
SUBSTITUTED 1,3-CYCLOPENTADIONE ATTENUATED ENDOTHELIAL
INFLAMMATION AND ENDOTHELIAL - MONOCYTE INTERACTIONS
CROSS-REFERENCE TO RELATED APPLICATIONS [001] This
patent application claims priority to U.S. provisional
application Ser. No. 61/041,631 filed on April 2,
2008, the contents of which are incorporated herein in
its entirety by reference. BACKGROUND OF THE INVENTION
[002] Field of the Invention [003] The present
invention relates generally to methods and
compositions that can be used to modulate inflammatory
pathways associated with endothelial function and
cardiovascular complications, including (1) TNFa
mediated VCAM-I, E selectin and MCP-I in endothelial
cells (HAEC) and (2) TNFa mediated
Monocyte-Endothelial interactions via protein kinase
modulation. More specifically, the invention relates
to methods and compositions that utilize substituted
1,3- cyclopentadione compounds. [004] Description of
the Related Art [005] Monocyte activation and adhesion
to the endothelium play critical roles in inflammatory
and cardiovascular diseases. The process is further
complicated by hyperglycemia leading to the
complications in diabetes. Both TNFa and hyperglycemia
activate many genes involved in the inflammatory
responses (Shanmugam N, Gae Gonzalo IT, Natarajan R.
Molecular mechanisms of high glucose-induced
cyclooxygenase-2 expression in monocytes. Diabetes.
53(3):795-802, 2004.). [006] MCP-I is a potent
chemoattractant for monocytes and plays pivotal role
in early atherogenesis by promoting monocyte
infiltration and adherence to the endothelium, leading
to the formation atherosclerotic plaque (Charo IF,
Taubman MB. Chemokines in the pathogenesis of vascular
disease. Circ Res. 29;95(9):858-66, 2004.). [007]
Matrix metalloproteinases (MMPs) are the primary
proteolytic enzymes in the extracellular space,
contributing to weakening of the plaque cap via their
ability to cleave the extracellular matrix (ECM)
(Nagase H, Visse R, Murphy G. Structure and function
of matrix metalloproteinases and TIMPs. Cardiovasc Res
2006;69:562-73.). Atherosclerotic plaque rupture,
causally related to the majority of acute coronary
syndromes, commonly occurs at sites ofcontinuous
inflammation and collagen degradation (Virmani R,
Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons
from sudden coronary death: a comprehensive
morphological classification scheme for
atherosclerotic lesions. Arterioscler Thromb Vase Biol
2000;20: 1262-75.). [008] Clinical and experimental
studies have implicated MMP-9 (gelatinase B) as a key
determinant of atherosclerotic plaque stability (Gough
PJ, Gomez IG, Wille PT, Raines EW. Macrophage
expression of active MMP-9 induces acute plaque
disruption in apoE-deficient mice. J Clin Invest 2006;
116:59-69.; Fukuda D, Shimada K, Tanaka A, Kusuyama T,
Yamashita H, Ehara S, et al. Comparison of levels of
serum matrix metalloproteinase-9 in patients with
acute myocardial infarction versus unstable angina
pectoris versus stable angina pectoris. Am J Cardiol
2006;97:175- 80. ; Blankenberg S, Rupprecht HJ,
Poirier O, Bickel C, Smieja M, Hafner G, et al. Plasma
concentrations and genetic variation of matrix
metalloproteinase 9 and prognosis of patients with
cardiovascular disease. Circulation 2003;
107:1579-85.). MMP-9 principally derives from
monocytes/ macrophages (Chase AJ, Bond M, Crook MF,
Newby AC. Role of nuclear factor kappa B activation in
metalloproteinase- 1, -3, and -9 secretion by human
macrophages in vitro and rabbit foam cells produced in
vivo. Arterioscler Thromb Vase Biol 2002;22:765-71.;
Stawowy P, Meyborg H, Stibenz D, Borges Pereira
Stawowy N, Roser M, Thanabalasingam U, et al.
Furin-like proprotein convertases are central
regulators of the membrane type matrix
metalloproteinasepromatrix metalloproteinase-2
proteolytic cascade in atherosclerosis. Circulation
2005 ;111:2820- 7.), the major cell type involved in
the initiation, progression and complications of
atherosclerosis. In MNCs MMP- 9 is strongly inducible
by a number of inflammatory mediators, including TNF-a
(Stawowy P, Meyborg H, Stibenz D, Borges Pereira
Stawowy N, Roser M, Thanabalasingam U, et al.
Furin-like proprotein convertases are central
regulators of the membrane type matrix
metalloproteinase-promatrix metalloproteinase-2
proteolytic cascade in atherosclerosis. Circulation
2005 ;1 11:2820-7.). [009] It has previously been
shown that the anti-inflammatory compounds such as
aspirin, glucocorticoids, and curcumin exert their
effects through the inhibition of NF-kB signaling 



pathways (Kopp E and Ghosh S. Inhibition of NF-kappa B
by sodium salicylate and aspirin. Science. 22: 270
(5244): 2017-9,1994.; De Bosscher K, Schmitz ML,
Vanden Berghe W, Plaisance S, Fiers W, Haegeman G.
Glucocorticoid-mediated repression of nuclear
factor-kappaB -dependent transcription involves direct
interference with transactivation. Proc Natl Acad Sci
U S A. 9;94(25):13504-9, 1997.; Pan MH, Lin-Shiau SY,
Ho CT, Lin JH, Lin JK. Suppression of
lipopolysaccharide-induced nuclear factor-kappaB
activity by theaflavin-3,3'-digallate from black tea
and other polyphenols through down-regulation of
IkappaB kinase activity in macrophages. Biochem
Pharmacol. 15;59(4):357-67, 2000.).[0010] Inflammatory
mediators, such as TNFa activate NFkB, which regulate
the expression of many genes involved in the
inflammatory responses such as proinflammatory
cytokines, adhesion molecules, chemokines including
monocyte chemotactic protein-1 (MCP-I) (Ueda A,
Ishigatsubo Y, Okubo T, Yoshimura T. Transcriptional
regulation of the human monocyte chemoattractant
protein-1 gene. Cooperation of two NF-kappaB sites and
NF-kappaB/Rel subunit specificity. J Biol Chem. 5;
272(49):31092-9, 1997.). It has been shown that
hyperglycemia activate inflammation through the
activation of PKC and NF-kB signaling pathways in
monocytes (Devaraj S, Venugopal SK, Singh U, Jialal I
. Hyperglycemia induces monocytic release of
interleukin-6 via induction of protein kinase
c-{alpha} and -{beta}.Diabetes. ;54(1):85-91, 2005.;
Shanmugam N, Gae Gonzalo IT, Natarajan R. Molecular
mechanisms of high glucose-induced cyclooxygenase-2
expression in monocytes. Diabetes. 53(3):795-802,
2004.) [0011] Reversible phosphorylation of proteins
regulates nearly all aspects of cell physiology.
Chronic dysregulation of specific kinases and
phosphatases exert their effects by altering the
normal phosphorylation state of intracellular
proteins, giving rise to a number of disorders
including cancers and inflammatory diseases. Hence,
protein kinases are a major therapeutic target. [0012]
The over-activation of specific kinases is
particularly associated with many diseases and as
expected, certain, targeted kinase inhibitors have
been shown to be efficacious in normalizing cellular
physiology and bringing about remission. For example,
imatinib (tyrosine kinase inhibitor) is effective in
the treatment of leukemia [Savage DG, N Eng J Med
2002]; erlotinib (Epidermal Growth Factor Receptor
inhibitor) for lung cancer (Reviewed in Expert Opin
Pharmacother, Gridelli, 2007); and ruboxistaurin
(PKC-beta II inhibitor) for reducing microvascular
complications for diabetic patients (Joy SV, et al.
Ruboxistaurin, a protein kinase C beta inhibitor, as
an emerging treatment for diabetes microvascular
complications. Ann Pharmacother. 39(10): 1693-9,
2005). [0013] Endothelial derived Nitric Oxide (NO) is
a key determinant of cardiovascular homeostasis
modulating vascular endothelial responsiveness and
thus regulating systemic blood pressure, vascular
remodeling and angiogenesis (Moncada S, Higgs A: The
L-Arginine-Nitric Oxide pathway. NEJM 1993;
329:2002-12). An important stimulus for the continuous
production of NO is viscous drag related to blood flow
across the endothelium. Endothelial NO synthase (eNOS)
is under direct regulation by the protein kinase Akt.
Shear stress and hyperglycemia through a series of
mediating kinases directly activation Akt. (Dimmeler
S, Fleming I, Fisslthaler B, Hermann C, Busse R,
Zeiher AM. Activation of nitric oxide synthase in
endothelial cells by Aktdependent phosphorylation.
Nature 1999;399:601-5). One of these kinases which
actually inhibit Akt is PKCb. PKCb is activated by
hyperglycemia. Hyperglycemia has been directly shown
to inhibit endothelial dependent vasodilation (Rammos
G, Peppes V, Zakopoulos N. Transient InsulinResistance
in Normal Subjects: Acute Hyperglycemia inhibits
Endothelial-Dependent Vasodilation in Normal Subjects.
Metabolic Syndrome and Related Disorders 2008;
6(3):159-170.). Roboxistaurin inhibits PKCb and thus
normalizes endothelial function as measured by Flow
Mediated Vasodilation (FMD) (Mehta NN, Sheetz M, Price
K, Comiskey L, Amrutia S, Iqbal N, Mohler ER, Reilly
MP. Selective PKC beta inhibition with roboxistaurin
and endothelial function in type-2 diabetes mellitus.
Cardiovasc Drugs Ther 2009;23(l): 17-24). FMD is a
non-invasive ultrasonographic technique for measuring
brachial artery flow physiology after an induced
hypoxemia (Corretti MC et al. Guidelines for the
Ultrasound Assessment of Endothelial-Dependent
Flow-Mediated Vasodilation of the Brachial Artery - A
Report of the International Brachial Artery Reactive
Task Force. J Am Coll Cardiol 2002; 39(2): 257-65).
[0014] Previously, we reported that several compounds
derived from hop cones, including humulones,
lupulones, isohumulones, and reduced isohumulones
(modified hop extract used as flavorings) potently
inhibit lipopolysaccharide (LPS) stimulated PGE2
formation in RAW 264.7 cells (Tripp M, Darland G,
Lerman R, Lukaczer D, Bland J, Babish J : Hop and
modified hop 



extracts have potent in vitro anti-inflammatory
properties. Acta Hort (ISHS) 2005, 668:217-228). Among
the most active are the substituted
1,3-cyclopentadione compounds derived from hops are
the tetrahydro-isoalpha acids, collectively denoted
herein as denoted Meta-060 or "THIAA. Meta- 060 is a
modified hop extract comprised of a mixture of three
related analogs, tetrahydro-iso - humulone,
-cohumulone, and -adhumulone at a ratio of 49:42:9.
META-060 inhibits LPS induced PGE2 production and
COX-2 expression by inhibiting the NFkB signaling
pathway in RAW 264.7 cells (Desai A, Konda VR, Darland
G, Austin M, Prabhu KS, Bland JS, et al. META060
inhibits multiple kinases in the NF-kB pathway and
suppresses LPS - mediated inflammation in vitro and ex
vivo. Inflamm Res 2009). [0015] Macrophage/monocyte
activation participates pivotally in the
pathophysiology of many chronic inflammatory diseases.
The role of inflammation at all stages of the
atherosclerotic process has become an active area of
investigation, and there is a need for novel and
innovative therapeutics to treat atherosclerosis. As
such, the inventors have ascertained the inhibitory
effects of Meta-060 on the NFkB pathway acting via
kinase inhibition against key kinases involved in NFkB
activation. Further, to assess specificity, the
efficacy of META-060 was assessed against 85 different
kinases. [0016] Additionally, the inventors report on
META-060' s ability to inhibit other inflammatory
markers under NFkB regulation and associated with
cardiovascular complications, including (1). TNFa
mediated VCAM-I, E selectin and MCP-I in endothelial
cells (HAEC) and (2). TNFa mediated
Monocyte-Endothelial interactions. SUMMARY OF THE
INVENTION[0017] The present invention relates
generally to methods and compositions that can be used
to modulate inflammatory pathways associated with
endothelial function and cardiovascular complications,
including (1) TNFa mediated VCAM-I, E selectin and
MCP-I in endothelial cells (HAEC) and (2) TNFa
mediated Monocyte-Endothelial interactions via protein
kinase modulation. More specifically, the invention
relates to methods and compositions that utilize
substituted 1,3- cyclopentadione compounds. [0018] A
first embodiment of the invention describes methods
for improving a cardiovascular risk factor in a
subject in need. The methods comprise treating the
subject with a therapeutically effective amount of a
substituted 1,3-cyclopentadione compound where said
amount modulates the expression of cardiovascular risk
factor associated marker gene expression. [0019] A
second embodiment of the invention describes methods
for promoting vascular elasticity in a subject in
need, where the method comprises treating the subject
with a therapeutically effective amount of a
substituted 1,3-cyclopentadione compound where said
amount increases vascular elasticity or dilation.
[0020] A third embodiment of the invention describes
compositions promoting cardiovascular health in a
subject. In this embodiment the compositions comprise
a therapeutically effective amount of a substituted
1,3-cyclopentadione compound wherein such amount (a)
modulates the expression of cardiovascular risk
associated marker gene expression; or (b) increases
vascular elasticity or dilation. BRIEF DESCRIPTION OF
THE DRAWINGS [0021] Figure 1 graphically depicts the
effects of substituted 1,3-cyclopentadione compound s
on kinase activity y for kinases regulating
inflammation and provides a showing of the specificity
of the substituted 1,3-cyclopentadione compounds via
Gini coefficient expression. [0022] Figure 2
graphically depicts the effects of substituted
1,3-cyclopentadione compounds on the inhibition of
selected endothelial inflammatory biomarkers. [0023]
Figure 3 graphically depicts the inhibitory effects of
substituted 1,3- cyclopentadione compounds on
endothelial-monocyte interactions. [0024] Figure 4
depicts META-060 inhibition of THP-I cell interactions
to HAEC cells. [0025] Figure 5 depicts META-060
inhibition of MCP-I expression in THP-I cells.[0026]
Figure 6 displays the inhibitory effect of META-060 on
TNFa and LPS mediated MMP-9 levels in THP-I cells.
Panels A & B depict the respective effects of TNFa and
LPS on MMP-9 levels while Panel C provides a zymograph
displaying the effects on MMP-9 expression. [0027]
Figure 7 graphically displays the inhibitory effects
of META-060 on LPS mediated NFkB binding in THP-I
cells. [0028] Figure 8 displays the inhibitory effects
of META-060 on TNFa activated genes in THP-I cells. 



DETAILED DESCRIPTION OF THE INVENTION [0029] The
present invention relates generally to methods and
compositions that can be used to modulate inflammatory
pathways associated with endothelial function and
cardiovascular complications, including (1) TNFa
mediated VCAM-I, E selectin and MCP-I in endothelial
cells (HAEC) and (2) TNFa mediated
Monocyte-Endothelial interactions via protein kinase
modulation. More specifically, the invention relates
to methods and compositions that utilize substituted
1,3- cyclopentadione compounds. [0030] The patents,
published applications, and scientific literature
referred to herein establish the knowledge of those
with skill in the art and are hereby incorporated by
reference in their entirety to the same extent as if
each was specifically and individually indicated to be
incorporated by reference. Any conflict between any
reference cited herein and the specific teachings of
this specification shall be resolved in favor of the
latter. Likewise, any conflict between an
art-understood definition of a word or phrase and a
definition of the word or phrase as specifically
taught in this specification shall be resolved in
favor of the latter. [0031] Technical and scientific
terms used herein have the meaning commonly understood
by one of skill in the art to which the present
invention pertains, unless otherwise defined.
Reference is made herein to various methodologies and
materials known to those of skill in the art. Standard
reference works setting forth the general principles
of recombinant DNA technology include Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory Press, New York (1989);
Kaufman et al., Eds., Handbook of Molecular and
Cellular Methods in Biology in Medicine, CRC Press,
Boca Raton (1995); McPherson, Ed., Directed
Mutagenesis: A Practical Approach, IRL Press, Oxford
(1991). Standard reference works setting forth the
general principles of pharmacology include Goodman and
Gilman's The Pharmacological Basis of Therapeutics,
11th Ed., McGraw Hill Companies Inc., New York (2006).
[0032] In the specification and the appended claims,
the singular forms include plural referents unless the
context clearly dictates otherwise. As used in this
specification, the singularforms "a," "an" and "the"
specifically also encompass the plural forms of the
terms to which they refer, unless the content clearly
dictates otherwise. Additionally, as used herein,
unless specifically indicated otherwise, the word "or"
is used in the "inclusive" sense of "and/or" and not
the "exclusive" sense of "either/or." The term "about"
is used herein to mean approximately, in the region
of, roughly, or around. When the term "about" is used
in conjunction with a numerical range, it modifies
that range by extending the boundaries above and below
the numerical values set forth. In general, the term
"about" is used herein to modify a numerical value
above and below the stated value by a variance of 20%.
[0033] As used herein, the recitation of a numerical
range for a variable is intended to convey that the
invention may be practiced with the variable equal to
any of the values within that range. Thus, for a
variable that is inherently discrete, the variable can
be equal to any integer value of the numerical range,
including the end-points of the range. Similarly, for
a variable that is inherently continuous, the variable
can be equal to any real value of the numerical range,
including the end-points of the range. As an example,
a variable that is described as having values between
0 and 2, can be 0, 1 or 2 for variables that are
inherently discrete, and can be 0.0, 0.1, 0.01, 0.001,
or any other real value for variables that are
inherently continuous. [0034] Reference is made
hereinafter in detail to specific embodiments of the
invention. While the invention will be described in
conjunction with these specific embodiments, it will
be understood that it is not intended to limit the
invention to such specific embodiments. On the
contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included
within the spirit and scope of the invention as
defined by the appended claims. In the following
description, numerous specific details are set forth
in order to provide a thorough understanding of the
present invention. The present invention may be
practiced without some or all of these specific
details. In other instances, well known process
operations have not been described in detail, in order
not to unnecessarily obscure the present invention.
[0035] Any suitable materials and/or methods known to
those of skill can be utilized in carrying out the
present invention. However, preferred materials and
methods are described. Materials, reagents and the
like to which reference are made in the following
description and examples are obtainable from
commercial sources, unless otherwise noted. [0036] A
first embodiment of the invention describes methods
for improving a 



cardiovascular risk factor in a subject in need. The
methods comprise treating the subject with a
therapeutically effective amount of a substituted
1,3-cyclopentadione compound where said amount
modulates the expression of cardiovascular risk factor
associated marker gene expression.[0037] In some
aspects of this embodiment, the substituted
1,3-cyclopentadione compound is selected from the
group comprising (+)-(4
,5S)-3,4-dihydroxy-2-(3-methylbutanoyl)-5-(3-
methylbutyl)-4-(4-methylpentanoyl)cyclopent-2-en-l-one
, (-)-(4S,5S)-3,4-dihydroxy-2-(3-
methylbutanoyl)-5-(3-methylbutyl)-4-(4-methylpentanoyl
)cyclopent-2-en-l-one, (+)-(4 ,5S)-3,4-
dihydroxy-5-(3-methylbutyl)-4-(4-methylpentanoyl)-2-(3
-methylpropanoyl)cyclopent-2-en-l-one, (-
)-(45,55)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-methylp
entanoyl)-2-(3-methylpropanoyl)cyclopent- 2-en-l-one,
(+)-(4
,5S)-3,4-dihydroxy-2-(2-methylbutanoyl)-5-(3-methylbut
yl)-4-(4- methylpentanoyl)cyclopent-2-en-l-one and
(+)-(4 ,5S)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-
methylpentanoyl)-2-petanoylcyclopent-2-en- 1-one.
[0038] In other aspects the cardiovascular risk
associated marker gene being modulated is selected
from the group consisting of TNFa, MCP-I, VCAM-I,
MMP-3, ICAMl and SDFl. [0039] In yet other aspects,
the method further comprises lifestyle modification or
pharmaceutical treatment wherein the lifestyle
modification or pharmaceutical treatment is selected
from the group consisting of blood pressure reduction,
cholesterol level modulation, diabetes treatment,
increased exercise, inflammation, obesity and weight
reduction, prothrombotic factors treatment, reduction
in serum homocysteine and lipoprotein (a), serum
triglyceride reduction, smoking cessation, and stress
reduction. [0040] As used herein, "improving a
cardiovascular risk factor" means stabilizing,
reducing or eliminating an identified cardiovascular
risk factor thereby promoting improved cardiovascular
health. Representative, non-limiting examples of
cardiovascular risk factors include tobacco usage,
elevated blood pressure, elevated serum total (and
LDL) cholesterol, diabetes, advancing age, obesity,
physical inactivity, family history of premature
cardiac heart disease, elevated serum triglycerides,
small LDL particles, elevated serum homocysteine or
lipoprotein (a), prothrombotic factors (e.g.,
fibrinogen), and inflammatory factors (e.g.,
C-reactive protein). [0041] The phrase "modulates the
expression of cardiovascular risk factor associated
marker gene expression" means the up or down
regulation of the expression of the gene, or it's
associated gene product production or activity.
Non-limiting representative examples of genes
identified or associated with various aspects of
cardiovascular risk factors include AQPl, B3GAT3,
BCL3, BTG2, C1ORF106, C1ORF38, C1ORF38, CACNAlA,
CCDC75, CCL2, CCL8, CCNDl, CD40, CD44, CD86, CLIP2,
DDX58, DKFZP434H1419, DSC3, EHDl, EIF2AK2, FAM105A,
FGD2, FKBP5, G3BP1, GPR153, HTR4, ICAMl, ICOSLG,
IFI44, IFI44L, IFIHl, IFITl, IFIT2, IFIT3, IGKC,
IGKV1-5, IKBKE, IKZFl, ILlORA, IL18RAP, ILlB, IL7R,
IRF7, ISG15, KIAA1731, KRT17, LHX, LIMD2, LTB,
MARCKSLl, MCP-I, MMP3, MMP14, MMP9, MXl, MX2, NA,
NABl, NAB2, N0D2, NPTXl, OASl, OAS2, OAS3, OASL,
PDE4B, PIP5K1B, PRKCH, PTGIR, PTPN14, RASA, RASA4,
RASSF4, REC8, RIN3, RSAD2, SAFB2, SAMD9,SDFl, SEMA4C,
SH3TC1, SH3TC, SIGLECl, SLAMF8, SLC16A3, SLC1A3,
SPIlO, SPIl, SPIB, SSPO, STATl, TAPl, TAPBP, THBD,
TNFa, TRAC, TRIM22, UBE2B, UBQLN4, UBQLN4P, UST,
VCAMl, XAFl, ZFP2, ZMIZ2 , and ZNF710. [0042] In some
aspects, the lifestyle modification or pharmaceutical
treatment is selected from the group consisting of
blood pressure reduction, cholesterol level
modulation, diabetes treatment, increased exercise,
inflammation, obesity and weight reduction,
prothrombotic factors treatment, reduction in serum
homocysteine and lipoprotein (a), serum triglyceride
reduction, smoking cessation, and stress reduction.
[0043] As used herein, the phrase "lifestyle
modification" means those activities which an
individual may undertake to improve cardiovascular
risk factors absent or in conjunction with a
pharmaceutical treatment. Representative examples of
lifestyle modification include, without limitation,
diet modifications for weight reduction, blood
pressure or cholesterol control; increased exercise
for stress relief or weight reduction; or smoking
cessation. "Pharmaceutical treatment", as used herein,
refers to those agents obtained or prescribed by a
health care provider which may be used in lieu of, or
in conjunction with, lifestyle modifications to
promote improved cardiovascular risk factors. [0044]
As used in this specification, whether in a
transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising" are to be
interpreted as having an open-ended meaning. That is,
the terms are to be interpreted synonymously with the
phrases "having at least" or 



"including at least". When used in the context of a
process, the term "comprising" means that the process
includes at least the recited steps, but may include
additional steps. When used in the context of a
compound or composition, the term "comprising" means
that the compound or composition includes at least the
recited features or compounds, but may also include
additional features or compounds. [0045] As used
herein, the terms "derivatives" or a matter "derived"
refer to a chemical substance related structurally to
another substance and theoretically obtainable from
it, i.e. a substance that can be made from another
substance. Derivatives can include compounds obtained
via a chemical reaction. [0046] The term
"pharmaceutically acceptable" is used in the sense of
being compatible with the other ingredients of the
compositions and not deleterious to the recipient
thereof. [0047] As used herein,
"tetrahydro-isohumulone" shall refer to the cis and
trans forms of (+)-(4
,55)-3,4-dihydroxy-2-(3-methylbutanoyl)-5-(3-methylbut
yl)-4-(4- methylpentanoyl)cyclopent-2-en-l-one and
(-)-(45,55)-3,4-dihydroxy-2-(3-methylbutanoyl)-5-(3-
methylbutyl)-4-(4-methylpentanoyl)cyclopent-2-en-
1-one respectively.[0048] "Tetrahydro-isocohumulone",
as used herein refers to the cis and trans forms of
(+)- (4
,55)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-methylpentan
oyl)-2-(3-methylpropanoyl)cyclopent- 2-en-l-one and
(-)-(45,55)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-methy
lpentanoyl)-2-(3- methylpropanoyl)cyclopent-2-en-
1-one respectively. [0049] "Tetrahydro-adhumulone"
shall be used herein to refer to the cis and trans
forms of (+)-(4
,5S)-3,4-dihydroxy-2-(2-methylbutanoyl)-5-(3-methylbut
yl)-4-(4- methylpentanoyl)cyclopent-2-en-l-one and
(+)-(4 ,5S)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-
methylpentanoyl)-2-petanoylcyclopent-2-en- 1-one
respectively. [0050] As used herein,
"tetrahydro-isoalpha acid" (see Table 1) or "MetaO O"
refers to any mixture of one or more of
tetrahydro-adhumulone, tetrahydro-isocohumulone and
tetrahydroisohumulone.Table 1 Tetrahydroisoalpha
acids[0051] As used herein, "compounds" may be
identified either by their chemical structure,
chemical name, or common name. When the chemical
structure and chemical or common name conflict, the
chemical structure is determinative of the identity of
the compound. The compounds described herein may
contain one or more chiral centers and/or double bonds
and therefore, may exist as stereoisomers, such as
double-bond isomers (i.e., geometric isomers),
enantiomers or diastereomers. Accordingly, the
chemical structures depicted herein encompass all
possible enantiomers and stereoisomers of the
illustrated or identified compounds including the
stereoisomerically pure form (e.g., geometrically
pure, enantiomerically pure or diastereomerically
pure) and enantiomeric and stereoisomeric mixtures.
Enantiomeric and stereoisomeric mixtures can be
resolved into their component enantiomers or
stereoisomers using separation techniques or chiral
synthesis techniques well known to the skilled
artisan. The compounds may also exist in several
tautomeric forms including the enol form, the keto
form and mixtures thereof. Accordingly, the chemical
structures depicted herein encompass all possible
tautomeric forms of the illustrated or identified
compounds. The compounds described also encompass
isotopically labeled compounds where one or more atoms
have an atomic mass different from the atomic mass
conventionally found in nature. Examples of isotopes
that may be incorporated into the compounds of the
invention include, but are not limited to, 2H, 3H,
13C, 14C, 15N, 18O, 17O, etc. Compounds may exist in
unsolvated forms as well as solvated forms, including
hydrated forms and as N-oxides. In general, compounds
may be hydrated, solvated or N-oxides. Certain
compounds may exist in multiplecrystalline or
amorphous forms. Also contemplated within the scope of
the invention are congeners, analogs, hydrolysis
products, metabolites and precursor or prodrugs of the
compound. In general, unless otherwise indicated, all
physical forms are equivalent for the uses
contemplated herein and are intended to be within the
scope of the present invention. [0052] Compounds
according to the invention may be present as salts. In
particular, pharmaceutically acceptable salts of the
compounds are contemplated. A "pharmaceutically
acceptable salt" of the invention is a combination of
a compound of the invention and either an acid or a
base that forms a salt (such as, for example, the
magnesium salt, denoted herein as "Mg" or "Mag") with
the compound and is tolerated by a subject under
therapeutic conditions. In general, a pharmaceutically
acceptable salt of a compound of the invention will
have a therapeutic index (the ratio of the lowest
toxic dose to the lowest therapeutically effective
dose) of 1 or greater. The person skilled in the art
will recognize that the lowest therapeutically
effective dose will vary from subject to subject and
from indication to indication, and will thus adjust
accordingly. 



[0053] A second embodiment of the invention describes
methods for promoting vascular elasticity in a subject
in need, the method comprising treating the subject
with a therapeutically effective amount of a
substituted 1,3-cyclopentadione compound wherein said
amount increases vascular elasticity or dilation. In
some aspects of this embodiment the substituted 1,3-
cyclopentadione compound is selected from the group
comprising (+)-(4 ,55)-3,4-dihydroxy-2-(3-
methylbutanoyl)-5-(3-methylbutyl)-4-(4-methylpentanoyl
)cyclopent-2-en-l-one, (-)-(45,55)-3,4-
dihydroxy-2-(3-methylbutanoyl)-5-(3-methylbutyl)-4-(4-
methylpentanoyl)cyclopent-2-en-l-one, (+)-(4
,55)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-methylpentan
oyl)-2-(3- methylpropanoyl)cyclopent-2-en-l-one,
(-)-(45,55)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-
methylpentanoyl)-2-(3-methylpropanoyl)cyclopent-2-en-l
-one, (+)-(4 ,55)-3,4-dihydroxy-2-(2-
methylbutanoyl)-5-(3-methylbutyl)-4-(4-methylpentanoyl
)cyclopent-2-en- 1-one and (+)-(4R,5S)-
3,4-dihydroxy-5-(3-methylbutyl)-4-(4-methylpentanoyl)-
2-petanoylcyclopent-2-en-l-one. [0054] Another
embodiment describes a composition for promoting
cardiovascular health in a subject in need, where the
composition comprises a therapeutically effective
amount of a substituted 1,3-cyclopentadione compound
wherein said amount (a) modulates the expression of
cardiovascular risk associated marker gene expression;
or (b) increases vascular elasticity or dilation.
[0055] In some aspects, the substituted
1,3-cyclopentadione compound is selected from the
group comprising (+)-(4
,55)-3,4-dihydroxy-2-(3-methylbutanoyl)-5-(3-methylbut
yl)-4-(4- methylpentanoyl)cyclopent-2-en-l-one,
(-)-(45,55)-3,4-dihydroxy-2-(3-methylbutanoyl)-5-(3-
methylbutyl)-4-(4-methylpentanoyl)cyclopent-2-en-l-one
, (+)-(4 ,55)-3,4-dihydroxy-5-(3-
methylbutyl)-4-(4-methylpentanoyl)-2-(3-methylpropanoy
l)cyclopent-2-en-l-one,
(-)-(45,55)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-methy
lpentanoyl)-2-(3-methylpropanoyl)cyclopent-2-en-l-one,
(+)-(4
,5S)-3,4-dihydroxy-2-(2-methylbutanoyl)-5-(3-methylbut
yl)-4-(4- methylpentanoyl)cyclopent-2-en-l-one and
(+)-(4 ,5S)-3,4-dihydroxy-5-(3-methylbutyl)-4-(4-
methylpentanoyl)-2-petanoylcyclopent-2-en- 1-one.
[0056] In yet other aspects of this embodiment the
composition further comprises a pharmaceutically
acceptable excipient wherein the pharmaceutically
acceptable excipient is selected from the group
consisting of coatings, isotonic and absorption
delaying agents, binders, adhesives, lubricants,
disintergrants, coloring agents, flavoring agents,
sweetening agents, absorbants, detergents, and
emulsifying agents. Additionally, in other aspects the
composition further comprises one or more members
selected from the group consisting of antioxidants,
vitamins, minerals, proteins, fats, and carbohydrates.
[0057] In other aspects of this embodiment, the
substituted 1,3-cyclopentadione compound utilized in
the composition is greater than 50% pure, preferably
greater than 75% pure, more preferably greater than
90% pure and most preferably greater than 95% pure for
the identified stereoisomer (the remaining amount
being the alternative isomeric form). In some aspects
the composition comprises from about 50 mg to 10,000
mg, preferably 100 mg to 8,000 mg, or most preferably
150 mg to 6,000 mg of the substituted
1,3-cyclopentadione compound per dosage. [0058] The
compounds according to the invention are optionally
formulated in a pharmaceutically acceptable vehicle
with any of the well known pharmaceutically acceptable
carriers, including diluents and excipients [see
Remington's Pharmaceutical Sciences, 18th Ed.,
Gennaro, Mack Publishing Co., Easton, PA 1990 and
Remington: The Science and Practice of Pharmacy,
Lippincott, Williams & Wilkins, 1995]. While the type
of pharmaceutically acceptable carrier/vehicle
employed in generating the compositions of the
invention will vary depending upon the mode of
administration of the composition to a mammal,
generally pharmaceutically acceptable carriers are
physiologically inert and non-toxic. Formulations of
compositions according to the invention may contain
more than one type of compound of the invention), as
well as any other pharmacologically active ingredient
useful for the treatment of the symptom/condition
being treated. [0059] The compounds of the present
invention may be provided in a pharmaceutically
acceptable vehicle using formulation methods known to
those of ordinary skill in the art. The compositions
of the invention can be administered by standard
routes, though preferably administration is by
inhalation routes. The compositions of the invention
include those suitable for oral, inhalation, rectal,
ophthalmic (including intravitreal or intracameral),
nasal, topical (including buccal and sublingual),
vaginal, or parenteral (including subcutaneous,
intramuscular, intravenous, intradermal, and
intratracheal). In addition, polymers may be added
according to standard 



methodologies in the art for sustained release of a
given compound.[0060] Formulations suitable for
administration by inhalation include formulations that
can be dispensed by inhalation devices known to those
in the art. Such formulations may include carriers
such as powders and aerosols. The present invention
encompasses liquid and powdered compositions suitable
for nebulization and intrabronchial use, or aerosol
compositions administered via an aerosol unit
dispensing metered doses ("MDI").The active ingredient
may be formulated in an aqueous pharmaceutically
acceptable inhalant vehicle, such as, for example,
isotonic saline or bacteriostatic water and other
types of vehicles that are well known in the art. The
solutions are administered by means of a pump or
squeeze-actuated nebulized spray dispenser, or by any
other conventional means for causing or enabling the
requisite dosage amount of the liquid composition to
be inhaled into the patient's lungs. Powder
compositions containing the anti-inflammatory
compounds of the present invention include, by way of
illustration, pharmaceutically acceptable powdered
preparations of the active ingredient thoroughly
intermixed with lactose or other inert powders
acceptable for intrabronchial administration. The
powder compositions can be administered via a
dispenser, including, but not limited to, an aerosol
dispenser or encased in a breakable capsule which may
be inserted by the patient into a device that
punctures the capsule and blows the powder out in a
steady stream. Aerosol formulations for use in the
subject method typically include propellants,
surfactants, and co-solvents and may be filled into
conventional aerosol containers that are closed by a
suitable metering valve. [0061] Formulations of
compositions of the present invention suitable for
nasal administration, wherein the carrier is a solid,
include a coarse powder having a particle size, for
example, in the range of 20 to 500 microns which is
administered in the manner in which snuff is
administered, i.e., by rapid inhalation through the
nasal passage from a container of the powder held
close up to the nose. Suitable formulations, wherein
the carrier is a liquid, for administration, for
example via a nasal spray, aerosol, or as nasal drops,
include aqueous or oily solutions of the compound of
the invention. [0062] For oral administration, the
compositions of the invention may be presented as
discrete units such as capsules, caplets, gelcaps,
cachets, pills, or tablets each containing a
predetermined amount of the active ingredient as a
powder or granules; as a solution or a suspension in
an aqueous liquid or a non-aqueous liquid; or as an
oil-in-water liquid emulsion or a water-in-oil
emulsion and as a bolus, etc. Alternately,
administration of a composition of all of the aspects
of the present invention may be effected by liquid
solutions, suspensions or elixirs, powders, lozenges,
micronized particles and osmotic delivery systems.
[0063] Formulations of compositions according to the
aspects of the present invention suitable for
parenteral administration include aqueous and
non-aqueous sterile injection solutions which may
contain antioxidants, stabilizers, buffers,
bacteriostats and solutes which render theformulation
isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The
formulations may be presented in unit-dose or
multi-dose containers, for example, sealed ampules and
vials, and may be stored in a freeze-dried
(lyophilized) conditions requiring only the addition
of the sterile liquid carrier, for example, water for
injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared
from sterile powders, granules and tablets of the kind
previously described. [0064] A tablet may be made by
compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be
prepared by compressing, in a suitable machine, the
active ingredient in a free-flowing form such as a
powder or granules, optionally mixed with a binder,
lubricant, inert diluent, preservative, surface active
or dispersing agent. Molded tablets may be made by
molding, in a suitable machine, a mixture of the
powdered compound moistened with an inert liquid
diluent. The tablets may be optionally coated or
scored and may be formulated to provide a slow or
controlled release of the active ingredient therein.
[0065] Formulations of compositions of the present
invention for rectal administration may be prepared as
a suppository with a suitable base comprising, such
as, for example, cocoa butter. [0066] Formulations of
compositions of the present invention suitable for
topical administration in the mouth include lozenges
comprising the ingredients in a flavored basis,
usually sucrose and acacia or tragacanth; pastilles
comprising the active ingredient in an inert basis
such as gelatin and glycerin, or sucrose and acacia;
and mouthwashes comprising the ingredient to be
administered in a suitable liquid carrier.
Formulations of compositions of the present invention 



suitable for topical administration to the skin may be
presented as ointments, creams, gels, lotions and
pastes comprising the ingredient to be administered in
a pharmaceutical acceptable carrier. A topical
delivery system contemplated is a transdermal patch
containing the ingredient to be administered. [0067]
Formulations of compositions according to the aspects
of the present invention suitable for vaginal
administration may be presented as pessaries,
suppositories, tampons, creams, gels, pastes, foams or
spray formulations containing in addition to the
compound of the invention such pharmaceutically
acceptable carriers as are known in the art to be
appropriate. [0068] The term "modulate" or
"modulation" is used herein to mean the up or down
regulation of expression or activity of the gene by a
compound, ingredient, etc. , to which it refers.
[0069] As used herein, the term "protein kinase"
represents transferase class enzymes that are able to
transfer a phosphate group from a donor molecule to an
amino acid residue of a protein. See Kostich, M., et
al, Human Members of the Eukaryotic Protein Kinase
Family, Genome Biology3(9):research0043. 1-0043. 12,
2002 herein incorporated by reference in its entirety,
for a detailed discussion of protein kinases and
family/group nomenclature. [0070] The methods and
compositions of the present invention are intended for
use with any mammal that may experience the benefits
of the methods of the invention. Foremost among such
mammals are humans, although the invention is not
intended to be so limited, and is applicable to
veterinary uses. Thus, in accordance with the
invention, "mammals" or "mammal in need" include
humans as well as non-human mammals, particularly
domesticated animals including, without limitation,
cats, dogs, and horses. [0071] As used herein, by
"treating" is meant reducing, preventing, and/or
reversing the symptoms in the individual to which a
compound of the invention has been administered, as
compared to the symptoms of an individual not being
treated according to the invention. A practitioner
will appreciate that the compounds, compositions, and
methods described herein are to be used in
concomitance with continuous clinical evaluations by a
skilled practitioner (physician or veterinarian) to
determine subsequent therapy. Hence, following
treatment the practitioners will evaluate any
improvement in reducing cardiovascular risk factors or
associated dyregularities according to standard
methodologies. Such evaluation will aid and inform in
evaluating whether to increase, reduce or continue a
particular treatment dose, mode of administration,
etc. [0072] It will be understood that the subject to
which a compound of the invention is administered need
not suffer from a specific traumatic state. Indeed,
the compounds of the invention may be administered
prophylactically, prior to any development of
symptoms. The term "therapeutic," "therapeutically,"
and permutations of these terms are used to encompass
therapeutic, palliative as well as prophylactic uses.
Hence, as used herein, by "treating or alleviating the
symptoms" is meant reducing, preventing, and/or
reversing the symptoms of the individual to which a
compound of the invention has been administered, as
compared to the symptoms of an individual receiving no
such administration. [0073] The term "therapeutically
effective amount" is used to denote treatments at
dosages effective to achieve the therapeutic result
sought. Furthermore, one of skill will appreciate that
the therapeutically effective amount of the compound
of the invention may be lowered or increased by fine
tuning and/or by administering more than one compound
of the invention, or by administering a compound of
the invention with another compound. See, for example,
Meiner, C.L., "Clinical Trials: Design, Conduct, and
Analysis," Monographs in Epidemiology and
Biostatistics, Vol. 8 Oxford University Press, USA
(1986). The invention therefore provides a method to
tailor the administration/treatment to the particular
exigencies specific to a given mammal. As illustrated
in the following examples, therapeutically effective
amounts may be easily determined for
exampleempirically by starting at relatively low
amounts and by step-wise increments with concurrent
evaluation of beneficial effect. [0074] It will be
appreciated by those of skill in the art that the
number of administrations of the compounds according
to the invention will vary from patient to patient
based on the particular medical status of that patient
at any given time including other clinical factors
such as age, weight and condition of the mammal and
the route of administration chosen. [0075] As used
herein, "symptom" denotes any sensation or change in
bodily function that is experienced by a patient and
is associated with a particular disease, i.e.,
anything that accompanies "X" and is regarded as an
indication of "X'"s existence. It is recognized and
understood that symptoms will vary from disease to
disease or condition to condition. By way of 



non-limiting examples, symptoms associated with
autoimmune disorders include fatigue, dizziness,
malaise, increase in size of an organ or tissue (for
example, thyroid enlargement in Grave's Disease), or
destruction of an organ or tissue resulting in
decreased functioning of an organ or tissue (for
example, the islet cells of the pancreas are destroyed
in diabetes). [0076] "Inflammation" or "inflammatory
condition" as used herein refers to a local response
to cellular injury that is marked by capillary
dilatation, leukocytic infiltration, redness, heat,
pain, swelling, and often loss of function and that
serves as a mechanism initiating the elimination of
noxious agents and of damaged tissue. Representative
symptoms of inflammation or an inflammatory condition
include, if confined to a joint, redness, swollen
joint that's warm to touch, joint pain and stiffness,
and loss of joint function. Systemic inflammatory
responses can produce "flu-like" symptoms, such as,
for instance, fever, chills, fatigue/loss of energy,
headaches, loss of appetite, and muscle stiffness.
[0077] The following examples are intended to further
illustrate certain preferred embodiments of the
invention and are not limiting in nature. Those
skilled in the art will recognize, or be able to
ascertain, using no more than routine experimentation,
numerous equivalents to the specific substances and
procedures described herein. EXAMPLES Example 1 [0078]
The purpose of this Example was to determine the
effects of substituted 1,3- cyclopentadione compounds
on protein kinase activity, especially that associated
with the expression of selected cardiovascular risk
associated markers and, additionally, on monocyte -
endothelial cell interactions.[0079] The inhibition
ofMETA-060 on in vitro kinase activity: In a final
reaction volume of 25ml the kinase of interest (5-10
mU) was incubated with the specific buffer and peptide
substrate, 10 rnM MgAcetate and [g-33P-ATP]. The
reaction was initiated by the addition of the MgATP
mix. After incubation for 40 minutes at room
temperature, the reaction was stopped by the addition
of 5ml of a 3% phosphoric acid solution. 10ml of the
reaction was then spotted onto a P30 filtermat and
washed three times for 5 minutes in 50 mM phosphoric
acid and once in methanol prior to drying and
scintillation counting. [0080] The inhibition of
META-060 on TNFa induced VCAMl, E-selectin and MCP-I
in HAEC cells. HAEC cells were pre-incubated with
various concentrations of META-060 (10, 5 and 1 mg/ml)
for 1 hr and stimulated with TNFa (10ng/ml) for 8 hrs.
VCAM-/E-Selectin levels were measured by cell based
ELISA method using antibodies for VCAM-I and
E-selectin and fold induction was calculated over
unstimulated (control) cells. For MCP-I, the cell
media were measured using human MCP-I immunoassay kits
(R&D Systems). Data represent Mean + SD of 8
individual samples. [0081] The inhibition of META-060
on TNFa induced Monocyte-Endothelial interactions: The
adhesion of fluorescently labeled human monocytic
(THP-I) cells to confluent monolayers of HAECs was
measured by using a microplate-based assay. HAEC or
THP-I cells were pre-incubated with META-060 (10mg/ml)
and Parthenolide (1OmM) for lhr and stimulated with
TNFa (lOng/ml) for 8 hrs. THP-I cells were labeled
with the fluorescent dye BCECF-AM (l mmM final
concentration; Sigma) in HBSS medium for 30 min at 4C.
Then cells were washed twice with (37C) HBSS medium
and resupended in EGM2 medium. 100,000 THP-I cells
were added to each well (96 well plate) and incubated
for 30 min. Unbound THP-lcells were washed twice with
PBS by centrifugation by putting plate upside down
with seal. Standard curve for BCECF-AM labeled THP-I
cells were generated. 200 ml of PBS were added to each
well, and fluorescence was measured using Vector2
(Perkin Elmer) fluorescent plate reader (excitation:
485 nm; emission: 535 nm). THP-I stimulation (A).
THP-I cells without stimulation, (B). THP-I cell with
TNFa, (C) THP-I cells with parthenolide (lOug/ml) and
TNFa (D) THP-I cells with META-060 (lOug/ml) and TNFa.
Data represent Mean +SD of 6 individual samples.
[0082] Results - The results are presented in Figures
1 - 3 and Table 2 below. Table 2. Gini Coefficients
and Hit Rate (>50% Inhibition) for 40 inhibitors
against 85 Kinases (see Supporting Information) at 10
i'M(GlO)FUEL AND FUEL BLENDING COMPONENTS FROM BIOMASS
DERIVED PYROLYSIS OIL BACKGROUND OF THE INVENTION 



[0001] This invention relates to processes for
obtaining hydrocarbons from biomass. More
particularly, this invention relates to the treatment
of pyrolysis oil produced from the pyrolysis of
biomass to produce fuel or fuel blending or additive
components. The fuel or fuel additives or blending
components may include those in the gasoline boiling
point range, the diesel boiling point range, and the
aviation boiling point range. [0002] Renewable energy
sources are of increasing importance. They are a means
of reducing dependence on petroleum oil and provide a
substitute for fossil fuels. Also, renewable resources
can provide for basic chemical constituents to be used
in other industries, such as chemical monomers for the
making of plastics. Biomass is a renewable resource
that can provide some of the needs for sources of
chemicals and fuels. [0003] Biomass includes, but is
not limited to, lignin, plant parts, fruits,
vegetables, plant processing waste, wood chips, chaff,
grain, grasses, corn, corn husks, weeds, aquatic
plants, hay, paper, paper products, recycled paper and
paper products, and any cellulose containing
biological material or material of biological origin.
Lignocellulosic biomass, or cellulosic biomass as used
throughout the remainder of this document, consists of
the three principle biopolymers cellulose,
hemicellulose, and lignin. The ratio of these three
components varies depending on the biomass source.
Cellulosic biomass might also contain lipids, ash, and
protein in varying amounts. The economics for
converting biomass to fuels or chemicals depend on the
ability to produce large amounts of biomass on
marginal land, or in a water environment where there
are few or no other significantly competing economic
uses of that land or water environment. The economics
can also depend on the disposal of biomass that would
normally be placed in a landfill. [0004] The growing,
harvesting and processing of biomass in a water
environment provides a space where there is plenty of
sunlight and nutrients while not detracting from more
productive alternate uses. Biomass is also generated
in many everyday processes as a waste product, such as
waste material from crops. In addition, biomass
contributes to theremoval of carbon dioxide from the
atmosphere as the biomass grows. The use of biomass
can be one process for recycling atmospheric carbon
while producing fuels and chemical precursors. Biomass
when heated in an environment at short contact times
with low or no oxygen, termed pyrolysis, will generate
a liquid product known as pyrolysis oil. Synonyms for
pyrolysis oil include bio-oil, pyrolysis liquids,
bio-crude oil, wood liquids, wood oil, liquid smoke,
wood distillates, pyroligneous acid, and liquid wood.
[0005] The product of the biomass pyrolysis, the
pyrolysis oil, contains what is known as pyrolytic
lignin. Pyrolytic lignin is the water insoluble
portion of the pyrolysis oil. An advantage of the
process is that the pyrolysis oil may be optionally
processed without prior separation of the pyrolytic
lignin to produce fuel blending components or fuels
that work with engines or devices that are currently
distributed around the world without requiring
upgrades to those engines. SUMMARY OF THE INVENTION
[0006] The invention provides a process for producing
high yields of naphtha, aviation, and or diesel fuel,
blending components, or related products from biomass.
The biomass undergoes pyrolysis to generate pyrolysis
oil. The whole pyrolysis oil may be processed or
optionally at least a portion of the aqueous phase may
be removed to provide a pyrolytic lignin enriched
pyrolysis oil generated from biomass. The pyrolysis
oil, or a pyrolytic lignin enriched pyrolysis oil, is
treated in a partial deoxygenation zone generating a
partially deoxygenated stream. Water, gasses, and
light ends are removed and the remainder of the
partially deoxygenated stream is further treated in a
full deoxygenation zone to produce a deoxygenated
product stream. The deoxygenated product stream
comprises hydrocarbon compounds that when fractionated
are useful as gasoline and naphtha, aviation fuel, or
as additives to, or blending components of, one or
both products. The product stream can also be upgraded
to produce a diesel fuel, blending component, or
additive. Furthermore, the product stream can serve as
a source of chemicals or chemical feedstocks. [0007]
After the full deoxygenation zone, water light ends,
and gasses may be removed from the effluent of the
full deoxygenation zone. Hydrogen may be separated and
recycled. In one embodiment the first and full
deoxygenation zones are combined and housed within in
a single reactor.BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] FIG. 1 shows a process flow scheme for one
embodiment of the invention where the whole pyrolysis
oil is processed. [0009] FIG. 2 shows a process flow
scheme for one embodiment of the invention where at
least a portion of the aqueous phase of the pyrolysis
oil is separated from the pyrolysis oil, and at least
the pyrolytic lignin is processed. [0010] FIG. 3 shows
a process flow scheme for one embodiment of the
invention where the partial deoxygenation zone and the
full deoxygenation zone are combined as sequential
zones housed within in a single reactor. [0011] FIG. 4
is a plot of the boiling point distribution of several
fully deoxygenated pyrolysis oils which shows the
hydrocarbon products produced have a wide boiling
point range with significant fractions in the range
for each fuel. DETAILED DESCRIPTION OF THE INVENTION
[0012] In the U.S. and worldwide, there are huge
amounts of lignocellulosic material, or biomass, which
is not utilized, but is left to decay, often in a
landfill, or just in an open field or forest. The
material includes large amounts of wood waste
products, and leaves and stalks of crops or other
plant material that is regularly discarded and left to
decay in fields. The emergence of inedible
lipid-bearing crops for the production of renewable
diesel will also produce increased amounts of biomass
post extraction, often known as meal. Growth of
cellulosic ethanol will also produce large amounts of
a lignin side product. Biomass includes, but is not
limited to, lignin, plant parts, fruits, vegetables,
plant processing waste, wood chips, chaff, grain,
grasses, corn, corn husks, weeds, aquatic plants, hay,
meal, paper, paper products, recycled paper and paper
products, and any cellulose containing biological
material or material of biological origin. This
biomass material can be pyrolyzed to make a pyrolysis
oil, but due to poor thermal stability, the high water
content of the pyrolysis oil, often greater than 25%,
high total acid number often greater than 100, low
heating value, and phase incompatibility with
petroleum based materials, pyrolysis oil has not found
wide use as a fuel. [0013] This process substantially
converts the pyrolysis oil from biomass into naphtha,
aviation, and diesel boiling range components, having
low acidity, low water, low oxygen, and low sulfur
content. The pyrolysis of the biomass to form the
pyrolysis oil is achieved byany technique known in the
art, see for example, Mohan, D.; Pittman, C. U.;
Steele, P. H. Energy and Fuels, 2006, 20, 848-889.
Once the pyrolysis oil is generated from the biomass,
although optional, it is not necessary to separate the
pyrolytic lignin from the pyrolysis oil before further
processing, thereby eliminating a step previously
employed in industry. The whole pyrolysis oil may be
processed, without a portion of the aqueous phase
being removed to enrich the pyrolysis oil in the
pyrolytic lignin. The pyrolytic ligin contains
potentially high value products in the form of
aromatic and naphthenic compounds having complex
structures that comprises aromatic rings that are
linked by oxygen atoms or carbon atoms. These
structures can be broken into smaller segments when
decarboxylated, decarbonylated, or hydrodeoxygenated,
while maintaining the aromatic ring structures. One
desired product is at least one cyclic
hydrocarbon-rich stream. However, this processing of
the pyrolytic ligin may be accomplished in the
presence of the rest of the pyrolysis oil and no
separation of the pyrolytic ligin before processing is
required. Pyrolytic lignin is a pyrolysis product of
the lignin portion of biomass. It can be separated
from the rest of the whole pyrolysis oil during the
pyrolysis process or through post-processing to
produce an additional aqueous phase, which includes
pyrolysis products primarily from the cellulose and
hemicellulose portion of the biomass. The pyrolysis
process can convert all components in the biomass
feedstock into products useful as fuels or fuel
components after full deoxygenation of the pyrolysis
oil product. The water soluble components can also be
transformed to naphthenes and aromatics under
pyrolysis conditions. The production of heavier
molecular weight products is known from steam cracking
technology to produce light olefins, also run under
pyrolysis conditions. Even feeds such as ethane,
propane, and light naphtha produce heavier side
products in these thermal cracking processes. The
amount of these heavier products depends on the
conditions of the thermal cracking reactor.
Optionally, the pyrolysis oil may be separated and
only a portion of the pyrolysis oil be introduced to
the partial deoxygenation zone. [0014] In one
embodiment the pyrolysis oil is fully deoxygenated in
two separate zones, a partial deoxygenation zone and a
full deoxygenation zone. The partial deoxygenation
zone 



may also be considered to be a hydrotreating zone and
the full deoxygenation zone may be considered to be a
hydrocracking zone. "Full" deoxygenation is meant to
include deoxygenating at least 99 % of available
oxygenated hydrocarbons. The zones will primarily be
referred to herein as a partial deoxygenation zone and
a full deoxygenation zone. In thepartial deoxygenation
zone, partial deoxygenation occurs at milder
conditions than the full deoxygenation zone and uses a
catalyst such as a hydrotreating catalyst. In general,
the partial oxidation zone removes the most reactive
and thermally instable oxygenates. The oxygen level of
the pyrolysis oil feedstock, which typically ranges
from 35 wt. % to 60 wt%, is reduced to a significantly
lower level, from 5 wt.% to 20 wt.% in the partial
deoxygenation zone. Water is reduced from pyrolysis
oil feedstock levels from 10 wt. % to 40 wt.% to
levels from 2 wt.% to 11 wt.%. The acidity is greatly
reduced as well in the partial deoxygenation zone,
from a TAN level of 125 to 200 in the pyrolysis oil
feedstock to a reduced level from 40 to 100 in the
partial deoxygenation zone effluent. [0015] The more
thermally stable effluent from the partial
deoxygenation zone can then be fully deoxygenated in
the full deoxygenation zone. In the full deoxygenation
zone, a hydrocracking catalyst, which has higher
activity as compared to the hydrotreating catalyst, is
employed with the option of more severe process
conditions in order to catalyze the deoxygenation of
less reactive oxygenates. Some hydrocracking of
feedstock molecules will also occur to a higher extent
than in the partial deoxygenation zone. In the full
deoxygenation zone, oxygen content is reduced from 5
wt.% to 20 wt.% to much lower levels, from ppm
concentrations to 0.5 wt.%. Water is also greatly
reduced in the full deoxygenation zone, from 2 wt.% to
11 wt.% down to levels from 100 ppm to 1000 ppm. The
acidity is greatly reduced from initial TAN levels of
40 to 100 mg KOH/g oil to lower levels from 0.5 to 4
mg KOH/g oil. The effluent of the full deoxygenation
zone is a hydrocarbon mixture rich in naphthenes and
aromatics. [0016] In one embodiment, as shown in FIG.
1, pyrolysis oil 10 is not separated and enters
partial deoxygenation zone 12 along with recycle
hydrogen stream 54 and optional hydrocarbon recycle 56
where contact with a deoxygenation and hydrogenation
catalyst at deoxygenation conditions generates
partially deoxygenated pyrolysis oil stream 14. The
deoxygenation zone 12 performs catalytic
decarboxylation, decarbonylation, and
hydrodeoxygenation of oxygen polymers and single
oxygenated molecules in the pyrolysis oil by breaking
the oxygen linkages, and forming water and COo from
the oxygen and leaving smaller molecules. For example,
the phenylpropyl ether linkages in the pyrolytic
lignin will be partially deoxygenated producing some
aromatic rings, such as alkylbenzenes and
polyalkylbenzenes. Very reactive oxygenates will be
deoxygenated as well, including smallmolecular weight
carboxylic acids therefore greatly increasing the
thermal stability of the product. Pyrolysis oil
components not derived from lignin, including
cellulose, hemicellulose, free sugars, may yield
products such as acetic acid, furfural, furan,
levoglucosan, 5- hydroxymethylfurfural,
hydroxyacetaldhyde, formaldehyde, and others such as
those described in Mohan, D.; Pittman, C. U.; Steele,
P. H. Energy and Fuels, 2006, 20, 848-889. Therefore,
pyrolysis oil components not derived from lignin will
also be partially or fully deoxygenated with the
carbohydrates giving primarily light hydrocarbon
fractions and water. The light hydrocarbon fractions
may contain hydrocarbons with six or fewer carbon
atoms. The reactions of decarbonylation,
decarboxylation and hydrodeoxygenation are
collectively referred to as deoxygenation reactions.
Hydrogenation of olefins also occur in this zone. The
catalysts and conditions of partial deoxygenation zone
12 are selected so that the more reactive compounds
are deoxygenated. The effluent of partial
deoxygenation zone is a partially deoxygenated
pyrolysis oil stream 14 that has increased thermal
stability as compared to the feed pyrolysis oil.
[0017] Partially deoxygenated pyrolysis oil stream 14
is passed to a separation zone 16. Carbon oxides,
possibly hydrogen sulfide, and C3 and lighter
components are separated and removed in overhead line
20 and a partially deoxygenated product stream 18 is
removed from separation zone 16. Separation zone 16
may comprise a separator. Depending upon whether the
separator is operated in a hot or cold mode, the water
may be removed as a vapor in line 20 (hot separator
mode) or as a liquid in line 22 (cold separator mode).
Overhead line 20 comprises a large quantity of
hydrogen and at least the carbon dioxide from the
decarboxylation reaction. The carbon dioxide can be
removed from the hydrogen by means well known in the
art such as 



reaction with a hot carbonate solution, pressure swing
absorption, etc. Also, absorption with an amine in
processes such as described in co-pending applications
USAN 60/973,792 and USAN 60/973,8 16, hereby
incorporated by reference, may be employed. If
desired, essentially pure carbon dioxide can be
recovered by regenerating the spent absorption media.
Therefore overhead line 20 is passed through one or
more scrubbers 44 such as amine scrubbers to remove
carbon dioxide in line 46 and hydrogen sulfide in line
48. Depending upon the scrubber technology selected
some portion of water may also be retained by the
scrubber. The lighter hydrocarbons and gasses,
possibly including a portion of water, are conducted
via line 50 to steam reforming zone 52. In one
embodiment the light hydrocarbon fractions may
containhydrocarbons with six or fewer carbon atoms.
After purification, hydrogen generated in steam
reforming zone 52 is conducted via line 54 to combine
with feedstock 10 and partially deoxygenated product
stream 18. The hydrogen may be recycled to combine
with the feedstock as shown or may be introduced
directly to the reaction zone where hydrogenation
primarily occurs and/or to any subsequent reactor
beds. [0018] The partially deoxygenated product stream
18 along with recycle hydrogen stream 54 and optional
hydrocarbon recycle 56, is passed to a second
hydrodeoxygenation zone 24, where the remaining oxygen
is removed. Full deoxygenation zone 24 performs
catalytic decarboxylation, decarbonylation, and
hydrodeoxygenation of the remaining oxygen compounds
that are more stable than those reacted in the first
stage. Therefore, a more active catalyst and more
severe process conditions are employed in full
deoxygenation zone 24 as compared to partial
deoxygenation zone 12 in order to catalyze full
deoxygenation. [0019] Full deoxygenation zone effluent
26 is introduced to phase separator 28. Carbon oxides,
possibly hydrogen sulfide and C3 and lighter
components are separated and removed in line 30 and
liquid hydrocarbons are removed in line 32. Depending
upon whether the separator is operated in a hot or
cold mode, the water may be removed as a vapor in line
30 (hot separator mode) or as a liquid in line 58
(cold separator mode). The overhead in line 30
comprises a large quantity of hydrogen and the carbon
dioxide from the decarboxylation reaction. The carbon
dioxide can be removed from the hydrogen by means well
known in the art, reaction with a hot carbonate
solution, pressure swing absorption, etc. Also,
absorption with an amine in processes such as
described in co-pending applications USAN 60/973,792
and USAN 60/973,816, hereby incorporated by reference,
may be employed. If desired, essentially pure carbon
dioxide can be recovered by regenerating the spent
absorption media. Therefore line 30 is passed through
one or more scrubbers 44 such as amine scrubbers to
remove carbon dioxide in line 46 and hydrogen sulfide
in line 48. Depending upon the scrubber technology
selected some portion of water may also be retained by
the scrubber. The lighter hydrocarbons and gasses,
possibly including a portion of water, are conducted
via line 50 to steam reforming zone 52. A liquid
stream containing hydrocarbons is removed from
separator 28 in line 32 and conducted to product
fractionation zone 34. Product fractionation zone 34
is operated so that product cut 36 contains the
hydrocarbons in a boiling range most beneficial to
meeting the gasoline specifications. Product cut 38 is
collected for use as aviation fuel or as a blending
component ofaviation fuel. The lighter materials such
as naphtha and LPG are removed in fractionation zone
overhead stream 60. A portion of stream 60 may be
optionally conducted in line 62 to the reforming zone
52. If desired, the naphtha and LPG may be further
separated into an LPG stream and a naphtha stream (not
shown). [0020] Hydrocarbons that have a boiling point
higher than acceptable for the specification of the
aviation fuel are removed in bottoms stream 40. A
portion of bottoms stream 40 may be recovered and used
as fuel such as, for example, low sulfur heating oil
fuel. It is likely that bottoms stream 40 may be
acceptable for use as diesel or a diesel blending
component. Alternatively, bottoms stream 40 could be
upgraded to diesel in a separate process. A portion of
bottoms stream 40 is optionally recycled to partial
deoxygenation zone 12 and/ or full deoxygenation
reaction zone 24. A portion of a hydrocarbon stream
may also be cooled down if necessary and used as cool
quench liquid between beds of one of the deoxygenation
zones, or between the first and the full deoxygenation
zone to further control the heat of reaction and
provide quench liquid for emergencies. The recycle
stream may be introduced to the inlet of one or both
of the reaction zones and/or to any subsequent beds or
reactors. One benefit of the hydrocarbon recycle is to
control the temperature rise across the individual
beds. However, as discussed within, the amount of
hydrocarbon recycle may be is determined based upon
the 



desired hydrogen solubility in the reaction zone.
Increasing the hydrogen solubility in the reaction
mixture allows for successful operation at lower
pressures, and thus reduced cost. Operating with high
recycle and maintaining high levels of hydrogen in the
liquid phase helps dissipate hot spots at the catalyst
surface and reduces the formation of undesirable heavy
components which lead to coking and catalyst
deactivation. Fractionation zone 26 may contain more
than one fractionation column and thus the locations
of the different streams separated may vary from that
shown in the figures. [0021] In another embodiment as
shown in FIG. 2, a pyrolysis oil feed stream 10 is
passed through phase separator 4 where it is separated
into an aqueous phase and a pyrolytic lignin phase. A
portion or all of pyrolytic lignin is removed from
separator 4 in stream 7 which is then combined with
stream 6 to form combined stream 2. Optionally, some
or all of the pyrolytic lignin is removed via stream
8. Part of all of the aqueous phase is removed from
separator 4 in stream 6 which is then combined with
stream 7 to form combined stream 2. Optionally,
aqueous phase pyrolysis oil can be removed through
line 5. Combined stream 2,which is a pyrolytic lignin
enriched pyrolysis oil, passes into partial
deoxygenation zone 12 where partial deoxygenation
occurs along with hydrogenation of reactive functional
groups as described above. The partially deoxygenated
product stream 14 passes through separator 16 where
CO, CO2, H2O, and H2S are removed. Product stream 18
passes through full deoxygenation zone 24 where
complete deoxygenation is catalyzed. Full
deoxygenation zone product stream 26 passes through
separator 28 where water, CO, CO2, and H2S are removed
resulting in a liquid hydrocarbon stream 32. Liquid
hydrocarbon stream 32 is passed through the
fractionation zone 34 where it is separated into the
desired fuel cuts as discussed above. [0022] In
another embodiment as shown in FIG. 3 optionally a
pyrolysis oil feed stream 10 is passed through phase
separator 4 where it is separated into an aqueous
phase and a pyrolytic lignin phase. A portion or all
of pyrolytic lignin is removed from separator 4 in
stream 7 which is then combined with stream 6 to form
combined stream 2. Optionally, some or all of the
pyrolytic lignin is removed via stream 8. Part of all
of the aqueous phase is removed from separator 4 in
stream 6 which is then combined with stream 7 to form
combined stream 2. Optionally, aqueous phase pyrolysis
oil can be removed through line 5. Either combined
stream 2 (for the embodiment using pyrolytic lignin
enriched pyrolysis oil), or pyrolysis oil feed stream
10 (for the embodiment using the whole pyrolysis oil)
passes through deoxygenation zone 25 where contact
with one or more catalysts fully deoxygenate the feed
to produce a fully deoxygenated product stream 27.
Deoxygenation zone 25 can employ a multifunctional
catalyst capable of deoxygenation and hydrogenation or
a set of catalysts. For example, partial deoxygenation
and hydrogenation can occur over the first catalyst in
a first portion of zone 12 while full deoxygenation
occurs in a more active catalyst in a second portion
of zone 25. A stacked bed configuration may be
advantageous because a less active catalyst in an
upper zone will deoxygenate the most reactive oxygen
compounds without generating exotherms that can
promote the formation of thermal coke. The fully
deoxygenated product stream 27 is fed to phase
separator 28 where water, CO, CO2, and H2S are removed
resulting in a liquid hydrocarbon stream 32. Liquid
hydrocarbon stream 32 is passed through the
fractionation zone 34 where it is separated into the
desired fuel cuts as discussed above. [0023] Hydrogen
is needed for the deoxygenation and hydrogenation
reactions above, and to be effective, a sufficient
quantity of hydrogen must be in solution in the
deoxygenationzone to most effectively take part in the
catalytic reaction. If hydrogen is not available at
the reaction site of the catalyst, the coke forms on
the catalyst and deactivates the catalyst. High
operating pressures may be used in order to achieve a
desired amount of hydrogen in solution and readily
available for reaction and to avoid coking reactions
on the catalyst. However, higher pressure operations
are more costly to build and to operate as compared to
their lower pressure counterparts. [0024] The desired
amount of hydrogen may be kept in solution at lower
pressures by employing a large recycle of hydrocarbon.
An added benefit is the control of the temperature in
the deoxygenation zone(s) since the deoxygenation
reactions are exothermic reactions. However, the range
of recycle to feedstock ratios used herein is set
based on the need to control the level of hydrogen in
the liquid phase and therefore reduce the deactivation
rate of the catalyst. The amount of recycle is
determined not on temperature control requirements, 



but instead, based upon hydrogen solubility
requirements. Hydrogen has a greater solubility in the
hydrocarbon product than it does in the pyrolysis oil
feedstock or the portion of the pyrolysis oil
feedstock after separation. By utilizing a large
hydrocarbon recycle the solubility of hydrogen in the
liquid phase in the reaction zone is greatly increased
and higher pressures are not needed to increase the
amount of hydrogen in solution and avoid catalyst
deactivation at low pressures. The hydrocarbon recycle
may be a portion of the stream in any of lines 24, 34,
32, or 30, or any combination thereof, and the
hydrocarbon recycle is directed to deoxygenation zone
12. The figure shows optional hydrocarbon recycle 34a
as a portion of diesel boiling point range component
34. However it is understood that in other embodiments
portions different streams or combinations of stream
such as the product stream 24 or any of fractionation
zone streams 28, 30, or 32 may be used as the
hydrocarbon recycle. Suitable volume ratios of
hydrocarbon recycle to pyrolysis oil feedstock is from
2:1 to 8:1. In another embodiment the ratio is in the
range of 3:1 to 6:1 and in yet another embodiment the
ratio is in the range of 4:1 to 5:1. [0025]
Furthermore, the rate of reaction in the deoxygenation
zone is increased with the hydrocarbon recycle
resulting in a greater amount of throughput of
material through the reactor in a given period of
time. Lower operating pressures provide an additional
advantage in increasing the decarboxylation reaction
while reducing the hydrodeoxygenation reaction. The
result is a reduction in the amount of hydrogen
required to remove oxygen from thefeedstock component
and produce a finished product. Hydrogen can be a
costly component of the feed and reduction of the
hydrogen requirements is beneficial from an economic
standpoint. [0026] hi another embodiment, mixtures or
co-feeds of the pyrolysis oil and other renewable
feedstocks or petroleum derived hydrocarbons may also
be used as the feedstock to the deoxygenation zone.
The mixture of the pyrolysis oil and another renewable
feedstock or a petroleum derived hydrocarbon is
selected to result in greater hydrogen solubility.
Other feedstock components which may be used as a
co-feed component in combination with the pyrolysis
oil from the above listed biomass materials, include
spent motor oil and industrial lubricants, used
paraffin waxes, liquids derived from gasification of
coal, biomass, or natural gas followed by a downstream
liquefaction step such as Fischer-Tropsch technology;
liquids derived from depolymerization, thermal or
chemical, of waste plastics such as polypropylene,
high density polyethylene, and low density
polyethylene; and other synthetic oils generated as
byproducts from petrochemical and chemical processes.
One advantage of using a co-feed component is the
transformation of what has been considered to be a
waste product from a petroleum based or other process
into a valuable co-feed component to the current
process. [0027] The partial deoxygenation zone is
operated at a pressure from 3.4 MPa (500 psia) to 14
MPa (3000 psia), and preferably is operated at a
pressure from 3.4 MPa (500 psia) to 12 MPa (1800
psia). The partial deoxygenation zone is operated at a
temperature from 2000C to 4000C with one embodiment
being from 3000C to 375C. The partial deoxygenation
zone is operated at a space velocity from 0.1 LHSV h 1
to 1.5 LHSV h 1 based on pyrolysis oil feedstock; this
space velocity range does not include any contribution
from a recycle stream. In one embodiment the space
velocity is from 0.25 to 1.0 LHSV h 1. The hydrogen to
liquid hydrocarbon feed ratio is at 5000 to 20000
scf/bbl (889 to 3,555 std mVm3) with one embodiment
being from 10,000 to 15,000 scf/bbl (1,778 to 2,666
std m3/m3). The catalyst in the partial deoxygenation
zone is any hydrogenation and hydrotreating catalysts
well known in the art such as nickel or
nickel/molybdenum dispersed on a high surface area
support. Other hydrogenation catalysts include one or
more noble metal catalytic elements dispersed on a
high surface area support. Non-limiting examples of
noble metals include Pt and/or Pd dispersed on
gamma-alumina or activated carbon. Another example
includes the catalysts disclosed in US 6,841,085,
hereby incorporated by reference.[0028] In the full
deoxygenation zone, the conditions are more severe and
the catalyst more active compared to that of the
partial deoxygenation zone. The catalyst is any
hydrocracking catalyst, having a hydrocracking
function, that is well known in the art such as nickel
or nickel/molybdenum dispersed on a high surface area
support. Another example is a combined zeolitic and
amorphous silica-alumina catalyst with a metal
deposited on the catalyst. The catalyst includes at
least one metal selected from nickel (Ni), chromium
(Cr), molybdenum (Mo), tungsten (W), cobalt (Co),
rhodium (Rh), iridium (Ir), ruthenium (Ru), 



and rhenium (Re). In one embodiment, the catalyst
includes a mixture of the metals Ni and Mo on the
catalyst. The catalyst is preferably a large pore
catalyst that provides sufficient pore size for
allowing larger molecules into the pores for cracking
to smaller molecular constituents. The metal content
deposited on the catalysts used are deposited in
amounts ranging from 0.1 wt. % to 20 wt. %, with
specific embodiments having values for the metals
including, but not limited to, nickel in a range from
0.5 wt. % to 10 wt. %, tungsten in a range from 5 wt.
% to 20 wt. %, and molybdenum in a range from 5 wt. %
to 20 wt. %. The metals can also be deposited in
combinations on the catalysts with example
combinations being Ni with W, and Ni with Mo. Zeolites
used for the catalysts include, but are not limited
to, beta zeolite, Y-zeolite, MFI type zeolites,
mordenite, silicalite, SM3, and faujasite. The
catalysts are capable of catalyzing decarboxylation,
decarbonylation and/or hydrodeoxygenation of the
feedstock to remove oxygen as well as hydrogenation to
saturate olefins. Cracking may also occur.
Decarboxylation, decarbonylation, and
hydrodeoxygenation are herein collectively referred to
as deoxygenation reactions. [0029] The full
deoxygenation zone conditions include a relatively low
pressure of 6890 kPa (1000 psia) to 13,790 kPa (2000
psia), a temperature of 3000C to 5000C and a liquid
hourly space velocity of 0.1 to 3 hr 1 based on fresh
feed not recycle. In another embodiment the
deoxygenation conditions include the same pressure of
6890 kPa (1000 psia) to 6895 kPa (1700 psia), a
temperature of 3500C to 4500C and a liquid hourly
space velocity of 0.15 to 0.40 hr 1. It is envisioned
and is within the scope of this invention that all the
reactions are occurring simultaneously within a
zone.EXAMPLE [0030] A whole mixed-wood pyrolysis oil
feedstock was fed once-through a fixed bed reactor
loaded with a hydrotreating catalyst at the conditions
specified for partial deoxygenation zone (Zone 1) in
Table 1 below. The effluent oil was isolated after
separation of water generated in the reaction. The
properties of the effluent oil from the partial
deoxygenation zone are also shown in Table 1. The
partially deoxygenated effluent oil from the partial
deoxygenation zone was then fed to a full
deoxygenation zone and contacted with a second
catalyst at the elevated process conditions shown in
Table 1. This second catalyst was a sulfided nickel
and molybdenum on alumina catalyst produced by UOP.
The overall volumetric yield of hydrocarbon that was
isolated from the effluent of the full deoxygenation
zone was 5 1 vol % of the initial whole mixed-wood
pyrolysis oil feedstock. [0031] A whole pyrolysis oil
feedstock produced from corn stover was fed
once-through a fixed bed reactor loaded with a
hydrotreating catalyst at the conditions specified for
the partial deoxygenation zone (Zone 1) in Table 2
below. The effluent oil was isolated after separation
of water generated in the reaction. The properties of
the effluent oil from the partial deoxygenation zone
are also shown in Table 2. The partially deoxygenated
effluent from the partial deoxygenation zone was then
fed over a second catalyst in a full oxygenation zone
at the elevated process conditions shown. This second
catalyst was a sulfided nickel molybdenum on alumina
catalyst produced by UOP. The overall volumetric yield
of hydrocarbon isolated from the effluent of the full
deoxygenation zone was 67 vol % of the initial whole
pyrolysis oil feedstock produced from corn stover.
[0032] The third example again shows the complete
deoxygenation of a whole pyrolysis oil produced from
corn stover. The pyrolysis oil was fed once-through
over a stacked fixed bed reactor. The upper zone of
the reactor, the partial deoxygenation zone, was
loaded with a milder hydrotreating catalyst run 2500C
as shown in table 3. The bottom zone of the reactor,
the full deoxygenation zone, was loaded a sulfided
nickel and molybdenum on alumina catalyst produced by
UOP and kept at 4000C. The other process variables are
shown in Table 3. This example shows that a single
reactor with stacked catalyst beds is capable of full
deoxygenation to produce a hydrocarbon product.Table
Table 2 Table 3 Effluent Properties TAN Pressure Oil
(mg kPa g Temp. LHSV H2/oil yield O (wt KOH/ 



Zone (psig) (C) (h-1) (scf/bbl) (vol%) %) H2O goil) 1.
Upper Zone of Reactor (Partial Deoxygenation) 13,445
250 300 0.14 10500 0.25 0.0035 1.6 2: Bottom Zone of
(1950) ppm Reactor (Full Deoxygenation) 400 [0033]
Table 4 shows the typical distribution of hydrocarbon
classes produced after full deoxygenation of whole
pyrolysis oil. The final distribution depends on the
feedstock processed, catalyst choice, and process
conditions. The distribution of the final product from
example 2above is shown in the "Example 2 Product"
column of Table 4. This represents a hydrocarbon
product produced from solid corn stover pyrolysis oil
processed as described in Table 2. Table 4 [0034] The
boiling point distribution of several fully
deoxygenated pyrolysis oils is shown in Figure 4. As
shown the hydrocarbon product produced has a wide
boiling point range with significant fractions in the
range for each fuel. Some heavier components are also
present that fall outside the range of gasoline,
aviation fuel, and diesel. These heavy components
could be recycled back into the second zone for
further hydrocracking or be isolated for other
industrial uses. [0035] Additional embodiments include
a process for producing hydrocarbon products from
pyrolysis oil feedstock comprising: (a) deoxygenating
the pyrolysis oil feedstock in a deoxygenation zone by
contacting, in the presence of hydrogen at
deoxygenation conditions, the pyrolysis oil with a
partial deoxygenation and hydrogenation catalyst in a
first portion of the deoxygenation zone with a full
deoxygenation catalyst in a second portion of the
deoxygenation zone to produce a deoxygenated pyrolysis
oil stream comprising water, gasses, light ends, and
hydrocarbons; (b) passing the deoxygenated pyrolysis
oil stream to a separation zone to separate a water,
gasses, and light ends stream from a hydrocarbon
stream; and (c) passing the hydrocarbon stream to a
fractionation zone to separate the hydrocarbon
compounds in the boiling point range of gasoline into
a gasoline range stream, the hydrocarbon compounds in
the boiling point range of aviation fuel into an
aviation rangestream and the hydrocarbons in the
boiling point range of diesel fuel into a diesel range
stream. [0036] Also, a process for producing
hydrocarbon products from pyrolysis oil feedstock
comprising: (a) deoxygenating the pyrolysis oil
feedstock in a deoxygenation zone by contacting, in
the presence of hydrogen at deoxygenation conditions,
the pyrolysis oil with a mixture of a partial
deoxygenation catalyst and a full deoxygenation
catalyst to produce a deoxygenated pyrolysis oil
stream comprising water, gasses, light ends, and
hydrocarbons wherein the partial deoxygenation
catalyst is a hydrotreating catalyst and the full
deoxygenation catalyst is a hydrocracking; (b) passing
the deoxygenated pyrolysis oil stream to a separation
zone to separate a water, gasses, and light ends
stream from a hydrocarbon stream; and (c) passing the
hydrocarbon stream to a fractionation zone to separate
the hydrocarbon compounds in the boiling point range
of gasoline into a gasoline range stream, the
hydrocarbon compounds in the boiling point range of
aviation fuel into an aviation range stream and the
hydrocarbons in the boiling point range of diesel fuel
into a diesel range stream. [0037] Another embodiment
is a process for producing hydrocarbon products from
pyrolysis oil feedstock comprising: (a) separating at
least a portion of an aqueous phase from the pyrolysis
feedstock to generate a pyrolytic lignin-enriched
pyrolysis oil; (b) partially deoxygenating the
pyrolytic lignin-enriched pyrolysis oil in a partial
deoxygenation zone by contacting the pyrolysis oil
with a partial deoxygenation and hydrogenation
catalyst in the presence of hydrogen at deoxygenation
conditions to produce a partially deoxygenated
pyrolysis oil stream comprising water, gasses, light
ends, and hydrocarbons; (c) passing the partially
deoxygenated pyrolysis oil stream to a separation zone
to separate a water, gasses, and light ends stream
from a hydrocarbon stream; (d) passing the hydrocarbon
stream to a full deoxygenation zone and deoxygenating
the hydrocarbon stream by contacting with a
deoxygenation catalyst under deoxygenation conditions,
to generate a product stream 



comprising hydrocarbon compounds useful as a fuel or a
fuel blending component in the boiling point ranges of
gasoline, aviation, diesel, and any combination
thereof; and (e) passing the product stream to a
fractionation zone to separate the hydrocarbon
compounds in the boiling point range of gasoline into
a gasoline range stream, the hydrocarbon compounds in
the boiling point range of aviation fuel into an
aviation range stream and the hydrocarbonsin the
boiling point range of diesel fuel into a diesel range
stream. The process may further comprising recycling a
portion of the product stream, gasoline range stream,
the aviation fuel stream, the diesel range stream, or
any combination thereof, to the partial deoxygenation
zone, the full deoxygenation zone, or both wherein the
volume ratio of recycle to feed to the deoxygenation
zone is in the range of 2:1 to 8:1.CLAMS: 1. A process
for producing hydrocarbon products from whole
pyrolysis oil feedstock comprising: partially
deoxygenating the whole pyrolysis oil feedstock in a
partial deoxygenation zone by contacting the pyrolysis
oil with a partial deoxygenation and hydrogenation
catalyst in the presence of hydrogen at deoxygenation
conditions to produce a partially deoxygenated
pyrolysis oil stream comprising water, gasses, light
ends, and hydrocarbons; passing the partially
deoxygenated pyrolysis oil stream to a separation zone
to separate a water, gasses, and light ends stream
from a hydrocarbon stream; and passing the hydrocarbon
stream to a full deoxygenation zone and deoxygenating
the hydrocarbon stream by contacting with a
deoxygenation catalyst under deoxygenation conditions,
to generate a product stream comprising hydrocarbon
compounds useful as a fuel or a fuel blending
component in the boiling point ranges of gasoline,
aviation, diesel, and any combination thereof. 2. The
process of Claim 1 further comprising passing the
product stream to a second separation zone to separate
water, gasses, and light ends from the product stream
and generate a purified product stream, and passing
the purified product stream to a product fractionation
zone to separate the hydrocarbon compounds in the
boiling point range of gasoline and the hydrocarbons
in the boiling point range of diesel fuel. 3. The
process of Claim 2 further comprising separating, in
the product fractionation zone, the hydrocarbons in
the boiling point range of aviation fuel. 4. The
process of Claim 3 further comprising recycling a
portion of the hydrocarbon compounds in the boiling
point range of gasoline, the hydrocarbon compounds in
the boiling point range of aviation fuel, the
hydrocarbons in the boiling point range of diesel
fuel, or any combination thereof, to the partial
deoxygenation zone, the full deoxygenation zone, or
both wherein the volume ratio of recycle to feed to
the deoxygenation zone is in the range of 2:1 to 8:1.
5. The process of Claim 1 further comprising recycling
a portion of the product stream to the partial
deoxygenation zone, the full deoxygenation zone, or
both wherein the volume ratio of recycle to feed to
the deoxygenation zone is in the range of 2:1 to
8:1.6. The process of Claim 1 wherein the catalyst Ln
the full deoxygenation zone is more active than the
catalyst in the partial deoxygenation zone, the
deoxygenation conditions in the full deoxygenation
zone are more severe than those of the partial
deoxygenation zone, or both. 7. The process of Claim 1
further comprising passing the water, gasses, and
light ends stream from the separation zone to a
reforming zone to generate a hydrogen stream. 8. The
process of Claim 7 further comprising passing the
hydrogen stream to the partial deoxygenation zone, the
full deoxygenation zone, or both. 9. The process of
Claim 2 further comprising passing the water, gasses,
and light ends stream from the second separation zone
to a reforming zone to generate a hydrogen stream, and
passing the hydrogen stream to the partial
deoxygenation zone, the full deoxygenation zone, or
both. 10. The process of Claim 2 further comprising
passing the water, gasses, and light ends stream from
the separation zone and the passing the water, gasses,
and light ends stream from the second separation zone
to a reforming zone to generate a hydrogen stream, and
passing the hydrogen stream to the partial
deoxygenation zone, the full deoxygenation zone, or
both. 


