


