
MULTIPLE CATALYST AND REACTOR SYSTEM FOR OLEFIN
POLYMERIZATION AND POLYMERS PRODUCED THEREFROM Field
of the Invention This invention relates to a process
to polymerize olefins using multiple catalysts and
multiple reactors and polymers produced therefrom. In
particular this invention relates to a process to
produce polyolefin adhesives and the adhesives so
produced. Background of the Invention For some
applications such as adhesives individual polymers do
not possess the necessary combination of properties.
Individual polyolefins having certain characteristics
are often blended together in the hope of combining
the positive attributes of the individual components.
Typically the result is a blend which displays an
average of the individual properties of the individual
resins. For example EP 0 527 589 discloses blends of
flexible, low molecular weight amorphous polypropylene
with higher molecular weight isotactic polypropylene
to obtain compositions with balanced mechanical
strength and flexibility. These compositions show
better flexibility compared to that of the isotactic
polypropylene alone, but are still lacking in other
physical attributes. Physical blends also have the
problems of inadequate miscibility. Unless the
components are selected for their compatibility they
can phase separate or smaller components can migrate
to the surface. Reactor blends, also called intimate
blends (a composition comprising two or more polymers
made in the same reactor or in a series of reactors)
are often used to address these issues, however
finding catalyst systems that will operate under the
same environments to produce different polymers has
been a challenge.Multiple catalyst systems have been
used in the past to produce reactor blends (also
called intimate blends) of various polymers and other
polymer compositions. Reactor blends and other one-pot
polymer compositions are often regarded as superior to
physical blends of similar polymers. For example US
6,248,832 discloses a polymer composition produced in
the presence of one or more stereospecif c metallocene
catalyst systems and at least one nonstereospecific
metallocene catalyst system. The resultant polymer has
advantageous properties over the physical blends
disclosed in EP 0 527 589 and US 5,539,056. Thus there
has been interest in the art in developing multiple
catalyst systems to produce new polymer compositions.
For example, US Patent 5,516,848 discloses the use of
two different cyclopentadienyl based transition metal
compounds activated with alumoxane or non-coordinating
anions. In particular, the examples disclose, among
other things, catalyst compounds in combination, such
as (Me2Si(Me4C5)(N-C-C12H23)TiCl2 and rac-
Me2Si(H4In(I)ZrCl2, or
Me2Si(Me4C5)(N-C-C12H23)TiCl2and Me2Si(Ind2)HfMe2,
(Ind = indenyl) activated with activators such as
methylalumoxane or N5Ndimethyl anilinium
tetrakis(pentafluorphenyl) borate to produce
polypropylenes having bimodal molecular weight
distributions (Mw/Mn), varying amounts of isotacticity
(from 12 to 52 weight % isotactic PP in the product in
Ex 2, 3 and 4), and having weight average molecular
weights over 100,000, and some even as high as
1,200,000 for use as thermoplastics. Likewise, US
6,184,327 discloses a thermoplastic elastomer
comprising a branched olefin polymer having
crystalline sidechains and an amorphous backbone
wherein at least 90 mole percent of the sidechains are
isotactic or syndiotactic polypropylene and at least
80 mole percent of the backbone is atactic
polypropylene produced by a process comprising: a)
contacting, in solution, at a temperature from about
90C to about 120C, propylene monomers with a catalyst
composition comprising a chiral, stereorigid
transition metal catalyst compound capable of
producing isotactic or syndiotacticpolypropylene; b)
copolymerizing the product of a) with propylene and,
optionally, one or more copolymerizable monomers, in a
polymerization reactor using an achiral transition
metal catalyst capable of producing atactic
polypropylene; and c) recovering a branched olefin
polymer. Similarly US 6,147,180 discloses the
synthesis of a thermoplastic polymer composition,
which is produced by first polymerizing monomers to
produce at least 40% vinyl terminated macromonomers
and then copolymerizing the macromonomers with
ethylene. In addition US 6,323,284 discloses a method
to produce thermoplastic compositions (mixtures of
crystalline and amorphous polyolefm copolymers) by
copolymerizing alpha-olefins and alpha, omega dienes
using two separate catalyst systems. Likewise others
have experimented with multiple stage processes to
produce new polymer compositions. For example EP 0 366
4 11 discloses a graft polymer having an EPDM backbone
with polypropylene grafted thereto at one or more of
the diene monomer sites through the use of a two-step
process using a 



different Ziegler-Natta catalyst system in each step.
This graft polymer is stated to be useful for
improving the impact properties in blended
polypropylene compositions. Although each of the
polymers described in the above references has
interesting combinations of properties, there remains
a need for new composition that offer other new and
different property balances tailored for a variety of
end uses. In particular, it would be desirable to find
a composition that is strong yet has adhesive
characteristics and the ability to be applied using
adhesive technology and equipment. For general
information in this area, one may refer to: 1. DeSouza
and Casagrande, in 2001 addressed the issue of binary
catalyst systems in "Recent Advances in Olefin
Polymerization Using Binary Catalyst Systems,
Macromol. Rapid Commun. 2001, 22, No. 16 (pages 1293
to 1301). At page 1299 they report propylene systems
that produce a "gooey" product.2. Studies with respect
to the production of stereoblock polypropylene by
using in-situ mixtures of metallocene catalysts with
different stereoselectivity were recently performed by
Lieber and Brintzinger in "Propene Polymerization with
Catalyst Mixtures Containing Different
Ansa-Zirconocenes: Chain Transfer to Alkylaluminum
Cocatalysts and Formation of Stereoblock Polymers",
Macromolecules 2000, 33, No.25 (pages 9192-9199).
Propylene polymerization reactions were performed
using metallocene catalysts H4C2(FIu)2ZrCl2, rac-
Me2Si(2-Me-4-tBu-C 5H2)2ZrCl2 and
rac-Me2Si(2-MeInd)2ZrCl2 in the presence of either MAO
(methylalumoxane) or triisobutylaluminium (Al1Bu3)
/triphenylcarbenium tetrakis(perfluorophenylborate)
(trityl borate) as the cocatalyst. Propylene
polymerization using the mixed catalysts,
H4C2(FIu)2ZrCl2 and rac-Me2Si(2-MeInd)2ZrCl2 in the
presence of either MAO or AliBu3/trityl borate
produced waxy solids, which are completely separable
into an atactic (diethyl ether-soluble) and an
isotactic (insoluble) fraction. Neither fraction
contained any combination of isotactic and atactic
pentad patterns indicating that these catalyst
mixtures did not form stereoblock polymers. 3.
Aggarwal addressed the various polymers produced in
"Structures and Properties of Block Polymers and
Multiphase Polymer Systems: An Overview of Present
Status and Future Potential", S. L. Aggarwal, Sixth
Biennial Manchester Polymer Symposium (UMIST
Manchester, March 1976) 4. "Selectivity in Propene
Polymerization with Metallocene Catalysts" Resconi, et
al, Chem Rev. 2000, 100, 1253-1345. None of the
references above has directly addressed the need for
polyolefin based adhesives containing both amorphous
and crystalline components. Such adhesives are desired
in the industry as a replacement for blends requiring
significant amount of hydrocarbon resin tackif
ers.Additional references that are of interest
include: 1) EP Patents: EP 0 619 325 Bl, and EP 719
802 Bl; 2) US Patents/Publications: 6,207,606,
6,258,903, 6,271,323, 6,340,703, 6,297,301, US
2001/0007896 Al, 6,184,327, 6,225,432, 6,342,574,
6,147,180, 6,114,457, 6,143,846, 5,998,547, 5,696,045;
5,350,817, and 6,659,965. 3) PCT Publications: WO
00/37514, WO 01/81493, WO 98/49229, WO 98/32784; and
WO 01/09200 4) "Metallocene-Based Branch-Block
thermoplastic Elastomers," Markel, et al.
Macromolecules 2000, Volume 33, No. 23. pgs 8541-8548.
Summary of the Invention This invention relates to a
continuous process to produce a branched olefin
polymer comprising: 1) selecting a first catalyst
component capable of producing a polymer having an Mw
of 100,000 or less and a crystallinity of 20% or less
under selected polymerization conditions; 2) selecting
a second catalyst component capable of producing
polymer having an Mw of 100,000 or less and a
crystallinity of 20% or more, (preferably 40% or more)
at the selected polymerization conditions; 3)
contacting a catalyst component, one or more
activators and one or more C2 to C40 olefins in a
first reaction zone, at a temperature of greater than
70C, and at a residence time of 120 minutes or less;
and 4) transferring the contents of the first reaction
zone to a second reaction zone and further contacting
the contents with a catalyst component, an activator
and or one or more C2 to C40 olefins, at a temperature
of greater than 70C, and at a residence time of 120
minutes or less; and5) optionally, transferring the
contents of the second reaction zone to a third
reaction zone and further contacting the contents with
a catalyst compound, an activator and or one or more
C2 to C40 olefins, at a temperature of greater than 



70C, and at a residence time of 120 minutes or less;
and 6) recovering a branched olefin polymer comprising
at least 50 mole% of one or more C3 to C40 olefins,
where the first catalyst component is present in at
least one reaction zone and the second catalyst
component is present in a second reaction zone and
where in at least one reaction zone the C2 to C40
olefin is a C3 to C40 alpha-olefin. Detailed
Description For the purposes of this invention and the
claims thereto and for ease of reference when a
polymer is referred to as comprising an olefin, the
olefin present in the polymer is the polymerized form
of the olefin. In another embodiment this invention
relates to a polymer comprising one or more C3 to C40
olefins, preferably propylene, and less than 50 mole %
of ethylene, having: a) a Dot T-Peel between 1 Newton
and the 10,000 Newtons; and b) a Mz/Mn of 2 to 200;
and/or c) an Mw of X and a g' of Y (measured at the Mz
of the polymer) according to the following Table C:
Table C X (Mw) Y (g') 100,000 or less, preferably
80,000 or less, preferably 70,000 or less, more 0.9 or
less, referably 60,000 or less, more preferably 50,000
or less, more preferably preferably 0,000 or less,
more preferably 30,000 or less, more preferably 20,000
or less, 0.7 or less ore preferably 10,000 or less. In
some embodiments X is also at least 1000, Preferably
referably at least 2000, more preferably at least
3000, more preferably at least betweenIn a some
embodiments the g' is 0.9 or less, 0.8 or less, 0.7 or
less, 0.6 or less, 0.5 or less, 0.4 or less, 0.3 or
less measured at the Mz of the polymer. In another
embodiment the polymer described above also has a peak
melting point (Tm) between 40 and 25O0C, or between 60
and 190C, or between about 60 and 150C, or between 80
and 13O0C. In some embodiments the peak melting point
is between 60 and 1600C. In other embodiments the peak
meltingpoint is between 124-140C. In other embodiments
the peak melting temperature is between 40-130C. In
another embodiment the polymer described above also
has a viscosity of 90,000 mPa.sec or less at 19O0C (as
measured by ASTM D 3236 at 190C); or 80,000 or less,
or 70,000 or less, or 60,000 or less, or 50,000 or
less, or 40,000 or less, or 30,000 or less, or 20,000
or less, or 10,000 or less, or 8,000 or less, or 5000
or less, or 4000 or less, or 3000 or less, or 1500 or
less, or between 250 and 6000 mPa.sec, or between 500
and 5500 mPa.sec, or between 500 and 3000 mPa.sec, or
between 500 and 1500 mPa.sec, and/or a viscosity of
8000 mPa.sec or less at 160C (as measured by ASTM D
3236 at 160C); or 7000 or less, or 6000 or less, or
5000 or less, or 4000 or less, or 3000 or less, or
1500 or less, or between 250 and 6000 mPa.sec, or
between 500 and 5500 mPa.sec, or between 500 and 3000
mPa.sec, or between 500 and 1500 mPa.sec. In other
embodiments the viscosity is 200,000 mPa.sec or less
at 190  C, depending on the application. In other
embodiments the viscosity is 50,000 mPa.sec or less
depending on the applications. In another embodiment
the polymer described above also has a heat of fusion
of 70 J/g or less, or 60 J/g or less, or 50 J/g or
less; or 40 J/g or less, or 30 J/g or less, or 20 J/g
or less and greater than zero, or greater than 1 J/g,
or greater than 10 J/g, or between 20 and 50 J/g. In
another embodiment the polymer described above also
has a Shore A Hardness (as measured by ASTM 2240) of
95 or less, 70 or less, or 60 or less, or 50 or less,
or 40 or less or 30 or less, or 20 or less. In other
embodiments the Shore A Hardness is 5 or more, 10 or
more, or 15 or more. In certain applications, such as
packaging, the Shore A Hardness is preferably 60-70.In
another embodiment the polymer of this invention has
an Mz/Mn of 2 to 200, preferably 2 to 150, preferably
10 to 100. In another embodiment the polymer described
above also has a Shear Adhesion Fail Temperature (SAFT
- as measured by ASTM 4498) of 200C or less, or of 40
to 1500C, or 60 to 1300C, or 65 to 1100C, or 70-800C.
In certain embodiments SAFT's of 130-1400C are
preferred. In another embodiment the polymer described
above also has a Dot T-Peel of between 1 Newton and
10,000 Newtons, or 3 and 4000 Newtons, or between 5
and 3000 Newtons, or between 10 and 2000 Newtons, or
between 15 and 1000 Newtons. Dot T-Peel is determined
according to ASTM D 1876, except that the specimen is
produced by combining two 1 inch by 3 inch (2.54 cm x
7.62 cm) Kraft paper substrate cut outs with a dot of
adhesive with a volume that, when compressed under a
500 gram weight occupies about 1 square inch of area (
1 inch = 2.54 cm). Once made all the specimens are
pulled apart in side by side testing (at a rate of 2
inches per minute) by a machine that records the
destructive force of 



the insult being applied. The maximum force achieved
for each sample tested was recorded and averaged, thus
producing the Average Maximum Force which is reported
as the Dot T-Peel. In another embodiment the polymer
described above also has a set time of several days to
1 second, or 60 seconds or less, or 30 seconds or
less, or 20 seconds or less, or 15 seconds or less, or
10 seconds or less, or 5 seconds or less, or 4 seconds
or less, or 3 seconds or less, more or 2 seconds or
less, or 1 second or less. In another embodiment the
polymer described above also has an Mw/Mn of 2 to 75,
or 4 to 60, or 5 to 50, or 6 to 20.In another
embodiment the polymer described above also has an Mz
of 500,000 or less, preferably 15,000 to 500,00O3 or
20,000 to 400,000, or 25,000 to 350,000. In another
embodiment the polymer described above may also have a
strain at break (as measured by ASTM D-1708 at 25 0C)
of 50 to 1000%, preferably 80 to 200%. In some other
embodiments the strain at break is 100 to 500%. In
another embodiment, the polymer described herein has a
tensile strength at break (as measured by ASTM D-1708
at 25 0C) of 0.5 MPa or more, alternatively 0.75 MPa
or more, alternatively 1.0 MPa or more, alternatively
1.5 MPa or more, alternatively 2.0 MPa or more,
alternatively 2.5 MPa or more, alternatively 3.0 MPa
or more, alternatively 3.5 MPa or more. In another
embodiment the polymer described above also has a
crystallization point (Tc) between 20 and 1100C. In
some embodiments the Tc is between 70 to 1000C. In
other embodiments the Tc is between 30 to 8O0C. In
other embodiments the Tc is between 20 to50C. In some
embodiment the polymers described above has a slope of
-0.1 or less, preferably -0.15 or less, more
preferably -0.25 or less in the trace of complex
viscosity versus temperature (as measured by ARES
dynamic mechanical spectrometer operating at a
frequency of 10 rad/s, with a strain of 20 % under a
nitrogen atmosphere, and a cooling rate of 10C/min)
over the range of temperatures from Tc + 10 0C to
Tc+40 0C. See U.S. Patent Application Publication No.
US 2004-0138392, published July 15, 2004. The slope is
defined as a derivative of log (complex viscosity)
with respect to temperature.In another embodiment the
polymer described above has a Tc that is at least 10
0C below the Tm preferably at least 20 0C below the
Tm, preferably at least 30 0C below the Tm, more
preferably at least 35 0C below the Tm. In another
embodiment some polymers described above have a melt
index ratio (IVI 2) of 6.5 or less, preferably 6.0 or
less, preferably 5.5 or less, preferably 5.0 or less,
preferably 4.5 or less, preferably between 1 and 6.0.
(I10 and I2 are measured according to ASTM 1238 D,
2.16kg, 19O0C). In another embodiment some polymers
described above have a melt index (as determined by
ASTM 1238 D, 2.16 kg, 190 deg. C) of 25 dg/min or
more, preferably 50 dg/min or more, preferably 100
dg/min or more, more preferably 200dg/min or more,
more preferably 500 dg/mn or more, more preferably
2000 dg/min or more. In another embodiment the polymer
has a melt index of 900 dg/min or more. In another
embodiment the polymer described above has a range of
crystallization of 10 to 6O0C wide, preferably 20 to
50 0C, preferably 30 to 45 0C in the DSC traces. In
DSC traces where there are two or more non-overlapping
peaks, then each peak has a range of crystallization
of 10 to 60 0C wide, preferably 20 to 50 0C,
preferably 30 to 45 0C in the DSC traces. In another
embodiment the polymer produced by this invention has
a molecular weight distribution (Mw/Mn) of at least 2,
preferably at least 5, preferably at least 10, even
more preferably at least 20. In another embodiment the
polymer produced may have a unimodal, bimodal, or
multimodal molecular weight distribution of polymer
species asdetermined by Size Exclusion Chromatography
(SEC). By bimodal or multimodal is meant that the SEC
trace has more than one peak or inflection points. An
inflection point is that point where the second
derivative of the curve changes in sign (e.g., from
negative to positive or vice versus). In another
embodiment the polymer described above has an Energy
of activation of 8 to 15 cal/mol. Energy of activation
was calculated using the relationships of complex
viscosity and temperature over the region where
thermal effects are responsible for viscosity increase
(assuming an Arrhenius- like relationship). In another
embodiment the polymers of this invention may have a
crystallinity of at least 5%. In another embodiment
the polymer described above may also have one or 



more of the following: a) a peak melting point between
60 and 19O0C, or between about 60 and 150C, or between
80 and 130C; and/or b) a viscosity of 8000 mPa.sec or
less at 1900C (as measured by ASTM D 3236 at 1900C);
or 5000 or less, or 4000 or less, or 3000 or less, or
1500 or less, or between 250 and 6000 mPa.sec, or
between 500 and 5500 mPa.sec, or between 500 and 3000
mPa.sec, or between 500 and 1500 mPa.sec, or a
viscosity of 8000 mPa.sec or less at 1600C (as
measured by ASTM D 3236 at 1600C); or 7000 or less, or
6000 or less, or 5000 or less, or 4000 or less, or
3000 or less, or 1500 or less, or between 250 and 6000
mPa.sec, or between 500 and 5500 mPa.sec, or between
500 and 3000 mPa.sec, or between 500 and 1500 mPa.sec;
and/or c) an Hf (Heat of fusion) of 70 J/g or less, or
60 J/g or less, or 50 J/g or less; or 40 J/g or less,
or 30 J/g or less, or 20 J/g or less and greater than
zero, or greater than 1 J/g, or greater than 10 J/g,
or between 20 and 50 J/g; and ord) a Shore A Hardness
(as measured by ASTM 2240) of 70 or less, or 60 or
less, or 50 or less, or 40 or less or 30 or less, or
20 or less; and or e) a Shear Adhesion Fail
Temperature (SAFT - as measured by ASTM 4498) of 40 to
150C, or 60 to 130C, or 65 to 1100C, or 70-80C; and
or; f) a Dot T-Peel of between 1 Newton and 10,000
Newtons , or 3 and 4000 Newtons, or between 5 and 3000
Newtons, or between 10 and 2000 Newtons, or between 15
and 1000 Newtons; and/or g) a set time of several days
to 0.1 second, or 60 seconds or less, or 30 seconds or
less, or 20 seconds or less, or 15 seconds or less, or
10 seconds or less, or 5 seconds or less, or 4 seconds
or less, or 3 seconds or less, more or 2 seconds or
less, or 1 second or less; and or h) an MwMn of 1 to
75, or 2 to 60, or 2 to 50, or 3 to 20; and/or i) an
Mz of 500,000 or less, preferably 15,000 to 500,000,
or 20,000 to 400,000, or 25,000 to 350,000. Useful
combinations of features include polymers as described
above having a Dot T-Peel of between 1 Newton and
10,000 Newtons , or 3 and 4000 Newtons, or between 5
and 3000 Newtons, or between 10 and 2000 Newtons, or
between 15 and 1000 Newtons and: 1. an Mw of 30,000 or
less, a peak melting point between 60 and 190C, a Heat
of fusion of 1 to 70 J/g, a branching index (g1) of
0.90 or less measured at the Mz of the polymer; and a
melt viscosity of 8000 mPa"sec or less at 190C; or 2.
an Mz of 20,000 to 500,000 and a SAFT of 60 to 150C;
or 3. an Mz/Mn of 2-200 and a set time of 2 seconds or
less; or 4. an Hf (heat of fusion) of 20 to 50 J/g, an
Mz or 20,000-500,000 and a shore hardness of 50 or
less; or 5. an Mw/Mn of greater than 1 to 50, a
viscosity of 5000 or less mPa.sec at 190C; or6. an Mw
of 50,000 or less, a peak melting point between 60 and
190C, a heat of fusion of 2 to 70 J/g, a branching
index (g1) of 0.70 or less measured at the Mz of the
polymer, and a melt viscosity of 8000 mPa sec or less
at 190C. In a preferred embodiment, the polymer of
this invention comprises amorphous, crystalline and
branch-block molecular structures. In a preferred
embodiment the polymer comprises at least 50 weight %
propylene, preferably at least 60% propylene,
alternatively at least 70% propylene, alternatively at
least 80% propylene. In another embodiment the polymer
comprises propylene and 50 mole % ethylene or less,
preferably 45 mole % ethylene or less, more preferably
40 mole % ethylene or less, more preferably 35 mole %
ethylene or less, more preferably 30 mole % ethylene
or less, more preferably 25 mole % ethylene or less,
more preferably 20 mole % ethylene or less, more
preferably 15 mole % ethylene or less, more preferably
10 mole % ethylene or less, more preferably 5 mole %
ethylene or less. In another embodiment the polymer
produced has a glass transition temperature (Tg) as
measured by ASTM E 1356 of 5 0C or less, preferably -5
0C or less, alternatively between -50C and -4O0C,
alternatively between -5 0C and - 150C. In another
embodiment the polymer of this invention has a
crystallinity of 40 % or less, alternatively 30% or
less, alternatively 20% or less, even alternatively
between 10% and 30%. Percent crystallinity content is
determined using Differential Scanning Calorimetry
measurement according to ASTM D 3417-99. Percent
amorphous content is determined by substracting the %
crystallinity from 100.In another embodiment the
polymer of this invention has an amorphous content of
at least 50%, alternatively at least 60%,
alternatively at least 70 %, even 



alternatively between 50 and 95%. In another
embodiment the polymer produced by this invention has
a molecular weight distribution (Mw/Mn) of at least
1.5, preferably at least 2, preferably at least 5,
preferably at least 10, even alternatively at least
20. In other embodiments the Mw/Mn is 20 or less, 10
or less, even 5 or less. Molecular weight distribution
generally depends on the catalysts used and process
conditions such as temperature, monomer concentration,
catalyst ratio, if multiple catalysts are used, and
the presence or absence of hydrogen. Hydrogen may be
used at amounts up to 2 weight %, but is preferably
used at levels of 50 to 500 ppm. In another embodiment
the polymer produced is found to have at least two
molecular weights fractions are present at greater
than 20 weight % each based upon the weight of the
polymer as measured by Gel Permeation Chromatography.
The fractions can be identified on the GPC trace by
observing two distinct populations of molecular
weights. An example would be a GPC trace showing a
peak at 20,000 Mw and another peak at 50,000 Mw where
the area under the first peak represents more than 20
weight % of the polymer and the area under the second
peak represents more than 20 weight % of the polymer.
In another embodiment the polymer of this invention
has 20 weight % or more (based upon the weight of the
starting polymer) of hexane room temperature soluble
fraction, and 70 weight % or less, preferably 50
weight% or less of Soxhlet boiling heptane insolubles,
based upon the weight of the polymer. Soxhlet heptane
insoluble refers to one of the fractions obtained when
a sample is fractionated using successive solvent
extraction technique. The fractionations are carried
out in two steps: one involves room temperature
solvent extraction, the other soxhlet extraction. In
the room temperature solvent extraction, about onegram
of polymer is dissolved in 50 ml of solvent (hexane)
to isolate the amorphous or very low molecular weight
polymer species. The mixture is stirred at room
temperature for about 12 hours. The soluble fraction
is separated from the insoluble material using
filtration under vacuum. The insoluble material is
then subjected to a Soxhlet extraction procedure. This
involves the separation of polymer fractions based on
their solubility in various solvents having boiling
points from just above room temperature to 1100C. The
insoluble material from the room temperature solvent
extraction is first extracted overnight with hexane
(Soxhlet); the extracted material is recovered by
evaporating the solvent and weighing the residue. The
insoluble sample is then extracted with heptane and
after solvent evaporation, it is weighed. The
insolubles and the thimble from the final stage are
air-dried in a hood to evaporate most of the solvent,
then dried in a nitrogen-purged vacuum oven. The
amount of insoluble left in the thimble is then
calculated, provided the tare weight of the thimble is
known. In another embodiment, the polymers produced in
this invention have a heptane insoluble fraction
between 20% and 70 weight%, based upon the weight of
the starting polymer, and the heptane insoluble
fraction has branching index g' of 0.9 (preferably
0.7) or less as measured at the Mz of the polymer. In
another embodiment, the polymers produced in this
invention have a heptane insoluble fraction between
20% and 70 weight%, based upon the weight of the
starting polymer and a Mz between 20,000 and 500,000
of the heptane insoluble portion. In a preferred
embodiment the composition also has at least 20
weight% hexane soluble fraction, based upon the weight
of the starting polymer. In another embodiment the
polymers produced have a hexane soluble portion of at
least 20 weight %, based upon the weight of the
starting polymer and that hexane soluble portion has a
Tg but not a Tm. In another embodiment the polymer of
this invention comprises less than 4.5 mole % of
ethylene, preferably less than 4.0 mole % ethylene,
alternativelyless than 3.5 mole % ethylene,
alternatively less than 3.0 mole % ethylene,
alternatively less than 2.5 mole % ethylene,
alternatively less than 2.0 mole % ethylene,
alternatively less than 1.5 mole % ethylene,
alternatively less than 1.0 mole % ethylene,
alternatively less than 0.5 mole % ethylene,
alternatively less than 0.25 mole % ethylene,
alternatively Omole % ethylene. For ease of reference
the polymer produced by the second catalyst having at
least 40% crystallinity may also be referred to as the
"semi-crystalline polymer" and the polymer produced by
the first catalyst component having a crystallinity of
less than 20% may be referred to as the "amorphous
polymer." In another embodiment of this invention the
polymer produced has a characteristic three-zone
complex viscosity-temperature pattern. The temperature
dependence of complex viscosity was measured using
ARES dynamic mechanical spectrometer operating at a
frequency of 10 rad/s, with a strain of 20 % under a
nitrogen atmosphere, and a cooling rate of 10C/min.
The sample was first molten then gradually cooled down
to room temperature while monitoring the build-up in
complex viscosity. Above the melting point, which is
typical of polymer 



processing temperature, the complex viscosity is
relatively low (Zone I) and increases gradually with
decreasing temperature. In zone II, a sharp increase
in complex viscosity appears as temperature is
dropped. The third zone (Zone III) is the high complex
viscosity zone, which appears at lower temperatures
corresponding to application temperatures. In Zone III
the complex viscosity is high and varies slightly with
further decrease in temperature. Such a complex
viscosity profile provides, in hot melt adhesive
applications, a desirable combination of long opening
time at processing temperatures and fast set time at
lower temperatures. In a preferred embodiment, the
polymers produced herein having less than 1 mol %
ethylene, have at least 2 mol% (CH2)2 units,
preferably 4 mol%,preferably 6 mol%, more preferably 8
mol%, more preferably 10 mol%, more preferably 12
mol%, more preferably 15 mol%, more preferably 18
mol%, more preferably 20 mol% as measured by Carbon 13
NMR as described below. In an another embodiment, the
polymers produced herein having between 1 and 5 mol %
ethylene, have at least 2 +X mol% (CH2)2 units,
preferably 4 +X mol%, preferably 6 +X mol%, more
preferably 8 +X mol%, more preferably 10+X mol%, more
preferably 12 +X mol%, more preferably 15 +X mol%,
more preferably 18 +X mol%, more preferably 20 +X
mol%, where X is the mole % of ethylene as measured by
Carbon 13 NMR as described below. In a preferred
embodiment, the polymers produced herein, having less
than 1 Mol% ethylene, have an amorphous component
(which is defined to be that portion of the polymer
composition that has a crystallinity of less than 20%)
which contains at least 3 mol% (CH2)2 units,
preferably 4 mol%, preferably 6 mol%, more preferably
8 mol%, more preferably 10 mol%, more preferably 12
mol%, more preferably 15 mol%, more preferably 18
mol%, more preferably 20 mol% as measured by Carbon 13
NMR as described below. In an another embodiment, the
polymers produced herein having between 1 and 5 mol %
ethylene, have an amorphous component (which is
defined to be that portion of the polymer composition
that has a crystallinity of less than 20%) which
contains at least 3 +X mol% (CH2)2 units, preferably 4
+X mol%, preferably 6 +X mol%, more preferably 8 +X
mol%, more preferably 10+X mol%, more preferably 12 +X
mol%, more preferably 15 +X mol%, more preferably 18
+X mol%, more preferably 20 +X mol%, where X is the
mole % of ethylene as measured by Carbon 13 NMR as
described below. MonomersIn a preferred embodiment the
polymer comprises an olefin homopolymer or copolymer,
comprising one or more C3 to C40 alpha olefins. In
another preferred embodiment the olefin polymer
further comprises one or more diolefin comonomers,
preferably one or more C4 to C40 diolefins. In a
preferred embodiment the polymer comprises an olefin
homopolymer or copolymer, having less than 5 mol%
ethylene, and comprising one or more C3 to C40 alpha
olefins. In another preferred embodiment the olefin
polymer, having less than 5 mol% ethylene, further
comprises one or more diolefin comonomers, preferably
one or more C4 to C40 diolefins. In a preferred
embodiment the polymer produced herein is a propylene
homopolymer or copolymer. The comonomer is preferably
a C4 to C20 linear, branched or cyclic monomer, and in
one embodiment is a C4 to C12 linear or branched
alpha-olefin, preferably butene, pentene, hexene,
heptene, octene, nonene, decene, dodecene,
4-methyl-pentene-l, 3-methyl pentene-1, 3,5,5-
trimethyl-hexene-1, and the like. Ethylene may be
present at 5 mol% or less. In another embodiment the
polymer produced herein is a copolymer of one or more
linear or branched C3 to C30 prochiral alpha-olefins
or C5 to C30 ring containing olefins or combinations
thereof capable of being polymerized by either
stereospecific and non-stereospecific catalysts.
Prochiral, as used herein, refers to monomers that
favor the formation of isotactic or syndiotactic
polymer when polymerized using stereospecific
catalyst(s). The polymerizable olefinic moiety can be
linear, branched, cycliccontaining, or a mixture of
these structures. Preferred linear alpha-olefins
include C3 to C8 alpha-olefins, more preferably
propylene, 1-butene, 1-hexene, and 1- octene, even
more preferably propylene or 1-butene. Preferred
branched alphaolefins include 4-methyl-l -pentene,
3-methyl-1-pentene, and 3,5,5-trimethyl-lhexene,
5-ethyl-l-nonene. Preferred aromatic-group-containing
monomers contain up to 30 carbon atoms. Suitable
aromatic-group-containing monomers comprise at least
one aromatic structure, preferably from one to three,
more preferably a phenyl, indenyl, fluorenyl, or
naphthyl moiety. The aromatic-groupcontaining monomer
further comprises at least one polymerizable double
bond such that after polymerization, the aromatic
structure will be pendant from the polymer backbone.
The aromatic-group containing monomer may further be
substituted with one or more hydrocarbyl groups
including but not limited to Cl 



to ClO alkyl groups. Additionally two adjacent
substitutions may be joined to form a ring structure.
Preferred aromatic-group-containing monomers contain
at least one aromatic structure appended to a
polymerizable olefinic moiety. Particularly preferred
aromatic monomers include styrene,
alpha-methylstyrene, para-alkylstyrenes,
vinyltoluenes, vinylnaphthalene, allyl benzene, and
indene, especially styrene, paramethyl styrene,
4-phenyl-l-butene and allyl benzene. Non aromatic
cyclic group containing monomers are also preferred.
These monomers can contain up to 30 carbon atoms.
Suitable non-aromatic cyclic group containing monomers
preferably have at least one polymerizable olefinic
group that is either pendant on the cyclic structure
or is part of the cyclic structure. The cyclic
structure may also be further substituted by one or
more hydrocarbyl groups such as, but not limited to,
Cl to ClO alkyl groups. Preferred non-aromatic cyclic
group containing monomers include vinylcyclohexane,
vinylcyclohexene, vinylnorbornene, ethylidene
norbornene, cyclopentadiene, cyclopentene,
cyclohexene, cyclobutene, vinyladamantane and the
like. Preferred diolefin monomers useful in this
invention include any hydrocarbon structure,
preferably C4 to C30, having at least two unsaturated
bonds, wherein at least two of the unsaturated bonds
are readily incorporated into a polymer by either a
stereospecific or a non-stereospecific catalyst(s). It
is further preferred that the diolefin monomers be
selected from alpha, omega-dienemonomers (i.e.
di-vinyl monomers). More preferably, the diolefin
monomers are linear di-vinyl monomers, most preferably
those containing from 4 to 30 carbon atoms. Examples
of preferred dienes include butadiene, pentadiene,
hexadiene, heptadiene, octadiene, nonadiene,
decadiene, undecadiene, dodecadiene, tridecadiene,
tetradecadiene, pentadecadiene, hexadecadiene,
heptadecadiene, octadecadiene, nonadecadiene,
icosadiene, heneicosadiene, docosadiene, tricosadiene,
tetracosadiene, pentacosadiene, hexacosadiene,
heptacosadiene, octacosadiene, nonacosadiene,
triacontadiene, particularly preferred dienes include
1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene,
1,9-decadiene, 1,10-undecadiene, 1,11 -dodecadiene,
1,12-tridecadiene, 1,1 3-tetradecadiene, and low
molecular weight polybutadienes (Mw less than 1000
g/mol). Preferred cyclic dienes include
cyclopentadiene, vinylnorbornene, norbornadiene,
ethylidene norbornene, divinylbenzene,
dicyclopentadiene or higher ring containing diolefms
with or without substituents at various ring
positions. In a preferred embodiment one or more
dienes are present in the polymer produced herein at
up to 10 weight %, preferably at 0.00001 to 1.0 weight
%, preferably 0.002 to 0.5 weight %, even more
preferably 0.003 to 0.2 weight %, based upon the total
weight of the composition. In some embodiments 500 ppm
or less of diene is added to the polymerization,
preferably 400 ppm or less, preferably or 300 ppm or
less. In other embodiments at least 50 ppm of diene is
added to the polymerization, or 100 ppm or more, or
150 ppm or more. In a preferred embodiment the olefin
polymer is homo-polypropylene. In another preferred
embodiment the olefin polymer comprises propylene,
ethylene, preferably less than 5 mol% ethylene, and at
least one divinyl comonomer. In another preferred
embodiment the olefin polymer comprises propylene and
at least one divinyl comonomer. In another embodiment,
the olefin polymer comprises:a first monomer present
at from 40 to 95 mole %, preferably 50 to 90 mole %,
preferably 60 to 80 mole %, and a comonomer present at
from 5 to 40 mole %, preferably 10 to 60 mole %, more
preferably 20 to 40 mole %,and a termonomer present at
from 0 to 10 mole%, more preferably from 0.5 to 5
mole%, more preferably 1 to 3 mole %. In a preferred
embodiment the first monomer comprises one or more of
any C3 to C8 linear, branched or cyclic alpha
-olefins, including propylene, butene (and all isomers
thereof), pentene (and all isomers thereof), hexene
(and all isomers thereof), heptene (and all isomers
thereof), and octene (and all isomers thereof).
Preferred monomers include propylene, 1-butene,
1-hexene, 1-octene, and the like. In a preferred
embodiment the comonomer comprises one or more of any
C2 to C40 linear, branched or cyclic alpha-olefins
(provided ethylene, if present, is present at 5 mole%
or less), including ethylene, propylene, butene,
pentene, hexene, heptene, and octene, nonene, decene,
undecene, dodecene, hexadecene, styrene, 3,5,5-
trimethylhexene-1, 3-methylpentene-l,
4-methylpentene-l, norbornene and cyclopentene. In a
preferred embodiment the termonomer comprises one or
more of any C2 to C40 linear, branched or cyclic
alpha-olefins, (preferably ethylene, if present, is
present at 5 mole% or less), including, but not
limited to, ethylene, propylene, butene, pentene,
hexene, heptene, and octene, nonene, decene, undecene,



dodecene, hexadecene, butadiene, 1,5-hexadiene,
1,6-heptadiene, 1,4-pentadiene, 1,7-octadiene,
1,8-nonadiene, 1,9-decadiene, 1,1 1-dodecadiene,
styrene, 3,5,5- trimethylhexene-1, 3-methylpentene-l,
4-methylpentene-l, and cyclopentadiene.In a preferred
embodiment the polymer comprises propylene and from 0
to 50 mole % ethylene, preferably from 0 to 30 mole %
ethylene, more preferably from 0 to 15 mole %
ethylene, more preferably from 0 to 10 mole %
ethylene, more preferably from 0 to 5 mole % ethylene.
In a preferred embodiment the polymer comprises
propylene and from 0 to 50 mole % butene, preferably
from 0 to 30 mole % butene, more preferably from 0 to
15 mole % butene, more preferably from 0 to 10 mole %
butene, more preferably from 0 to 5 mole % butene. In
a preferred embodiment the polymer comprises propylene
and from 0 to 50 mole % hexene, preferably from 0 to
30 mole % hexene, more preferably from 0 to 15 mole %
hexene, more preferably from 0 to 10 mole % hexene,
more preferably from 0 to 5 mole % hexene. Process
This invention relates to a continuous process to
produce a branched olefin polymer comprising: 1)
selecting a first catalyst component capable of
producing a polymer having an Mw of 100,000 or less
and a crystallinity of 20% or less (preferably 5 % or
less) under selected polymerization conditions; 2)
selecting a second catalyst component capable of
producing polymer having an Mw of 100,000 or less and
a crystallinity of 40% (preferably 20% or more) or
more at the selected polymerization conditions; 3)
contacting a catalyst component, one or more
activators and one or more C2 to C40 olefins in a
first reaction zone, at a temperature of greater than
70C (preferably 1000C or more), and at a residence
time of 120 minutes or less (preferably 60 minutes or
less); and4) transferring the contents of the first
reaction zone to a second reaction zone and further
contacting the contents with a catalyst component, an
activator and or one or more C2 to C40 olefins, at a
temperature of greater than 70C (preferably 1000C or
more), and at a residence time of 120 minutes or less
(preferably 60 minutes or less); and 5) optionally,
transferring the contents of the second reaction zone
to a third reaction zone and further contacting the
contents with a catalyst compound, an activator and or
one or more C2 to C40 olefins, at a temperature of
greater than 70 0C (preferably greater than 1000C),
and at a residence time of 120 minutes or less,
(preferably 60 minutes or less); and 6) recovering a
branched olefin polymer comprising at least 50 mole%
of one or more C3 to C40 olefins, where the first
catalyst component is present in at least one reaction
zone and the second catalyst component is present in a
second reaction zone and where in at least one
reaction zone the C2 to C40 olefin is a C3 to C40
alpha-olefin. This invention further relates to a
continuous process to produce a branched olefin
polymer comprising: 1) selecting a first catalyst
component capable of producing a polymer having an Mw
of 100,000 or less and a heat of fusion of 70 J/g or
less (preferably 10 J/g or less) under selected
polymerization conditions; 2) selecting a second
catalyst component capable of producing polymer having
an Mw of 100,000 or less and a crystallinity of 20% or
more (preferably 30% or more) at the selected
polymerization conditions; 3) contacting a catalyst
component, one or more activators and one or more C2
to C40 olefins in a first reaction zone, at a
temperature of greater than 70 0C (preferably greater
than 1000C), and at a residence time of 120 minutes or
less, (preferably 60 minutes or less); and 4)
transferring the contents of the first reaction zone
to a second reaction zone and further contacting the
contents with a catalyst component, anactivator and or
one or more C2 to C40 olefins, at a temperature of
greater than 70 0C, (preferably greater than 100C),
and at a residence time of 120 minutes or less
(preferably 60 minutes or less); and 5) optionally,
transferring the contents of the second reaction zone
to a third reaction zone and further contacting the
contents with a catalyst compound, an activator and or
one or more C2 to C40 olefins, at a temperature of
greater than 7O0C (preferably greater than 1000C), and
at a residence time of 120 minutes or less (preferably
60 minutes or less); and 6) recovering a branched
olefin polymer comprising at least 50 mole% of one or
more C3 to C40 olefins, where the first catalyst
component is present in at least one reaction zone and
the second catalyst component is present in a second
reaction zone and where in at least one reaction zone
the C2 to C40 olefin is a C3 to C40 alpha-olefm. 



This invention further relates to a continuous process
to produce a branched olefin polymer comprising: 1)
selecting a first catalyst component capable of
producing a polymer having an Mw of 100,000 or less
and a heat of fusion of 70 J/g or less (preferably 10
J/g or less), capable of polymerizing macromonomers
having reactive termini at the selected polymerization
conditions; 2) selecting a second catalyst component
capable of producing macromonomers having reactive
termini, an Mw of 100,000 or less and a crystallinity
of 20% or more (preferably 30% or more) at the
selected polymerization conditions; 3) contacting a
catalyst component, one or more activators and one or
more C2 to C40 olefins in a first reaction zone, at a
temperature of greater than 7O0C, (preferably greater
than 100C), and at a residence time of 120 minutes or
less, (preferably 60 minutes or less); and 4)
transferring the contents of the first reaction zone
to a second reaction zone and further contacting the
contents with a catalyst component, anactivator and or
one or more C2 to C40 olefins, at a temperature of
greater than 7O0C (preferably greater than 10O0C)5 and
at a residence time of 120 minutes or less,
(preferably 60 minutes or less); and 5) optionally,
transferring the contents of the second reaction zone
to a third reaction zone and further contacting the
contents with a catalyst compound, an activator and or
one or more C2 to C40 olefins, at a temperature of
greater than 7O0C, (preferably greater than 1000C),
and at a residence time of 120 minutes or less,
(preferably 60 minutes or less); and 6) recovering a
branched olefin polymer comprising at least 50 mole%
of one or more C3 to C40 olefins, where the first
catalyst component is present in at least one reaction
zone and the second catalyst component is present in a
second reaction zone and where in at least one
reaction zone the C2 to C40 olefin is a C3 to C40
alpha-olefin. This invention further relates to a
process to produce the olefin polymers described above
comprising: 1) selecting a first catalyst component
capable of producing a polymer having an Mw of 30,000
or less and a heat of fusion of 70 J/g or less
(preferably 10 J/g or less), capable of polymerizing
macromonomers having reactive termini; 2) selecting a
second catalyst component capable of producing
macromonomers having reactive termini, an Mw of 30,000
or less and a crystallinity of 20% or more (preferably
30% or more); 3) contacting a catalyst component, one
or more activators and one or more C2 to C40 olefins
in a first reaction zone, at a temperature of greater
than 7O0C, (preferably greater than 1000C), and at a
residence time of 120 minutes or less, (preferably 60
minutes or less); and 4) transferring the contents of
the first reaction zone to a second reaction zone and
further contacting the contents with a catalyst
component, an activator and or one or more C2 to C40
olefins, at a temperature of greater than7O0C,
(preferably greater than 10O0C) and at a residence
time of 120 minutes or less, (preferably 60 minutes or
less); and 5) optionally, transferring the contents of
the second reaction zone to a third reaction zone and
further contacting the contents with a catalyst
compound, an activator and or one or more C2 to C40
olefins, at a temperature of greater than 7O0C,
(preferably greater than 10O0C) and at a residence
time of 120 minutes or less, (preferably 60 minutes or
less); and 6) recovering a branched olefin polymer
comprising at least 50 mole% of one or more C3 to C40
olefins, where the first catalyst component is present
in at least one reaction zone and the second catalyst
component is present in a second reaction zone and
where in at least one reaction zone the C2 to C40
olefin is a C3 to C40 alpha-olefin. In another
preferred embodiment this invention relates to a
continuous process to produce a branched olefin
polymer comprising: 1) selecting a first catalyst
component capable of producing a polymer having an Mw
of 100,000 or less, preferably 80,000 or less,
preferably 60,000 or less and a crystallinity of 20%
or less, preferably 15% or less, more preferably 10%
or less, under selected polymerization conditions; 2)
selecting a second catalyst component capable of
producing polymer having an Mw of 100,000 or less,
preferably 80,000 or less, preferably 60,000 or less
and a crystallinity of 20% or more, preferably 40% or
more, preferably 50% or more, more preferably 60% or
more at the selected polymerization conditions; 3)
contacting a catalyst component, one or more
activators and one or more C2 to C40 olefins
(preferably one or more C3 to C12 olefins, preferably
C3 



and one or more of ethylene and/or C4 to C20
comonomers, and, optionally one or more diolefins,
preferably a C4 to C20 diene) in a first reaction
zone, at a temperature of greater than 7O0C,
(preferably greater than 1000C, more preferably
greater than 1050C, more preferably greater than
1100C, more preferably greaterthan 115C), and at a
residence time of 120 minutes or less, (preferably 60
minutes or less, more preferably 50 minutes or less,
preferably 40 minutes, preferably 30 minutes or less,
preferably 25 minutes or less, more preferably 20
minutes or less, more preferably 15 minutes or less,
more preferably at 10 minutes or less, more preferably
at 5 minutes or less); and 4) transferring the
contents of the first reaction zone to a second
reaction zone and further contacting the contents with
a catalyst component, an activator and or one or more
C2 to C40 olefins (preferably one or more C3 to C12
olefins, preferably C3 and one or more of ethylene
and/or C4 to C20 comonomers, and, optionally one or
more diolefms, preferably a C4 to C20 diene), at a
temperature of greater than 70 0C, preferably greater
than 100C, more preferably greater than 1050C, more
preferably greater than 110C, more preferably greater
than 115C), and at a residence time of 120 minutes or
less, preferably 60 minutes or less, more preferably
50 minutes or less, preferably 40 minutes, preferably
30 minutes or less, preferably 25 minutes or less,
more preferably 20 minutes or less, more preferably 15
minutes or less, more preferably at 10 minutes or
less, more preferably at 5 minutes or less, more
preferably at 3 minutes or less); and 5) optionally,
transferring the contents of the second reaction zone
to a third reaction zone and further contacting the
contents with a catalyst compound, an activator and or
one or more C2 to C40 olefins (preferably one or more
C3 to C12 olefins, preferably C3 and one or more of
ethylene and/or C4 to C20 comonomers, and, optionally
one or more diolefms, preferably a C4 to C20 diene),
at a temperature of greater than 7O0C, (preferably
greater than 100C, more preferably greater than 105C,
more preferably greater than 1100C, more preferably
greater than 1150C), and at a residence time of 120
minutes or less, (preferably 60 minutes or less, more
preferably 50 minutes or less, preferably 40 minutes,
preferably 30 minutes or less, preferably 25 minutes
or less, more preferably 20 minutes or less, more
preferably 15 minutes or less, more preferably at 10
minutes or less, more preferably at 5 minutes or less,
more preferably at 3 minutes or less); and6)
recovering a branched olefin polymer comprising at
least 50 mole% of one or more C3 to C40 olefins, where
the first catalyst component is present in at least
one reaction zone and the second catalyst component is
present in a second (preferably different) reaction
zone and where in at least one reaction zone the C2 to
C40 olefin is a C3 to C40 alpha-olefm; and a) wherein
the ratio of the first catalyst to the second catalyst
is from 1:1 to 50:1, preferably 1:1 to 30:1,
preferably 1:1 to 20:1, more preferably 1:1 to 1:10;
b) wherein the activity of the catalyst components is
at least 3 kilograms, preferably at least 50
kilograms, more preferably at least 100 kilograms,
more preferably at least 200 kilograms, more
preferably, 300 kilograms, more preferably 400
kilograms, more preferably 50 kilograms of polymer per
gram of the catalyst mixture; and wherein at least
80%, preferably at least 85%, more preferably at least
90%, more preferably at least 95 % of the olefins are
converted to polymer. In another embodiment at least
20 % or more of the olefins are converted to polymer,
preferably 20% or more, more preferably 60% or more,
more preferably 75% or more, more preferably 85% or
more, more preferably 95% or more. In a preferred
embodiment the process described above takes place in
a solution phase, slurry or bulk phase polymerization
process. By continuous is meant a system that operates
(or is intended to operate) without interruption or
cessation. For example a continuous process to produce
a polymer would be one where the reactants are
continually introduced into one or more reactors and
polymer product is continually withdrawn.In another
preferred embodiment, in the process described above
the concentrations of the reactants vary by 20% or
less in the reaction zone during the residence time,
preferably by 15% or less, more preferably by 10% or
less. In a preferred embodiment the concentration of
the monomer(s) remains constant in the reaction zone
during the residence time. Preferably the
concentration of the monomer(s) varies by 20% or less,
preferably by 15% or less, more preferably by 10% or
less, more preferably by 5% or less. In a preferred
embodiment the concentration of the catalyst
components remains constant in the reaction zone
during the residence time. Preferably the
concentration of the monomer(s) varies by 20% or less,
preferably by 15% or less, more preferably by 10% or
less, more preferably by 5% or less. 



In a preferred embodiment the concentration of the
activator(s) remains constant in the reaction zone
during the residence time. Preferably the
concentration of the monomer(s) varies by 20% or less,
preferably by 15% or less, more preferably by 10% or
less, more preferably by 5% or less. In another
preferred embodiment a third catalyst (or more) may be
present in the processes described above. The third
catalyst may be any of the catalyst components listed
herein. Preferred third catalysts include catalysts
that are capable of producing waxes. Particularly
preferred third catalysts include those capable of
producing polymer having an Mw of 20,000 or less and a
crystallinity of 10% or less at the selected
polymerization conditions. In another embodiment,
particularly preferred third catalysts include those
capable of producing polymer having an Mw of 20,000 or
less and a crystallinity of 10% or more, preferably
20% or more, at the selected polymerization
conditions. Other preferred third catalysts may
include any catalyst described herein. One may select
two or more catalysts to produce various macromonomers
havingreactive termini, used in combination with a
catalyst that can polymerize such macromonomers. One
may select two or more catalysts that can polymerize
macromonomers and one catalyst that can produce
macromonomers with reactive termini. Likewise one
could also select three catalysts that produce
different polymers under the same reaction conditions.
For example one could select a catalyst that produces
a somewhat crystalline polymer, one that produces a
very crystalline polymer and one that produces an
amorphous polymer, any of which may produce
macromonomers with reactive termini or polymerize
polymers having reactive termini. Similarly one could
select two catalysts, one that produces crystalline
polymers and one that produces an amorphous polymer,
any of which may make macromonomers with reactive
termini or polymerize polymers having reactive
termini. Likewise one could select a catalyst that
produces a somewhat crystalline polymer, one that
produces a wax and one that produces an amorphous
polymer, any of which may make macromonomers with
reactive termini or polymerize polymers having
reactive termini. By reaction zone is meant an area
where the activated catalyst and monomers can react.
By macromonomers having reactive termini is meant a
polymer having twelve or more carbon atoms (preferably
20 or more, more preferably 30 or more, more
preferably between 12 and 8000 carbon atoms) and
having a vinyl, vinylidene, vinylene or other terminal
group that can be polymerized into a growing polymer
chain. By capable of polymerizing macromonomer having
reactive termini is meant a catalyst component that
can incorporate a macromonomer (which tend to be
molecules larger than a typical single monomer such as
ethylene or propylene), having reactive termni into a
growing polymer chain. Vinyl terminated chains are
generally more reactive than vinylene or vinylidene
terminated chains.In a preferred embodiment propylene
is present in the first, second and or third reaction
zone, preferably at an amount of 20 to 100 weight %,
based upon the weight of the monomers present in the
reaction zone, preferably 40 to 99 weight %, more
preferably 60 to 95 weight %. In a preferred
embodiment ethylene is present in the first, second
and or third reaction zone, preferably at an amount of
up to 50 weight %, preferably at 1 to 40 weight %,
preferably 5-20 weight %, preferably at 5-10 weight%,
based upon the weight of the monomers in the reaction
zone. In another embodiment, ethylene is not present
in the reaction zone, or if present is present at 10
weight % or less, preferably 5 weight % or less,
preferably 3 weight % or less, preferably 2 weight %
or less, preferably 1 weight % or less, preferably 0.5
weight % or less, based on the weight of the monomers
in the reaction zone. In a preferred embodiment
ethylene and propylene are present in the first,
second and or third reaction zone. In another
embodiment propylene is present in the first reaction
zone at 100 weight %, (based upon the weight of the
monomers present in the first reaction zone) and
ethylene is present in the second reaction zone at up
to 50 weight%, (based upon the weight of the monomers
present in the second reaction zone). In another
embodiment ethylene is present in the first reaction
zone at 100 weight %, (based upon the weight of the
monomers present in the first reaction zone). In
another embodiment propylene is present at 100 weight
%, (based upon the weight of the monomers present in
the first reaction zone) in the first reaction zone
and the second reaction zone.In another embodiment
propylene and ethylene are present in the first
reaction zone and no ethylene, other than residual
ethylene monomer present in the contents of the first
reaction zone, is introduced into the second reaction
zone. 



In another embodiment ethylene is intermittently
introduced into one or more reaction zones. In another
embodiment propylene is present in the first reaction
zone, ethylene is present in the second reaction zone,
the second catalyst component is present in the first
reaction zone, and the first catalyst component is
present in the second reaction zone. In another
embodiment propylene is present in the first reaction
zone, propylene and ethylene or other monomers are
present in the second reaction zone, the second
catalyst component is present in the first reaction
zone, and the first catalyst component is present in
the second reaction zone. In another embodiment
propylene is present in the first reaction zone,
propylene and ethylene are present in the second
reaction zone, the second catalyst component is
present in the first reaction zone, and the first
catalyst component is present in the second reaction
zone. In another embodiment propylene and ethylene are
present in the first reaction zone, propylene is
present in the second reaction zone, the first
catalyst component is present in the first reaction
zone, and the second catalyst component is present in
the second reaction zone. In another embodiment
propylene is present in the first reaction zone,
propylene and ethylene are present in the second
reaction zone, the second catalystcomponent is present
in the first reaction zone, and the second catalyst
component is present in the second reaction zone. In
another embodiment ethylene is present in the first
reaction zone, propylene and ethylene or other
monomers are present in the second reaction zone, the
first catalyst component is present in the first
reaction zone, and the first and the second catalyst
components are present in the second reaction zone,
and the catalyst compound present in the first
reaction zone is capable of producing polymer having
an Mw of 20,000 or less and a crystallinity of 50 % or
more at the selected polymerization conditions. In
another embodiment ethylene is present in the first
reaction zone, propylene is present in the second
reaction zone, propylene is present in the third
reaction zone, the first catalyst component is present
in the second reaction zone, and the second catalyst
component is present in the third reaction zone, and
the catalyst compound present in the first reaction
zone is capable of producing polymer having an Mw of
20,000 or less and a crystallinity of 10% or less at
the selected polymerization conditions. In another
embodiment ethylene is present in the first reaction
zone, propylene is present in the second reaction
zone, propylene is present in the third reaction zone,
the first catalyst component is present in the second
reaction zone, and the second catalyst component is
present in the third reaction zone, and the catalyst
compound present in the first reaction zone is capable
of producing polymer having an Mw of 20,000 or less
and a crystallinity of 10% or more, preferably 20% or
more, preferably 30% or more, preferably 40% or more,
preferably 50% or more at the selected polymerization
conditions. In another embodiment all catalyst
components are only introduced into the first reaction
zone and no catalyst components, other than residual
catalystcomponents present in the contents of the
first reaction zone, is introduced into the second
reaction zone. In another embodiment only one catalyst
component is present in all the reaction zones. The
catalyst component can be introduced into the first
reaction zone only, or introduced into multiple
reaction zones. In another embodiment more than two
catalyst components are present in one or all reaction
zones, at least one of the catalyst components is
capable of producing a polymer having a crystallininty
of 5 % or less, and at least one other of the catalyst
components is capable of producing a polymer having a
crystallininty of 20 % or more at the selected
polymerization conditions. In another embodiment a
diolefn monomer is present in one or all of the
reaction zones. In another embodiment hydrogen is
present in one or all of the reaction zones. In a
particular embodiment the present invention is
directed to a polyolefin polymer produced by
copolymerizing one or more C3 or higher alpha-olefins
and/or one or more di-vinyl monomers, and optionally
up to 5 mol% ethylene, in the presence of at least one
stereospecific catalyst system and at least one other
catalyst system. The polymer so produced may contain
amorphous polymer segments and crystalline polymer
segments in which at least some of the segments are
linked. Typically the amorphous and the crystalline
polymer segments are copolymers of one or more
alpha-olefins (optionally including up to 5 mol%
ethylene) and/or one or more monomers having at least
two olefinically 



unsaturated bonds. Both of these unsaturated bonds are
suitable for and readily incorporated into a growing
polymer chain by coordination polymerization
usingeither the first or second catalyst systems
independently such that the di-olefm is incorporated
into polymer segments produced by both catalysts in
the mixed catalyst system according to this invention.
In a preferred embodiment these monomers having at
least two olefinically unsaturated bonds are
di-olefms, preferably di-vinyl monomers. Crosslinking
of at least a portion of the mixture of polymer
segments is believed to be accomplished during the
polymerization of the composition by incorporation of
a portion of di-vinyl comonomers into two polymer
segments, thus producing a crosslink between those
segments. In another embodiment, polyolefn
branch-block compositions containing amorphous and
semi-crystalline components may be prepared in two or
more reactors to yield desired property balance. In
particular, aPP-g-scPP branch structures may be
produced in-situ in two or more continuous solution
reactors using mixed catalysts and propylene as the
preferred feed. In one embodiment stereospecific
bridged bis-indenyl group 4 catalysts can be selected
to produce semicrystalline PP macromonomers. (All
references to the Periodic Table of the Elements are
to the Table published in Chemical and Engineering
News, 63(5), 27, 1985.) A bridged
mono-cyclopentadienyl heteroatom group 4 catalyst can
be used to build amorphous PP (aPP) backbone while
simultaneously incorporating some of the
semi-crystalline macromonomers (scPP). This is
believed to produce a aPP-g-scPP structure where the
"-g-" indicates that the polymer types are at least
partially grafted. By selecting the catalysts, the
polymerization reaction conditions, and/or by
introducing a diene modifier, the amorphous and
crystalline components can be linked together to
produce various branch-block structures. To
effectively incorporate into a growing chain, a
macromonomer with vinyl end group is preferred. Other
types of chain end unsaturations (vinylene and
vinylidene) can also be used. While not wishing to be
bound by theory, branchblock copolymer is believed to
comprise an amorphous backbone having crystalline side
chains originating from the scPP macromonomers and the
sidechains are believed to be polypropylene
macromonomers, which can beprepared under solution
polymerization conditions with catalysts suitable for
preparing either of isotactic or syndiotactic
polypropylene. A preferred reaction process to produce
polypropylene macromonomers having high levels of
terminal vinyl unsaturation is described in U.S.
patent 6,1 17,962. Typically used catalysts are
stereorigid, chiral or asymmetric, bridged
metallocenes. See, for example, U.S. Pat. No.
4,892,851, U.S. Pat. No. 5,017,714, U.S. Pat. No.
5,132,281, U.S. Pat. No. 5,296,434, U.S. Pat. No.
5,278,264, U.S. Pat. No. 5,304,614, U.S. Pat. No.
5,510,502, WO-A-(PCT/US92/1 0066) WO-A- 93/19103,
EP-A2-0 577 581, EP-Al-O 578 838, and academic
literature "The Influence of Aromatic Substituents on
the Polymerization Behavior of Bridged Zirconocene
Catalysts", Spaleck, W., et al, Organometallics 1994,
13, 954-963, and "ansa-Zirconocene Polymerization
Catalysts with Annelated Ring Ligands- Effects on
Catalytic Activity and Polymer Chain Lengths",
Brinzinger, H., et al, Organometallics 1994, 13,
964-970, and documents referred to therein. In some
embodiments, the first catalyst which comprises a
stereorigid transition metal pre-catalyst compound
used to produce the semi-crystalline polypropylene
macromonomers of the present invention is selected
from the group consisting of racemic bridged
bis(indenyl) zirconocenes or hafnocenes. In a another
embodiment, the transition metal pre-catalyst compound
is a racdimethylsilyl- bridged bis(indenyl)
zirconocene or hafhocene. In another embodiment, the
transition metal pre-catalyst compound is
rac-dimethylsilyl bis(2-methyl-4-phenylindenyl)
zirconium or hafnium dichloride or dimethyl. In
another preferred embodiment, the transition metal
catalyst is a rac-dimethylsilylbridged bis(indenyl)
hafnocene such as rac-dimethylsilyl
bis(indenyl)hafnium dimethyl or dichloride. It is
believed that the fraction of branch-block and the
level of branching depend on the availability of
macromonomers with unsaturated chain end
andmacromonomer incorporation capability of the
specific catalyst. To increase the population of
aPP-g-scPP branch-block composition, one typically
operates within a process window that favors
macromonomer production and insertion. Such conditions
have been described in U.S. patent 6, 117, 962 and the
journal article by W. Weng et. al, Macromol. Rapid
Commun., 2000, 21, 1103-1 107 and are further
illustrated by the examples therein. It is also
believed that the higher the population of vinyl
terminated scPP macromonomers the higher the
probability of getting them incorporated into aPP
backbone and therefore the higher the branch-block
population. To further increase the population of
macromonomers having vinyl chain ends diolefin
monomers can be introduced into the reaction medium.
The resultant product is typically a blend comprised
of isotactic polypropylene 



segments, atactic polypropylene segments, and
increased population of branchblock species resulting
from the additional couplings brought about by the
diolefin crosslinking agent. Crosslinking typically
refers to the connection of two polymer segments by
incorporation of each double bond of a diolefin
monomer into two different polymer segments. The
polymer segments so connected can be the same or
different, with respect to their crystallinity. Three
or more polymer segments may also be connected via
incorporation of two or more diolefns in on polymer
segment into two other polymer segments. A
consideration for selection of the monomer, or
combinations of monomers, is that, both crystalline
and amorphous polymer segments can be formed with the
selection of two or more different catalyst systems.
In some embodiments it is further desired that the
level of incorporation of the diolefin monomer, if
present, into the crystalline segments be limited to
an amount thatwill not substantially alter its
crystallinity. The diolefin coupling agent is
typically kept minimum to insure the overall
composition has a viscosity of 80000 mPa"s or less for
some adhesive applications. As mentioned above, to
increase the population of aPP-g-scPP branchblock
composition, one typically operates within a process
window that favors macromonomer production and
insertion. Favorable conditions include: 1. High
concentration of catalyst producing the
semi-crystalline vinyl terminated macromonomers, and
or 2. Adjusting the Al/metal ratio; and or 3. High
operating temperature; and or 4. Catalyst structure
that has a high affinity for macromonomer
incorporation; and or 5. Relatively long residence
time; and or 6. High monomer conversion (monomer
starvation condition enhances the insertion of
macromonomer); and or 7. Addition of modifier (diene)
to enhance the population of vinyl terminated
macromonomers. Another method of enhancing aPP-g-scPP
branch block compositions is to add in a chain
transfer agent that transfers a vinyl group to the end
of the polymer chain while deactivating the catalyst.
Such chain transfer agents include, but are not
limited to, vinyl chloride, vinyl fluoride, vinyl
bromide. In the process, the catalyst is reactivated
by the presence of an aluminum alkyl activator such as
an alumoxane (typically methylalumoxane).Similarly,
melting and crystallization characteristics can be
controlled through catalyst selection, comonomer
addition and changes in process conditions such as
temperature and catalyst ratio if more than one
catalyst is used. Catalyst Compounds Any catalyst
compound that can produce the desired polymer species
(i.e. a polymer having an Mw of 100,000 or less and a
heat of fusion of 70 J/g or less, or a polymer having
an Mw of 100,000 or less and a crystallinity of 70% or
less) may be used in the practice of this invention.
In the description herein the transition metal
compound may be described as a catalyst precursor, a
pre-catalyst compound or a catalyst compound, and
these terms are used interchangeably. A catalyst
system is combination of a catalyst precursor and an
activator. Catalyst Compounds and Selection Any
pre-catalyst compound (catalyst precursor compound)
that can produce the desired polymer species (i.e. a
polymer having an Mw of 100,000 or less and
crystallinity of 5% or less, or a polymer having an Mw
of 100,000 or less and a crystallinity of 20% or more)
may be used in the practice of this invention.
Pre-catalyst compounds which may be utilized in the
process of the invention include metallocene
transition metal compounds (containing one, two, or
three cyclopentadienyl ligands per metal atom),
non-metallocene early transition metal compounds
(including those with amide and/or phenoxide type
ligands), nonmetallocene late transition metal
compounds (including those with diimine or
diiminepyridyl ligands), and other transition metal
compounds. Generally, bulky ligand metallocene
compounds (pre-catalysts) useful in this invention
include half and full sandwich compounds having one or
more bulky ligands bonded to at least one metal atom.
Typical bulky ligand metallocene compounds are
generally described as containing one or more
bulkyligand(s) and one or more leaving group(s) bonded
to at least one metal atom. The bulky ligands are
generally represented by one or more open, acyclic, or
fused ring(s) or ring system(s) or a combination
thereof. These bulky ligands, preferably the ring(s)
or ring system(s) are typically composed of atoms
selected from Groups 13 to 16 atoms of the Periodic
Table of Elements, preferably the atoms are selected
from the group consisting of carbon, nitrogen, oxygen,
silicon, sulfur, phosphorous, germanium, boron and
aluminum or a combination thereof. 



Most preferably, the ring(s) or ring system(s) are
composed of carbon atoms such as but not limited to
those cyclopentadienyl ligands or
cyclopentadienyl-type ligand structures or other
similar functioning ligand structure such as a
pentadienyl, a cyclooctatetraendiyl, a
cyclobutadienyl, or a substituted allyl ligand. Other
ligands that can function similarly to a
cyclopentadienyl-type ligand include amides,
phosphides, imines, phosphinimines, amidinates, and
orthosubstituted phenoxides. The metal atom is
preferably selected from Groups 3 through 15 and or
lanthanide or actinide series of the Periodic Table of
Elements. Preferably the metal is a transition metal
from Groups 3 through 12, more preferably Groups 4, 5
and 6, and most preferably the transition metal is
from Group 4. In one embodiment, the catalyst
composition useful in the invention includes one or
more bulky ligand metallocene catalyst compounds
represented by the formula: LALBMQ*n (1) where M is a
metal atom from the Periodic Table of the Elements and
may be a Group 3 to 12 metal or from the lanthanide or
actinide series of the Periodic Table of Elements,
preferably M is a Group 4, 5 or 6 transition metal,
more preferably M is a Group 4 transition metal, even
more preferably M is zirconium, hafnium or titanium.
The bulky ligands, LA and LB, are open, acyclic or
fused ring(s) or ringsystem(s) and are any ancillary
ligand system, including unsubstituted or substituted,
cyclopentadienyl ligands or cyclopentadienyl-type
ligands, heteroatom substituted and/or heteroatom
containing cyclopentadienyl-type ligands. Non-limiting
examples of bulky ligands include cyclopentadienyl
ligands, cyclopentaphenanthreneyl ligands, indenyl
ligands, benzindenyl ligands, fluorenyl ligands,
dibenzo[b,h]fluorenyl ligands, benzo[b]fluorenyl
ligands, cyclooctatetraendiyl ligands,
cyclopentacyclododecene ligands, azenyl ligands,
azulene ligands, pentalene ligands, phosphoyl ligands,
phosphinimine (WO 99/40125), pyrrolyl ligands,
pyrozolyl ligands, carbazolyl ligands, boratobenzene
ligands and the like, including hydrogenated versions
thereof, for example tetrahydroindenyl ligands. In one
embodiment, LA and LBmay be any other ligand structure
capable of p-bonding to M. In yet another embodiment,
the atomic molecular weight (MW) of LA or LB exceeds
60 a.m.u., preferably greater than 65 a.m.u. In
another embodiment, LA and LBmay comprise one or more
heteroatoms, for example, nitrogen, silicon, boron,
germanium, sulfur and phosphorous, in combination with
carbon atoms to form an open, acyclic, or preferably a
fused, ring or ring system, for example, a
hetero-cyclopentadienyl ancillary ligand. Other LA and
LB bulky ligands include but are not limited to bulky
amides, phosphides, alkoxides, aryloxides, imides,
carbolides, borollides, porphyrins, phthalocyanines,
corrins and other polyazomacrocycles. Independently,
each LA and LBmay be the same or different type of
bulky ligand that is bonded to M. In one embodiment of
Formula 1 only one of either LA or LB is present.
Independently, each LA and LBmay be unsubstituted or
substituted with a combination of substituent groups
R*. Non-limiting examples of substituent groups R*
include one or more from the group selected from
hydrogen, or linear or branched alkyl radicals,
alkenyl radicals, alkynyl radicals, cycloalkyl
radicals, aryl radicals, acyl radicals, aroyl
radicals, alkoxy radicals, aryloxy radicals, alkylthio
radicals, dialkylamino radicals, alkoxycarbonyl
radicals, aryloxycarbonyl radicals, carbomoyl
radicals, alkyl- or dialkyl- carbamoylradicals,
acyloxy radicals, acylamino radicals, aroylamino
radicals or combination thereof. In a preferred
embodiment, substituent groups R* have up to 50
nonhydrogen atoms, preferably from 1to 30 carbon, that
can also be substituted with halogens or heteroatoms
or the like. Non-limiting examples of alkyl
substituents R* include methyl, ethyl, propyl, butyl,
pentyl, hexyl, cyclopentyl, cyclohexyl, benzyl or
phenyl groups and the like, including all their
isomers, for example tertiary butyl, isopropyl, and
the like. Other hydrocarbyl radicals include
fluoromethyl, fluoroethyl, difluoroethyl, iodopropyl,
bromohexyl, chlorobenzyl and hydrocarbyl substituted
organometalloid radicals including trimethylsilyl,
trimethylgermyl, methyldiethylsilyl and the like; and
halocarbyl-substituted organometalloid radicals
including tris(trifluoromethyl)silyl, methylbis(
difluoromethyl)silyl, bromomethyldimethylgermyl and
the like; and disubstituted boron radicals including
dimethylboron for example; and disubstituted pnictogen
radicals including dimethylamine, dimethylphosphine,
diphenylamine, methylphenylphosphine, chalcogen
radicals including methoxy, ethoxy, propoxy, phenoxy,
methylsulfide and ethylsulfide. Non-hydrogen
substituents R* include the atoms carbon, silicon,
boron, aluminum, nitrogen, phosphorous, oxygen, tin,
sulfur, germanium and the like, including olefins such
as but not limited to olefinically unsaturated
substituents including vinylterminated 



ligands, for example but-3-enyl, prop-2-enyl,
hex-5-enyl and the like. Also, at least two R* groups,
preferably two adjacent R groups, are joined to form a
ring structure having from 3 to 30 atoms selected from
carbon, nitrogen, oxygen, phosphorous, silicon,
germanium, aluminum, boron or a combination thereof.
Also, a substituent group, R*, may also be a diradical
bonded to L at one end and forming a carbon sigma bond
to the metal M. Other ligands may be bonded to the
metal M, such as at least one leaving group Q*. In one
embodiment, Q* is a monoanionic labile ligand having a
sigma-bond to M. Depending on the oxidation state of
the metal, the value for n is 0, 1 or 2 such that
Formula 1 above represents a neutral bulky ligand
metallocene catalyst compound. Non-limiting examples
of Q* ligands include weak bases such as amines,
phosphines, ethers, carboxylates,dienes, hydrocarbyl
radicals having from 1to 20 carbon atoms, hydrides or
halogens and the like or a combination thereof. In
another embodiment, two or more Q*' s form a part of a
fused ring or ring system. Other examples of Q*
ligands include those substituents for R* as described
above and including cyclobutyl, cyclohexyl, heptyl,
tolyl, trifluoromethyl, tetramethylene (both Q*),
pentamethylene (both Q*), methylidene (both Q*),
methoxy, ethoxy, propoxy, phenoxy,
bis(N-methylanilide), dimethylamide, dimethylphosphide
radicals and the like. In another embodiment, the
catalyst composition useful in the invention may
include one or more bulky ligand metallocene catalyst
compounds where LA and LB of Formula 1are bridged to
each other by at least one bridging group, A*, as
represented by Formula 2. LAA*LBMQ*n (2) The compounds
of Formula 2 are known as bridged, bulky ligand
metallocene catalyst compounds. LA, LB,M, Q* and n are
as defined above. Non-limiting examples of bridging
group A* include bridging groups containing at least
one Group 13 to 16 atom, often referred to as a
divalent moiety such as but not limited to at least
one of a carbon, oxygen, nitrogen, silicon, aluminum,
boron, germanium and tin atom or a combination
thereof. Preferably bridging group A* contains a
carbon, silicon or germanium atom, most preferably A*
contains at least one silicon atom or at least one
carbon atom. The bridging group A* may also contain
substituent groups R* as defined above including
halogens and iron. Non-limiting examples of bridging
group A* may be represented by R'2C, R'2CCR' 2, R'2Si,
R'2SiCR' 2, R'2SiSiR' 2 R'2Ge, RT, R'N, R'B where R'
is independently, a radical group which is hydride,
hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted
organometalloid, disubstituted boron,disubstituted
pnictogen, substituted chalcogen, or halogen or two or
more R' may be joined to form a ring or ring system.
In one embodiment, the bridged, bulky ligand
metallocene catalyst compounds of Formula 2 have two
or more bridging groups A* (EP 664 301 Bl). In another
embodiment, the bulky ligand metallocene catalyst
compounds are those where the R* substituents on the
bulky ligands LA and LB of Formulas 1 and 2 are
substituted with the same or different number of
substituents on each of the bulky ligands. In another
embodiment, the bulky ligands LA and LBof Formulas 1
and 2 are different from each other. Other bulky
ligand metallocene catalyst compounds and catalyst
systems useful in the invention may include those
described in U.S. Patent Nos. 5,064,802, 5,145,819,
5,149,819, 5,243,001, 5,239,022, 5,276,208, 5,296,434,
5,321,106, 5,329,031, 5,304,614, 5,677,401, 5,723,398,
5,753,578, 5,854,363, 5,856,547 5,858,903, 5,859,158,
5,900,517 and 5,939,503 and PCT publications WO
93/08221, WO 93/08199, WO95/07140, WO 98/11144, WO
98/41530, WO 98/41529, WO 98/46650, WO 99/02540 and WO
99/14221 and European publications EP-A-O 578 838,
EP-A-O 638 595, EP-B-O 513 380, EP-Al-O 816 372,
EP-A2-0 839 834, EP-Bl-O 632 819, EP-Bl-O 748 821 and
EP-Bl-O 757 996, all of which are herein fully
incorporated by reference. In another embodiment, the
catalyst compositions useful in the invention may
include bridged heteroatom, mono-bulky ligand
metallocene compounds. These types of catalysts and
catalyst systems are described in, for example, PCT
publication WO 92/00333, WO 94/07928, WO 91/ 04257, WO
94/03506, WO96/00244, WO 97/15602 and WO 99/20637 and
U.S. Patent Nos. 5,057,475, 5,096,867, 5,055,438,
5,198,401, 5,227,440 and 5,264,405 and European
publication EP-A-O 420 436, all of which are herein
fully incorporated by reference.In another embodiment,
the catalyst composition useful in the invention
includes one or more bulky ligand metallocene catalyst
compounds represented by Formula 3: LcA*J*MQ*n (3)
where M is a Group 3 to 16 metal atom or a metal
selected from the Group of 



actinides and lanthanides of the Periodic Table of
Elements, preferably M is a Group 3 to 12 transition
metal, and more preferably M is a Group 4, 5 or 6
transition metal, and most preferably M is a Group 4
transition metal in any oxidation state, and is
especially titanium; Lc is a substituted or
unsubstituted bulky ligand bonded to M; J* is bonded
to M; A* is bonded to J* and Lc ; J is a heteroatom
ancillary ligand; and A* is a bridging group; Q* is a
univalent anionic ligand; and n is the integer 0, 1 or
2. In Formula 3 above, Lc , A* and J* form a fused
ring system. In an embodiment, Lc of Formula 3 is as
defined above for LA. A*, M and Q* of Formula 3 are as
defined above in Formula 1. In Formula 3, J* is a
heteroatom containing ligand in which J* is an element
with a coordination number of three from Group 15 or
an element with a coordination number of two from
Group 16 of the Periodic Table of Elements. Preferably
J* contains a nitrogen, phosphorus, oxygen or sulfur
atom with nitrogen being most preferred. In an
embodiment of the invention, the bulky ligand
metallocene catalyst compounds are heterocyclic ligand
complexes where the bulky ligands, the ring(s) or ring
system(s), include one or more heteroatoms or a
combination thereof. Non-limiting examples of
heteroatoms include a Group 13 to 16 element,
preferably nitrogen, boron, sulfur, oxygen, aluminum,
silicon, phosphorous and tin. Examples of these bulky
ligand metallocene catalyst compounds are described in
WO 96/33202, WO 96/34021, WO 97/17379 and WO 98/22486
and EP-Al-O 874 005 and U.S. Patent No. 5,637,660,
5,539,124, 5,554,775,5,756,61 1, 5,233,049, 5,744,417,
and 5,856,258 all of which are herein incorporated by
reference. In one embodiment, the bulky ligand
metallocene compounds (precatalysts) are those
complexes based on bidentate ligands containing
pyridine or quinoline moieties, such as those
described in U.S. Application Serial No. 09/103,620
filed June 23, 1998, which is herein incorporated by
reference. In another embodiment, the bulky ligand
metallocene catalyst compounds are those described in
PCT publications WO 99/01481 and WO 98/42664, which
are fully incorporated herein by reference. In another
embodiment, the bulky ligand metallocene catalyst
compound is a complex of a metal, preferably a
transition metal, a bulky ligand, preferably a
substituted or unsubstituted pi-bonded ligand, and one
or more heteroallyl moieties, such as those described
in U.S. Patent Nos. 5,527,752 and 5,747,406 and
EP-Bl-O 735 057, all of which are herein fully
incorporated by reference. In another embodiment, the
bulky ligand metallocene catalyst compounds are those
described in PCT publications WO 99/01481 and WO
98/42664, which are fully incorporated herein by
reference. Useful Group 6 bulky ligand metallocene
catalyst systems are described in U.S. Patent No.
5,942,462, which is incorporated herein by reference.
Still other useful catalysts include those
multinuclear metallocene catalysts as described in WO
99/20665 and 6,010,794, and transition metal
metaaracyle structures described in EP 0 969 101 A2,
which are herein incorporated herein by reference.
Other metallocene catalysts include those described in
EP 0 950 667 Al, double cross-linked metallocene
catalysts (EP 0 970 074 Al), tetheredmetallocenes (EP
970 963 A2) and those sulfonyl catalysts described in
U.S. Patent No. 6,008,394, which are incorporated
herein by reference. It is also contemplated that in
one embodiment the bulky ligand metallocene catalysts,
described above, include their structural or optical
or enantiomeric isomers (meso and racemic isomers, for
example see U.S. Patent No. 5,852,143, incorporated
herein by reference) and mixtures thereof. It is
further contemplated that any one of the bulky ligand
metallocene catalyst compounds, described above, have
at least one fluoride or fluorine containing leaving
group as described in U.S. Application Serial No.
09/191,916 filed November 13, 1998. The Group 15
containing metal compounds utilized in the catalyst
composition of the invention are prepared by methods
known in the art, such as those disclosed in EP 0 893
454 Al, U.S. Patent No. 5,889,128 and the references
cited in U.S. Patent No. 5,889,128 which are all
herein incorporated by reference. U.S. Application
Serial Number 09/312,878, filed May 17, 1999,
discloses a gas or slurry phase polymerization process
using a supported bisamide catalyst, which is also
incorporated herein by reference. For additional
information of Group 15 containing metal compounds,
please see Mitsui Chemicals, Inc. in EP 0 893 454 Al
which discloses transition metal amides combined with
activators to polymerize olefins. In one embodiment
the Group 15 containing metal compound is allowed to
age prior to use as a polymerization. It has been
noted on at least one occasion that one such catalyst
compound (aged at least 48 hours) performed better
than a newly prepared catalyst compound.It is further
contemplated that bis-amide based pre-catalysts may be
used. 



Exemplary compounds include those described in the
patent literature. International patent publications
WO 96/23010, WO 97/48735 and Gibson, et al., Chem.
Comm., pp. 849-850 (1998), which disclose
diimine-based ligands for Group-8-10 compounds that
undergo ionic activation and polymerize olefins.
Polymerization catalyst systems from Group-5-10
metals, in which the active center is highly oxidized
and stabilized by low-coordination-number,
polyanionic, ligand systems, are described in U.S.
Patent 5,502,124 and its divisional U.S. Patent
5,504,049. See also the Group-5 organometallic
catalyst compounds of U.S. Patent 5,851,945 and the
tridentate-ligand-containing, Group-5-10,
organometallic catalysts of U.S. Patent No. 6, 294,
495. Group-1 1 catalyst precursor compounds,
activatable with ionizing cocatalysts, useful for
olefin and vinylic polar molecules are described in WO
99/30822. Other useful catalyst compounds are those
Group 5 and 6 metal imido complexes described in
EP-A2-0 816 384 and U.S. Patent No. 5,85 1,945, which
is incorporated herein by reference. In addition,
metallocene catalysts include bridged bis(arylamido)
Group 4 compounds described by D.H. McConville, et
al., in Organometallics 1995, 14, 5478-5480, which is
herein incorporated by reference. In addition, bridged
bis(amido) catalyst compounds are described in WO
96/27439, which is herein incorporated by reference.
Other useful catalysts are described as bis(hydroxy
aromatic nitrogen ligands) in U.S. Patent No.
5,852,146, which is incorporated herein by reference.
Other useful catalysts containing one or more Group 15
atoms include those described in WO 98/46651, which is
herein incorporated herein by reference. U.S. Patent
5,318,935 describes bridged and unbridged, bisamido
catalyst compounds of Group-4 metals capable of
a-olefins polymerization. Bridged
bi(arylamido)-Group-4 compounds for olefin
polymerization are described by D.H. McConville, et
al., in Organometallics 1995, 14, 5478-5480. This
reference presents synthetic methods and compound
characterizations. Further work appearing in D. H.
McConville, et al, Macromolecules 1996, 29, 5241-5243,
describes bridged bis(arylamido)-Group-4 compounds
that are polymerization catalysts for 1-hexene.
Additional invention-suitable transition metal
compounds include those described in WO 96/40805.
Cationic Group-3- or Lanthanide-metal olefin
polymerization complexes are disclosed in copending
U.S. Application Ser. No. 09/408,050, filed 29
September 1999. A monoanionic bidentate ligand and two
monoanionic ligands stabilize those catalyst
precursors, which can be activated with this
invention's ionic cocatalysts. The literature
describes many additional suitable catalyst-precursor
compounds. Compounds that contain abstractable ligands
or that can be alkylated to contain abstractable
ligands suit this invention. See, for instance, V. C.
Gibson, et al; "The Search for New-Generation Olefin
Polymerization Catalysts: Life Beyond Metallocenes",
Angew. Chem. Int. Ed, 38, 428-447 (1999). This
invention may also be practiced with the catalysts
containing phenoxide ligands such as those disclosed
in EP 0 874 005 Al, which in incorporated by reference
herein. In another embodiment, conventional-type
transition metal catalysts may be used in the practice
of this invention. Conventional-type transition metal
catalysts are those traditional Ziegler-Natta,
vanadium and Phillips-type catalysts well known in the
art. Such as, for example Ziegler-Natta catalysts as
described in Ziegler-Natta Catalysts and
Polymerizations, John Boor, Academic Press, New York,
1979. Examples of conventional-type transition metal
catalysts are also discussed in U.S. Patent Nos. 4,1
15,639, 4,077,904, 4,482,687, 4,564,605, 4,721,763,
4,879,359 and 4,960,741, all of which are herein fully
incorporated by reference. The conventional-type
transition metal catalyst compounds that may beused in
the present invention include transition metal
compounds from Groups 3 to 17, preferably 4 to 12,
more preferably 4 to 6 of the Periodic Table of
Elements. Preferred conventional-type transition metal
catalysts may be represented by the formula: MRx,
where M is a metal from Groups 3 to 17, preferably
Group 4 to 6, more preferably Group 4, most preferably
titanium; R is a halogen or a hydrocarbyloxy group;
and x is the oxidation state of the metal M.
Non-limiting examples of R include alkoxy, phenoxy,
bromide, chloride and fluoride. Nonlimiting examples
of conventional-type transition metal catalysts where
M is titanium include TiCl4, TiBr4, Ti(OC2H5)3Cl,
Ti(OC2H5)Cl3, Ti(OC4H9)3Cl, Ti(OC3H7)2Cl2,
Ti(OC2H5)2Br2, TiCl3 1/3AlCl3and Ti(OC12H25)Cl3.
Conventional-type transition metal catalyst compounds
based on magnesium/titanium electron-donor complexes
that are useful in the invention are described in, for
example, U.S. Patent Nos. 4,302,565 and 4,302,566,
which are herein fully incorporate by reference. The
MgTiCl6 (ethyl acetate)4 derivative is particularly
preferred. 



British Patent Application 2,105,355 and U.S. Patent
No. 5,317,036, herein incorporated by reference,
describes various conventional-type vanadium catalyst
compounds. Non-limiting examples of conventional-type
vanadium catalyst compounds include vanadyl trihalide,
alkoxy halides and alkoxides such as VOCl3, VOCl2(OBu)
where Bu =butyl and VO(OC2H5)3; vanadium tetra-halide
and vanadium alkoxy halides such as VCl4 and
VCl3(OBu); vanadium and vanadyl acetyl acetonates and
chloroacetyl acetonates such as V(AcAc)3 and
VOCl2(AcAc) where (AcAc) is an acetyl acetonate. The
preferred conventional-type vanadium catalyst
compounds are VOCl3, VCl4 and VOCl2-OR where R is a
hydrocarbon radical, preferably a C1 to C10 aliphatic
or aromatic hydrocarbon radical such as ethyl, phenyl,
isopropyl, butyl, propyl, n-butyl, iso-butyl,
tertiary-butyl, hexyl5 cyclohexyl, naphthyl, etc., and
vanadium acetyl acetonates.Conventional-type chromium
catalyst compounds, often referred to as Phillips-type
catalysts, suitable for use in the present invention
include CrO3, chromocene, silyl chromate, chromyl
chloride (CrO2Cl2), chromium-2-ethylhexanoate,
chromium acetylacetonate (Cr(AcAc)3), and the like.
Non-limiting examples are disclosed in U.S. Patent
Nos. 3,709,853, 3,709,954, 3,231,550, 3,242,099 and
4,077,904, which are herein fully incorporated by
reference. Still other conventional-type transition
metal catalyst compounds and catalyst systems suitable
for use in the present invention are disclosed in U.S.
Patent Nos. 4,124,532, 4,302,565, 4,302,566,
4,376,062, 4,379,758, 5,066,737, 5,763,723, 5,849,655,
5,852,144, 5,854,164 and 5,869,585 and published EP-A2
0 416 815 A2 and EP-Al 0 420 436, which are all herein
incorporated by reference. Other catalysts may include
cationic catalysts such as AlCl3, and other cobalt,
iron, nickel and palladium catalysts well known in the
art. See for example U.S. Patent Nos. 3,487,1 12,
4,472,559, 4,182,814 and 4,689,437, all of which are
incorporated herein by reference. It is also
contemplated that other catalysts can be combined with
the catalyst compounds in the catalyst composition
useful in the invention. For example, see U.S. Patent
Nos. 4,937,299, 4,935,474, 5,281,679, 5,359,015,
5,470,81 1, and 5,719,241 all of which are herein
fully incoiporated herein reference. It is further
contemplated that one or more of the catalyst
compounds described above or catalyst systems may be
used in combination with one or more conventional
catalyst compounds or catalyst systems. Non-limiting
examples of mixed catalysts and catalyst systems are
described in U.S. Patent Nos. 4,159,965, 4,325,837,
4,701,432, 5,124,418, 5,077,255, 5,183,867, 5,391,660,
5,395,810,5,691,264, 5,723,399 and 5,767,03 1 and PCT
Publication WO 96/23010 published August 1, 1996, all
of which are herein fully incorporated by reference.
Preferred metallocene catalysts used in this invention
can more specifically be represented by one of the
following general formulae (all references to Groups
being the new Group notation of the Period Table of
the Elements as described by Chemical and Engineering
News, 63(5), 27, 1985): [([(A-Cp)MXJ+)JI[Br-) (4)
[([(A-Cp)MX1L]+)Ji[Bf-) (5) wherein: (A-Cp) is either
(Cp), (Cp*) or Cp-A'-Cp*; Cp and Cp* are the same or
different cyclopentadienyl rings substituted with from
zero to five substituent groups S", each substituent
group S" being, independently, a radical group which
is a hydrocarbyl, substituted-hydrocarbyl, halocarbyl,
substituted-halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted
organometalloid, disubstituted boron, disubstituted
pnictogen, substituted chalcogen or halogen radicals,
or Cp and Cp* are cyclopentadienyl rings in which any
two adjacent S" groups are joined forming a C4 to C20
ring to give a saturated or unsaturated polycyclic
cyclopentadienyl ligand; Cp and Cp* may also have one
or two carbon atoms within the ring replaced by a
Group 15 or 16 element especially, S, O N or P;A' is a
bridging group; (C5H5.y.xS"x) is a cyclopentadienyl
ring substituted with from zero to five S" radicals as
defined above; x is from 0 to 5 denoting the degree of
substitution; M is titanium, zirconium or hafnium; X1
is a hydride radical, hydrocarbyl radical,
substituted- hydrocarbyl radical,
hydrocarbyl-substituted organometalloid radical or
halocarbyl-substituted organometalloid radical which
radical may optionally be covalently bonded to both or
eitherM and L or L' or all or any M, S" or S', and
provided that X1 is not a substituted or unsubstituted
cyclopentadienyl ring; (JS'z.!.y) is a heteroatom
ligand in which J is an element from Group 15 of the
Periodic Table of Elements with a coordination number
of 3 or an element from Group 16 with a coordination
number of 2; S' is a radical group which is a 



hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, hydrocarbyl-substituted
organometalloid, or halocarbyl-substituted
organometalloid; and z is the coordination number of
the element J; y is 0 or 1; L is an olefin, diolefm or
aryne ligand. L' is the same as L, and can
additionally be an amine, phosphine, ether, or sulfide
ligand, or any other neutral Lewis base; L' can also
be a second transition metal compound of the same type
such that the two metal center M and M* are bridged by
X1 and X'l wherein M* has the same meaning as M, X 1,
X2 and X 2 have the same meaning as X , where such
dimericcompounds which are precursors to the cationic
portion of the catalyst are represented by the
formula: wherein w is an integer from 0 to 3; B' is a
chemically stable, non-nucleophilic anionic complex
having a molecular diameter about or greater than 4
Angstroms or an anionic Lewis-acid activator resulting
from the reaction of a Lewis-acid activator with the
precursor to the cationic portion of the catalyst
system described in formulae 1-4. When B' is a
Lewis-acid activator, X can also be an alkyl group
donated by the Lewis-acid activator; and d is an
integer representing the charge of B'. The catalysts
are preferably prepared by combining at least two
components. In one preferred method, the first
component is a cyclopentadienyl derivative of a Group
4 metal compound containing at least one ligand which
will combine with the second component or at least a
portion thereof such as a cation portion thereof. The
second component is an ion-exchange compound
comprising a cation which will irreversibly react with
at least one ligand contained in said Group 4 metal
compound (first component) and a non-coordinating
anion which is either a single coordination complex
comprising a plurality of lipophilic radicals
covalently coordinated to and shielding a central
formally charge-bearing metal ormetalloid atom or an
anion comprising a plurality of boron atoms such as
polyhedral boranes, carboranes and metallacarboranes.
In general, suitable anions for the second component
may be any stable and bulky anionic complex having the
following molecular attributes: 1) the anion should
have a molecular diameter greater than 4 Angstroms; 2)
the anion should form stable ammonium salts; 3) the
negative charge on the anion should be delocalized
over the framework of the anion or be localized within
the core of the anion; 4) the anion should be a
relatively poor nucleophile; and 5) the anion should
not be a powerful reducing or oxidizing agent. Anions
meeting these criteria- such as polynuclear boranes,
carboranes, metallacarboranes, polyoxoanions and
anionic coordination complexes are well described in
the chemical literature. The cation portion of the
second component may comprise Bronsted acids such as
protons or protonated Lewis bases or may comprise
Lewis acids such as ferricinum, tropylium,
triphenylcarbenium or silver cations. In another
preferred method, the second component is a Lewis-acid
complex which will react with at least one ligand of
the first component, thereby forming an ionic species
described in formulae 4-6 with the ligand abstracted
from the first component now bound to the second
component. Alumoxanes and especially methylalumoxane,
the product formed from the reaction of
trimethylaluminum in an aliphatic or aromatic
hydrocarbon with stoichiometric quantities of water,
are particularly preferred Lewis-acid second
components. Modified alumoxanes are also preferred.
Alumoxanes are well known in the art and methods for
their preparation are illustrated by U.S. Pat. Nos.
4,542,199; 4,544,762; 5, 015,749; and 5,041,585. A
technique for preparing modified alumoxanes has been
disclosed in U.S. Pat. No. 5,041,584, in EPA 0 516
476, and in EPA 0 561 476, which are incorporated by
reference herein.Upon combination of the first and
second components, the second component reacts with
one of the ligands of the first component, thereby
generating an anion pair consisting of a Group 4 metal
cation and the aforementioned anion, which anion is
compatible with and non- coordinating towards the
Group 4 metal cation formed from the first component.
The anion of the second compound must be capable of
stabilizing the Group 4 metal cation's ability to
function as a catalyst and must be sufficiently labile
to permit displacement by an olefin, diolefin or an
acetylenically unsaturated monomer during
polymerization. The catalysts of this invention may be
supported. U.S. Pat. Nos. 4,808, 561, issued Feb. 28,
1989; 4,897,455 issued Jan. 3, 1990; 5,057,475 issued
Oct. 15, 1991; U.S. patent application Ser. No.
459,921 (published as PCT International publication WO
91/09882), Canadian Patent 1,268,753, U.S. Pat. No.
5,240,894 and WO 94 03506 disclose such supported
catalysts and the methods to produce such and are
herein incorporated by reference. 



The Group 4 metal compounds; i.e., titanium, zirconium
and hafnium metallocene compounds, useful as first
compounds (pre-catalysts) in the preparation of the
preferred metallocene catalysts of this invention are
cyclopentadienyl derivatives of titanium, zirconium
and hafnium. In general, useful titanocenes,
zirconocenes and hafnocenes may be represented by the
following general formulae: (A-Cp)MX 1X2 (8) (A-Cp)ML
(9)wherein: (A-Cp) is either (Cp)(Cp*) or Cp-A'-Cp*;
Cp and Cp* are the same or different cyclopentadienyl
rings substituted with from zero to five substituent
groups S", each substituent group S" being,
independently, a radical group which is a hydrocarbyl,
substituted-hydrocarbyl, halocarbyl,
substituted-halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted
organometalloid, disubstituted boron, disubstituted
pnictogen, substituted chalcogen or halogen radicals,
or Cp and Cp* are cyclopentadienyl rings in which any
two adjacent S" groups are joined forming a C4 to C20
ring to give a saturated or unsaturated polycyclic
cyclopentadienyl ligand; A' is a bridging group; y is
Oor 1; (C5H5.y.xS"x) is a cyclopentadienyl ring
substituted with from zero to five S" radicals as
defined above; x is from 0 to 5 denoting the degree of
substitution; (JS'z-i-y) a heteroatom ligand in which
J is an element from Group 15 of the Periodic Table of
Elements with a coordination number of 3 or an element
from Group 16 with a coordination number of 2, S' is a
radical group which is ahydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl,
hydrocarbyl-substituted organometalloid, or
halocarbyl-substituted organometalloid; and z is the
coordination number of the element J; L is an olefin,
diolefin or aryne ligand. L' is the same as L and can
additionally be an amine, phosphine, ether, or sulfide
ligand, or any other neutral Lewis base; L' can also
be a second transition metal compound of the same type
such that the two metal centers M and M are bridged by
X1 and X'l 5 wherein M* has the same meaning as M, X
1has the same meaning as X1 and X'2 has the same
meaning as X2 where such dimeric compounds which are
precursors to the cationic portion of the catalyst are
represented by formula 7 above; w is an integer from 0
to 3; and X1 and X2 are, independently, hydride
radicals, hydrocarbyl radicals, substituted
hydrocarbyl radicals, halocarbyl radicals, substituted
halocarbyl radicals, and hydrocarbyl- and
halocarbyl-substituted organometalloid radicals,
substituted pnictogen radicals, or substituted
chalcogen radicals; or X1 and X2 are joined and bound
to the metal atom to form a metallacycle ring
containing from about 3 to about 20 carbon atoms; or
X1 and X2 together can be an olefin, diolefin or aryne
ligand; or when Lewis-acid activators, such as
methylalumoxane, which are capable of donating an X1
ligand as described above to the transition metal
component are used, X1 and X2 may independently be a
halogen, alkoxide, aryloxide, amide, phosphide or
other univalent anionic ligand or both X1and X2 can
also be joined to form a anionic chelating ligand and
with the proviso that X1 and X2 are not a substituted
or unsubstituted cyclopentadienyl ring. Table A
depicts representative constituent moieties for the
metallocene components of formulae 7-10. The list is
for illustrative purposes only and should not be
construed to be limiting in any way. A number of final
components may beformed by permuting all possible
combinations of the constituent moieties with each
other. When hydrocarbyl radicals including alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl and aromatic radicals are disclosed in
this application the term includes all isomers. For
example, butyl includes n-butyl, 2- methylpropyl,
1-methylpropyl, tert-butyl, and cyclobutyl; pentyl
includes npentyl, 1-methylbutyl, 2-methylbutyl,
3-methylbutyl, 1-ethylpropyl, neopentyl, cyclopentyl
and methylcyclobutyl; butenyl includes E and Z forms
of 1-butenyl, 2-butenyl, 3-butenyl,
1-methyl-1-propenyl, l-methyl-2-propenyl,
2-methyl-lpropenyl and 2-methyl-2-propenyl. This
includes when a radical is bonded to another group,
for example, propylcyclopentadienyl include
npropylcyclopentadienyl, isopropylcyclopentadienyl and
cyclopropylcyclopentadienyl. In general, the ligands
or groups illustrated in Table A include all isomeric
forms. For example, dimethylcyclopentadienyl includes
1,2-dimethylcyclopentadienyl and
1,3-dimethylcyclopentadienyl; methylindenyl includes
1-methylindenyl, 2-methylindenyl, 3-methylindenyl,
4-methylindenyl, 5- methylindenyl, 6-methylindenyl and
7-methylindenyl; methylethylphenyl includes
ortho-methylethylphenyl, meta-methylethylphenyl and
para-methylethylphenyl. Examples of specific invention
catalyst precursors take the following formula 



where some components are listed in Table A. To
illustrate members of the transition metal component,
select any combination of the species listed in Tables
A. For nomenclature purposes, for the bridging group,
A', the words "silyl" and "silylene" are used
interchangeably, and represent a diradical species.
For the bridging group A', "ethylene" refers to a
1,2-ethylene linkage and is distinguished from
ethene-l,l-diyl. Thus, for the bridging group A',
"ethylene" and "1,2- ethylene" are used
interchangeably. For compounds processing a bridging
group, A', the bridge position on the
cyclopentadienyl-type ring is always considered the
1-position. Thus, for example, the use of
"1-fluorenyl" is interchangeable with the use of
"fluorenyl"5 Illustrative compounds of the formula 8
type are: bis(cyclopentadienyl)hafnium dimethyl,
ethylenebis(tetrahydroindenyl)zirconium dihidryde,
bis(pentamethyl)zirconium diethyl,
dimethylsilyl(lfluorenyl)( cyclopentadienyl)titanium
dichloride and the like. Illustrative compounds of the
formula 9 type are: bis(cyclopentadienyl)(l,3- 0
butadiene)zirconium,
bis(cyclopentadienyl)(2,3-dimethyl-l,3-
butadiene)zirconium,
bis(pentamethylcyclopentadienyl)(benzene)zirconium,
bis(pentamethylcyclopentadienyl)titanium ethylene and
the like. Illustrative compounds of the formula 10
type are:
dimethylsilyl(tetramethylcyclopentadienyl)(t-butylamid
o)zirconium dichloride, 5
ethyleneCmethylcyclopentadienyty henylamido^itanium
dimethyl,
methylphenylsilyl(indenyl)(phenyphosphido)hafnium
dihydride and
(pentamethylcyclopentadienyl)(di-t-butylamido)hafnium
dimethoxide. The conditions under which complexes
containing neutral Lewis base 0 ligands such as ether
or those which form dimeric compounds is determined by
the steric bulk of the ligands about the metal center.
For example, the t-butyl group in
Me2Si(Me4C5)(N-t-Bu)ZrCl2 has greater steric
requirements that the phenyl in Me2Si(Me4C5)(NPh)ZrCl2
Et2O thereby not permitting ether coordination in the
former compound in its solid state. Similarly, due to
the 5 decreased steric bulk of the
trimethylsilylcyclopentadienyl group in
[Me2Si(Me3SiC5H3)(N-t-Bu)ZrCl 2]2 versus that of the
tetramethylcyclopentadienyl group in
Me2Si(Me4C5)(N-t-Bu)ZrCl2, the former compound is
dimeric and the latter is not. 0 TABLE AREVERSE-TURN
MIMETICS AND METHOD RELATING THERETO CROSS-REFERENCES
TO RELATED APPLICATIONS This application is a
continuation-in-part of co-pending U.S. patent
application serial No. 10/826,972, filed April 16,
2004, which is a continuation-in-part of co-pending
U.S. patent application serial No. 10/803,179 filed
March 17, 2004, which is a continuation-in-part of
U.S. patent application serial No. 10/41 1,877 filed
April 9, 2003 (now abandoned), which is a
continuation-in-part of U.S. patent application serial
No. 10/087,443 filed March 0 1, 2002 (now abandoned),
which is a continuation-in-part of U.S. patent
application serial No. 09/976,470 filed October 12,
2001 (now abandoned). This application also claims
priority to PCT application serial No. PCT/KR02/01 901
filed October 11, 2002. The disclosures of these
applications are incorporated herein by reference in
their entireties. BACKGROUND OF THE INVENTION Field of
the Invention The present invention relates generally
to reverse-turn mimetic structures and to a chemical
library relating thereto. The invention also relates
to applications in the treatment of medical
conditions, e.g., cancer diseases, and pharmaceutical
compositions comprising the mimetics. Description of
the Related Art Random screening of molecules for
possible activity as therapeutic agents has occurred
for many years and resulted in a number of important
drug discoveries. While advances in molecular biology
and computational chemistry have led to increased
interest in what has been termed "rational drug
design", such techniques have not proven as fast or
reliable as initially predicted. Thus, in recent years
there has been a renewedinterest and return to random
drug screening. To this end, particular strides having
been made in new technologies based on the development
of combinatorial chemistry libraries, and the
screening of such libraries in search for biologically
active members. In general, combinatorial chemistry
libraries are simply a collection of molecules. Such
libraries vary by the chemical species within the
library, as well as the methods employed to both
generate the library members and identify which
members interact with biological targets of interest.
While this field is still young, methods for
generating and screening libraries have already become
quite diverse and sophisticated. For example, a recent



review of various combinatorial chemical libraries has
identified a number of such techniques (DoIIe, J. Com.
Chem., 2(3): 383-433, 2000), including the use of both
tagged and untagged library members (Janda, Proc.
Natl. Acad. ScL USA 9 1:10779-10785, 1994). Initially,
combinatorial chemistry libraries were generally
limited to members of peptide or nucleotide origin. To
this end, the techniques of Houghten et al. illustrate
an example of what is termed a "dual-defined
iterative" method to assemble soluble combinatorial
peptide libraries via split synthesis techniques
(Nature (London) 354:84-86, 1991 ; Biotechniques 13:41
2-421 , 1992; Bioorg. Med. Chem. Lett. 3:405-41 2,
1993). By this technique, soluble peptide libraries
containing tens of millions of members have been
obtained. Such libraries have been shown to be
effective in the identification of opioid peptides,
such as methionine- and leucine-enkephalin (Dooley and
Houghten, Life ScL 52, 1509-1517, 1993), and a
N-acylated peptide library has been used to identify
acetalins, which are potent opioid antagonists (Dooley
et al., Proc. Natl. Acad. ScL USA 90:1081 1-10815,
1993. More recently, an all D-amino acid opioid
peptide library has been constructed and screened for
analgesic activity against the mu ("m") opioid
receptor (Dooley et al, Science 266:2019-2022,
1994).While combinatorial libraries containing members
of peptide and nucleotide origin are of significant
value, there is still a need in the art for libraries
containing members of different origin. For example,
traditional peptide libraries to a large extent merely
vary the amino acid sequence to generate library
members. While it is well recognized that the
secondary structures of peptides are important to
biological activity, such peptide libraries do not
impart a constrained secondary structure to its
library members. To this end, some researchers have
cyclized peptides with disulfide bridges in an attempt
to provide a more constrained secondary structure
(Tumelty et al., J. Chem. Soc. 1067-68, 1994; Eichler
et al., Peptide Res. 7:300-306, 1994). However, such
cyclized peptides are generally still quite flexible
and are poorly bioavailable, and thus have met with
only limited success. More recently, non-peptide
compounds have been developed which more closely mimic
the secondary structure of reverse-turns found in
biologically active proteins or peptides. For example,
U.S. Pat. No. 5,440,013 to Kahn and published PCT
applications nos. WO94/03494, WO01/00210A1 , and
WO01/16135A2 to Kahn each disclose conformationally
constrained, nonpeptidic compounds, which mimic the
three-dimensional structure of reverseturns. In
addition, U.S. Pat. No. 5,929,237 and its
continuation-in-part U.S. Pat. No. 6,013,458, both to
Kahn, disclose conformationally constrained compounds
which mimic the secondary structure of reverse-turn
regions of biologically active peptides and proteins.
The synthesis and identification of conformationally
constrained, reverse-turn mimetics and their
application to diseases were well reviewed by Obrecht
(Advances in Med. Chem., 4, 1-68, 1999). While
significant advances have been made in the synthesis
and identification of conformationally constrained,
reverse-turn mimetics, there remains a need in the art
for small molecules which mimic the secondary
structure of peptides. There is also a need in the art
for libraries containingsuch members, as well as
techniques for synthesizing and screening the library
members against targets of interest, particularly
biological targets, to identify bioactive library
members. The present invention also fulfills these
needs, and provides further related advantages by
providing confomationally constrained compounds which
mimic the secondary structure of reverse-turn regions
of biologically active peptides and proteins. Wnt
signaling pathway regulates a variety of processes
including cell growth, oncogenesis, and development
(Moon et al., 1997, Trends Genet. 13, 157-162; Miller
et al., 1999, Oncogene 18, 7860-7872; Nusse and
Varmus, 1992, Cell 69, 1073-1087; Cadigan and Nusse,
1997, Genes Dev. 11, 3286- 3305; Peifer and Polakis,
2000 Science 287, 1606-1609; Polakis 2000, Genes Dev.
14, 1837-1851). Wnt signaling pathway has been
intensely studied in a variety of organisms. The
activation of TCF4/ b-catenin mediated transcription
by Wnt signal transduction has been found to play a
key role in its biological functions (Molenaar et ai.,
1996, Cell 86:391-399; Gat et al., 1998 Cell 95:605-
614; Orford et al., 1999 J. Cell. Biol. 146:855-868;
Bienz and Clevers, 2000, Cell 103:31 1-20). In the
absence of Wnt signals, tumor suppressor gene
adenomatous polyposis coli (APC) simultaneously
interacts with the serine 



kinase glycogen synthase kinase (GSK)-3 b and
b-catenin (Su et al., 1993, Science 262, 1734-1737:
Yost et al., 1996 Genes Dev. 10, 1443-1454: Hayashi et
al., 1997, Proc. Natl. Acad. Sci. USA, 94, 242-247:
Sakanaka et al., 1998, Proc. Natl. Acad. Sci. USA, 95,
3020-3023: Sakanaka and William, 1999, J. Biol. Chem
274, 14090-1 4093). Phosphorylation of APC by GSK-3b
regulates the interaction of APC with b-catenin, which
in turn may regulate the signaling function of
b-catenin (B. Rubinfeld et al., Science 272, 1023,
1996). Wnt signaling stabilizes b-catenin allowing its
translocation to the nucleus where it interacts with
members of the lymphoid enhancer factor (LEF1 )/T-cell
factor (TCF4) family of transcription factors (Behrens
et al., 1996 Nature 382,638-642 : Hsu et al., 1998,
MoI. Cell. Biol. 18, 4807-4818 : ROOSQ et all., 1999
Science 285, 1923-1926). Recently c-myc, a known
oncogene, was shown to be a target gene for
b-catenin/TCF4-mediated transcription (He et al., 1998
Science 281 1509-1512: Kolligs et al., 1999 MoI. Cell.
Biol. 19, 5696-5706). Many other important genes,
including cyclin D1, and metalloproteinase, which are
also involved in oncogenesis, have been identified to
be regulated by TCF4/batacatenin transcriptional
pathway (Crawford et al., 1999, Oncogene 18, 2883-
2891 : Shtutman et al., 1999, Proc. Natl. Acad. Sci.
USA., 11, 5522-5527 : Tetsu and McCormick, 1999
Nature, 398, 422-426). Moreover, overexpression of
several downstream mediators of Wnt signaling has been
found to regulate apoptosis (Moris et al., 1996, Proc.
Natl. Acad. Sci. USA, 93, 7950-7954 : He et al., 1999,
Cell 99, 335-345 : Orford et al, 1999 J. Cell. Biol.,
146, 855-868: Strovel and Sussman, 1999, Exp. Cell.
Res., 253, 637-648). Overexpression of APC in human
colorectal cancer cells induced apoptosis (Moris et
al., 1996, Proc. Natl. Acad. Sci. USA., 93,
7950-7954), ectopic expression of b-catenin inhibited
apoptosis associated with loss of attachment to
extracellular matrix (Orford et al, 1999, J. Cell
Biol. 146, 855-868). Inhibition of TCF4/ b-catenin
transcription by expression of dominant-negative
mutant of TCF4 blocked Wnt-1 -mediated cell survival
and rendered cells sensitive to apoptotic stimuli such
as anti-cancer agent (Shaoqiong Chen et al., 2001 , J.
Cell. Biol., 152, 1, 87-96) and APC mutation inhibits
apoptosis by allowing constitutive survivin
expression, a wellknown anti-apoptotic protein (Tao
Zhang et al., 2001 , Cancer Research, 62, 8664-8667).
Although mutations in the Wnt gene have not been found
in human cancer, a mutation in APC or b-catenin, as is
the case in the majority of colorectal tumors, results
in inappropriate activation of TCF4, overexpression of
c-myc and production of neoplastic growth (Bubinfeld
et al, 1997, Science, 275, 1790-1 792 : Morin et al,
1997, Science, 275, 1787-1 790 : Casa et al,1999,
Cell. Growth. Differ. 10, 369-376). The tumor
suppressor gene (APC) is lost or inactivated in 85% of
colorectal cancers and in a variety of other cancers
as well (Kinzler and Vogelstein, 1996, Cell 87, 159-1
70). APCs principal role is that of a negative
regulator of the Wnt signal transduction cascade. A
center feature of this pathway involves the modulation
of the stability and localization of a cytosolic pool
of b-catenin by interaction with a large Axin-based
complex that includes APC. This interaction results in
phosphorylation of b-catenin thereby targeting it for
degradation. CREB binding proteins (CBP)/p300 were
identified initially in protein interaction assays,
first through its association with the transcription
factor CREB (Chrivia et al, 1993, Nature, 365,
855-859) and later through its interaction with the
adenoviral-transforming protein E1A (Stein et al.,
1990, J. Viol., 64, 4421-4427 : Eckner et al., 1994,
Genes. Dev., 8, 869-884). CBP had a potential to
participate in variety of cellular functions including
transcriptional coactivator function (Shikama et al.,
1997, Trends. Cell. Biol., 7, 230-236 : Janknecht and
Hunter, 1996, Nature, 383, 22-23). CBP/p300
potentiates b-catenin-mediated activation of the
siamois promoter, a known Wnt target (Hecht et al,
2000, EMBO J. 19, 8, 1839-1 850). b-catenin interacts
directly with the CREB-binding domain of CBP and
b-catenin synergizes with CBP to stimulate the
transcriptional activation of TCF4/ b-catenin
(Ken-lchi Takemaru and Randall T. Moon, 2000 J. Cell.
Biol., 149, 2, 249-254). BRIEF SUMMARY OF THE
INVENTION From this background, it is seen that TCF4/
b-catenin and CBP complex of Wnt pathway can be taken
as target molecules for the regulation of cell growth,
oncogenesis and apoptosis of cells, etc. Accordingly,
the present invention addresses a need for compounds
that block TCF4/ b-catenin transcriptional pathway by
inhibiting CBP, and therefore can be used for
treatment of cancer, especially colorectal cancer.In
brief, the present invention is directed to a new type
of conformationally constrained compounds, which mimic
the secondary structure 



of reverse-turn regions of biologically active
peptides and proteins. This invention also discloses
libraries containing such compounds, as well as the
synthesis and screening thereof. The compounds of the
present invention have the following general formula
(I): wherein A is -(CHR3)- or -(C=O)-, B is -(CHR4)-
or -(C=O)-, D is -(CHR 5)- or -(C=O)-, E is -(ZR 6)-
or -(C=O)-, G is -(XRr) n- , -(CHRr)-(NR8)-, -(C=O)-
(XR9)-, or -(C=O)-, W is -Y(C=O)-, -(C=O)NH-, -(SO2)-
or is absent, Y is oxygen, sulfur, or -NH-, X and Z is
independently nitrogen or CH, n=0 or 1; and Ri > R2,
R3, R4, R5, R . R7. Rs and R9 are the same or
different and independently selected from an amino
acid side chain moiety or derivative thereof, the
remainder of the molecule, a linker and a solid
support, and stereoisomers thereof. In an embodiment
wherein A is -(CHR 3)-, B is -(C=O)-, D is -(CHR5)-, E
is -(C=O)-, and G is -(XRr) n- , the compounds of this
invention have the following formula (II): wherein W,
X, Y and n are as defined above, and R1, R2, R , R5
and R7 are as defined in the following detailed
description.In an embodiment wherein A is -(C=O)-, B
is -(CHR4) - , D is -(C=O)-, E is -(ZR 6)-, and G is
-(C=O)-(XR 9)-, the compounds of this invention have
the following formula (III): wherein W, X and Y are as
defined above, Z is nitrogen or CH (with the proviso
that when Z is CH, then X is nitrogen), and R-i, R2,
R4, Re and Rg are as defined in the following detailed
description. In an embodiment wherein A is -(C=O)-, B
is -(CHR 4)-, D is -(C=O)-, E is -(ZR )-, and G is
(XR7)n- , the compounds of this invention have the
following general formula (IV): wherein W, Y and n are
as defined above, Z is nitrogen or CH (when Z is
nitrogen, then n is zero, and when Z is CH, then X is
nitrogen and n is not zero), and R-i, R2, R4, R and
R7, are as defined in the following detailed
description. In certain embodiments, the compounds of
this invention have the following general formula
(Vl):(Vl) wherein R is a phenyl group; a substituted
phenyl group having one or more substituents wherein
the one or more substituents are independently
selected from one or more of amino, amidino,
guanidino, hydrazino, amidazonyl, Ci_ 4alkylamino, Ci
-4dialkylamino, halogen, perfluoro Ci -4alkyl, Ci
-4alkyl, C-). 3alkoxy, nitro, carboxy, cyano,
sulfuryl, and hydroxyl groups; a benzyl group; a
substituted benzyl group with one or more substituents
where the one or more substituents are independently
selected from one or more of amino, amidino,
guanidino, hydrazino, amidazonyl, Ci -4alkylamino, Ci
-4dialkylamino, halogen, perfluoro Ci^alkyl, Ci
-3alkoxy, nitro, carboxy, cyano, sulfuryl, and
hydroxyl group; or a bicyclic aryl group having 8 to
11 ring members, which may have 1 to 3 heteroatoms
selected from nitrogen, oxygen or sulfur; Rb is a
monocyclic aryl group having 5 to 7 ring members,
which may have 1 to 2 heteroatoms selected from
nitrogen, oxygen or sulfur, and aryl ring in the
compound may have one or more substituents selected
from a group consisting of halide, hydroxy, cyano,
lower alkyl, and lower alkoxy groups; R is a saturated
or unsaturated C1-6alkyl, Ci-6alkoxy, perfluoro C
-i-6alkyl group; and X1, X2, and X3 may be the same or
different and independently selected from hydrogen,
hydroxyl, and halide. The present invention is also
related to prodrugs using the libraries containing one
or more compounds of formula (I). A prodrug is
typically designed to release the active drug in the
body during or after absorption by enzymatic and/or
chemical hydrolysis. The prodrug approach isan
effective means of improving the oral bioavailability
or i.v. administration of poorly water-soluble drugs
by chemical derivatization to more water-soluble
compounds. The most commonly used prodrug approach for
increasing aqueous solubility of drugs containing a
hydroxyl group is to produce esters containing an
ionizable group; e.g., phosphate group, carboxylate
group, alkylamino group (Fleisher et al., Advanced
Drug Delivery Reviews, 115-130, 1996; Davis et al.,
Cancer Res., 7247-7253, 2002, Golik et al., Bioorg.
Med. Chem. Lett., 1837-1842, 1996). In certain
embodiments, the prodrugs of the present invention
have the following general formula (VII): (Vl)-Y-R 10
wherein (Vl) is general formula (Vl) as described
above; Y is oxygen, sulfur, or nitrogen of a group
selected from R , Rb, Rc, X-i, X2 and X3; R10 is
phosphate, hemisuccinate, hemimalate, 



phosphoryloxymethyloxycarbonyl, dimethylaminoacetate,
dimethylaminoalkylcarbamat.es, hydroxyalkyls, amino
acid, glycosy I,substituted or unsubstituted
piperidine oxycarbonyl, or a salt thereof; and wherein
the prodrugs are capable of serving as a substrate for
a phosphatase or a carboxylase and are thereby
converted to compounds having general formula (Vl). In
some embodiments, R10 of the general formula (VII) is
not an amino acid group or a phospho-amino acid group.
The present invention is also directed to libraries
containing one or more compounds of formula (I) above,
as well as methods for synthesizing such libraries and
methods for screening the same to identify
biologically active compounds. Compositions containing
a compound of this invention in combination with a
pharmaceutically acceptable carrier or diluent are
also disclosed. The present invention is also related
to methods for identifying a biologically active
compound using the libraries containing one or
morecompound of formula (I). In a related aspect, the
present invention provides a method for performing a
binding assay, comprising (a) providing a composition
comprising a first co-activator and an interacting
protein, said first co-activator comprising a binding
motif of LXXLL, LXXLI or FXXFF wherein X is any amino
acid; (b) combining the first co-activator and the
interacting protein with a test compound; and (c)
detecting alteration in binding between the first
co-activator and the interacting protein in the
presence of the compound having general formula (I).
The present invention also provides methods for
preventing or treating disorders associated with Wnt
signaling pathway. Disorders that may be treated or
prevented using a compound or composition of the
present invention include tumor or cancer (e.g.,
KSHV-associated tumor), restenosis associated with
angioplasty, polycystic kidney disease, aberrant
angiogenesis disease, rheumatoid arthritis disease,
ulcerative colitis, tuberous sclerosis complex, hair
loss, and Alzheimer's disease. Such methods comprise
administering to a subject in need thereof a compound
or composition of the present invention in an amount
effective to achieve the desired outcome. In a related
aspect, the present invention further provides methods
for promoting neurite outgrowth, differentiation of a
neural stem cell, and apoptosis in cancer cells. Such
methods comprise administering to appropriate cells a
compound or composition of the present invention in an
amount effective to achieve the desired outcome. These
and other aspects of this invention will be apparent
upon reference to the attached figure and following
detailed description. To this end, various references
are set forth herein, which describe in more detail
certain procedures, compounds and/or compositions, and
are incorporated by reference in their entirety.BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 provides a
general synthetic scheme for preparing reverse-turn
mimetics of the present invention. Figure 2 provides a
general synthetic scheme for preparing reverse-turn
mimetics of the present invention. Figure 3 shows a
graph based on the measurement of IC50 for Compound A
of the present invention using SW480 cells, wherein
cell growth inhibition on SW480 cells was measured at
various concentrations of Compound A prepared in
Example 4 to obtain the IC50 value. Specifically, the
degree of inhibition in firefly and renilla luciferase
activities by Compound A was determined. As a result,
the IC50 of Compound A against SW480 cell growth was
found as disclosed in Table 4. Detailed procedures are
the same as disclosed in Example 6. Figure 4. PC-12
cells were cultured on coated dishes, and
differentiated for 10 days in 50 ng/ml nerve growth
factor (NGF) (as described in Example 7). (A, B)
Vector-transfected PC-12 cells (A) and PC-12 cells
overexpressing wt PS-1 (B) exhibit extensive neurite
outgrowth after 10 days in NGF. (C) PC-12 cells
expressing mutant PS-1/ L286V do not display
significant neurites under the same culture
conditions. (D1E) Immunofluorescence analysis of
GAP-43 (as described in Example 7), a molecular marker
of neurite outgrowth, demonstrates intense staining
for GAP- 43 in the neurites (D) of vector-transfected
and overexpressing PS-1/WT in PC-12 cells (E). (F)
Lack of neurite outgrowth corresponds to weak GAP-43
immunostaining in the mutant cells. Data represent at
least two independent experiments. (G) Differentiated
cells were transfected with, Topflash, a TCF/b-
catenin reporter construct. Cells were lysed, and
luciferase activity measured 6 



hours post-transfection (as described in Example 7).
Data represent the mean of three independent
experiments (SD). Asterisk indicate P < 0.05. Fig. 5.
Compound D phenotypically corrects deficient neuronal
differentiation in PC-12 overexpressing mutant
PS-1/L286V cells. Mutant cellswere exposed to 10 mM
Compound D, in addition to NGF, during the
differentiation period (Misner et al., Proc. Natl.
Acad. Sci. U S A 98, 11714 (2001)). (A) Neurite
elongation and extension are observed in PC-12 cells
overexpressing PS-1/L286V upon treatment with Compound
D. (B) GAP-43 (green) is significantly elevated in the
mutant cells, and is seen in the neurites. (C)
Quantitation of neurite outgrowth in PC-12 cells.
Number of mutant cells with neurite lengths greater
than two cell diameters was less than 10% that of the
vector-transfected and overexpressing PS-1/WT in PC-12
cells. Number of mutant PS-1/L286V cells that had the
defined neurite lengths was significantly increased,
after treatment with 10 mM Compound D. The results are
the average ( SD) of three independent determinations.
Asterisk indicate P < 0.05. Fig. 6. Ephrin B2 (EphB2)
receptor expression. Immunofluorescence analysis and
RT-PCR were performed to detect EphB2 receptor
expression (as described in Example 7). (A, B) EphB2
receptors are clearly demonstrated in neurites of
vector-transfected and overexpressing PS- 1/WT cells.
The intensity of staining correlates with the high
expression level. (C) In contrast, PS-1/L286V PC-12
ceils have markedly reduced EphB2 receptor expression.
(D) Treatment of mutant cells with Compound D leads to
increased EphB2 receptor expression, which is focused
at points of neurite outgrowth. (E) Expression of
EphB2 receptor has previously been shown to be
transcriptionally regulated (Guo et al., J. Neurosci.
17, 4212 (1997).). Lane 1, vector-transfected PC-12
cells, lane 2, overexpressing PS-1/WT cells, lane 3,
overexpressing mutant PS-1/L286V cells, lane 4, mutant
cells treated with Compound D. RT-PCR analysis
indicates message for EphB2 receptor in cells
overexpressing mutant PS-1/L286V is decreased compared
to those in both the vector-transfected and
overexpressing wt PS-1 PC-12 cells. Treatment with 10
mM Compound D upregulates EphB2 message. GAPDH is used
an internal control.Figure 7. A. Compound D arrests
cells in G1. FACS analysis was performed on SW480
(lower panel) and HCT1 16 (upper panel) cells treated
for 24 hours with either Compound D (25 mM) (right) or
control (0.5% DMSO (left). 5.5 X 106 cells were fixed
and stained with propidium iodide (Pl). B. Compound D
selectively activates caspases in colon carcinoma cell
lines. SW480 and HCT1 16 (left graph) cells (105)
along with the normal colonocytes CCD18CO (right
graph) were treated with either control (0.5% DMSO) or
Compound D (25 mM). 24 hours post treatment, cells
were lysed and the caspase-3/7 enzymatic activities
were measured. Relative fluorescence units (RFU) were
calculated by subtracting the unit values of the blank
(control, without cells) from the treated samples
(Compound D or control) and plotted. Figure 8.
Compound D reduces colony growth in soft agar in a
dose dependent manner. Increasing concentrations of
5-fluorouracil (5-FU) (0.5-32 mM) and Compound D
(0.25-5 mM) were added to SW480 (5000 cells/well) of
triplicate wells. Cells were washed and suspended in
soft agar growth medium. The number of colonies after
8 days (colonies over 60 mM diameter) were counted and
plotted against the compound concentration. Mean  SE
of three determinations is indicated. The colony
number of control in the absence of the compound was
1,637  7 1. Figure 9. A. Compound C reduces tumor
growth in nude mouse model. B. Compound C slightly
reduces body weight in nude mouse model. Figure 10.
The survivin transcriptional activity is upregulated
by Wnt1 , but knout-down by Compound D. Percent
luciferase activities were measured in wildtype,
CBP+/-, and p300+/- 3T3 cells in the absence of Wnt1
and Compound D, or in the presence of Wnt1 , Compound
D or both. Figure 11. Compound A (right graph) and
Compound D (left graph) inhibit the activity of a
survivin luciferase reporter in SW480 cells. The
luciferase activities under the control of the
survivin promoter were measured in SW480 cells treated
with compound A or Compound D at various
concentrations.Figure 12. RT-PCR analsis indicates
that Compound D treatment decreases the expression
level of the survivin gene. Figure 13. Compound D
decreases the association of various proteins with the
survivin promoter. ChIP assays on SW480 cells treated
with either Compound D (25 mM) or control (0.5% DMSO)
for 18 hours were performed. Figure 14. Compound D
decreases survivin expression at the 



translational level. A. Western blot analysis of
extracts of cells treated with vehicle (0.5% DMSO)
alone, 10 mM or 25 mM Compound D, or 5 mM 5-FU was
performed using survivin 6E4 monoclonal antibody (Cell
Signaling Technolgy). B. Survivin immunofluorescence
microscopy. Cultured cancer cells were fixed and
stained with anti-survivin green. C. Survivin
immunofluorescence microscopy. SW480 cells treated
with Compound D were fixed and stained with
anti-survivin green. Figure 15. Compound D activates
the caspase 3 activity (but not the caspase 2
activity) via suppression of the survivin expression.
Cultured cells with or without transfection of a
construct containing the survivin gene were treated
with stausporine (0.5 mM), Compound D (2.5 mM or 5.0
mM), or both. The caspase 2 and caspase 3 activities
in these cells were measured. Figure 16. Compound D
promotes cell death via suppression of the survivin
expression. Cultured cancer cells with or without
transfection of a construct containing the survivin
gene were treated with stausporine (0.5 mM), Compound
D (5.0 mM), or both. The cell death of these cells was
measured. Figure 17. Compound D increases the number
of cells in G0. Cultured cancer cells with or without
transfection of a construct containing the survivin
gene were treated with stausporine (0.5 mM), Compound
D (5 mM), or both. FACS analysis was performed on
these cells and the percentages of cells in Go are
indicated.Figure 18 shows the changes of
concentrations of prodrug A and its parent compound in
mouse plasma with the increase of time after i.v.
bolus injection of prodrug A. Square: parent compound;
Diamond: prodrug A. DETAILED DESCRIPTION OF THE
INVENTION The present invention is directed to
conformationally constrained compounds that mimic the
secondary structure of reverse-turn regions of
biological peptide and proteins (also referred to
herein as "reverse-turn mimetics", and is also
directed to chemical libraries relating thereto. The
reverse-turn mimetic structures of the present
invention are useful as bioactive agents, including
(but not limited to) use as diagnostic, prophylactic
and/or therapeutic agents. The reverse-turn mimetic
structure libraries of this invention are useful in
the identification of bioactive agents having such
uses. In the practice of the present invention, the
libraries may contain from tens to hundreds to
thousands (or greater) of individual reverseturn
structures (also referred to herein as "members"). In
one aspect of the present invention, a reverse-turn
mimetic structure is disclosed having the following
formula (I): wherein A is -(CHR3)- or -(C=O)-, B is
-(CHR4)- or -(C=O)-, D is -(CHR 5)- or- (C=O)-, E is
-(ZR 6)- or -(C=O)-, G is -(XRy) n- , -(CHR7HNR 8)-,
-(C=O)-(XR9)-, or -(C=O)-, W is -Y(C=O)-, -(C=O)NH-,
-(SO2)- or nothing, Y is oxygen, sulfur, or -NH-, X
and Z is independently nitrogen or CH, n=0 or 1; and
R-i, R2, R3, R , R5, Re, R7, Re and Rg are the same or
different and independently selected from an amino
acid side chain moiety or derivative thereof, the
remainder of the molecule, a linker and a solid
support, and stereoisomers thereof.In one embodiment,
R1, R2, R3, R4, R5, Re, R7, Rs and R9 are
independently selected from the group consisting of
aminoC 2-5alkyl, guanidineC 2-5alkyl,
C1-4alkylguanidinoC 2-5alkyl, diCi- 4alkylguanidino-C
2-5alkyl, amidinoC2-5alkyl, C1-4alkylamidinoC
2-5alkyl, diCi- 4alkylamidinoC 2-5alkyl, Ci - 3alkoxy,
phenyl, substituted phenyl (where the substituents are
independently selected from one or more of amino,
amidino, guanidino, hydrazino, amidazonyl,
C1-4alkylamino, Ci -4dialkylamino, halogen, perfluoro
C1-4alkyl, C1- 4alkyl, Ci-3alkoxy, nitro, carboxy,
cyano, sulfuryl or hydroxyl), benzyl, substituted
benzyl (where the substituents on the benzyl are
independently selected from one or more of amino,
amidino, guanidino, hydrazino, amidazonyl,
Ci-4alkylamino, C1-4dialkylamino, halogen, perfluoro
Ci-4alkyl, C1- 3alkoxy, nitro, carboxy, cyano,
sulfuryl or hydroxyl), naphthyl, substituted naphthyl
(where the substituents are independently selected
from one or more of amino, amidino, guanidino,
hydrazino, amidazonyl, Ci -4alkylamino,
Ci-4dialkylamino, halogen, perfluoro Ci -4alkyl,
C1-4alkyl, C-i^alkoxy, nitro, carboxy, cyano, sulfuryl
or hydroxyl), bis-phenyl methyl, substituted
bis-phenyl methyl (where the substituents are
independently selected from one or more of amino,
amidino, guanidino, hydrazino, amidazonyl,
C1-4alkylamino, C1-4dialkylamino, halogen, perfluoro
C-i -4alkyl, Ci-4alkyl, Ci^alkoxy, nitro, carboxy,
cyano, sulfuryl or hydroxyl), pyridyl, substituted
pyridyl, (where the substituents are independently
selected from one or more of amino amidino, guanidino,
hydrazino, amidazonyl, C1-4alkylamino, Ci
-4dialkylamino, halogen, perfluoro Ci -4alkyl,
C1-4alkyl, C1-3alkoxy, nitro, carboxy, cyano, sulfuryl
or hydroxyl ), pyridylCi -4alkyl, substituted pyridylC
1_4alkyl (where the pyridine 



substituents are independently selected from one or
more of amino, amidino, guanidino, hydrazino,
amidazonyl, Ci -4alkylamino, C1-4dialkylamino,
halogen, perfluoro Ci -4alkyl, C1-4alkyl, C1-3alkoxy,
nitro, carboxy, cyano, sulfuryl or hydroxyl),
pyrimidylCi -4alkyl, substituted pyrimidylC 1-4alkyl
(where the pyrimidine substituents are independently
selected from one or more of amino, amidino,
guanidino, hydrazino, amidazonyl, C1-4alkylamino,
C1-4dialkylamino,halogen, perfluoro Ci -4alkyl, Ci
-4alkyl, C1-3alkoxy, nitro, carboxy, cyano, sulfuryl
or hydroxyl), triazin-2-yl-Ci -4alkyl, substituted
triazin-2-yl-Ci -4alkyl (where the triazine
substituents are independently selected from one or
more of amino, amidino, guanidino, hydrazino,
amidazonyl, Ci -4alkylamino, C-i-4dialkylamino,
halogen, perfluoro Ci-4alkyl, Ci -4alkyl, C1-3alkoxy,
nitro, carboxy, cyano, sulfuryl or hydroxyl),
imidazoCi_4alkyl, substituted imidazol Ci-4alkl (where
the imidazole sustituents are independently selected
from one or more of amino, amidino, guanidino,
hydrazino, amidazonyl, C-i-4alkylamino, Ci
-4dialkylamino, halogen, perfluoro Ci_4alkyl, Ci
-4alkyl, C1-SaIkOXy, nitro, carboxy, cyano, sulfuryl
or hydroxyl), imidazolinylCi- 4alkyl,
N-amidinopiperazinyl-N-Co^alkyl, hydroxyC 2- salkyl,
C-i-salkylaminoC^salkyl, hydroxyC 2-5alkyl,
Ci-5alkylaminoC 2-5alkyl, Ci-5dialkylaminoC 2-5alkyl,
N-amidinopiperidinylCi -4alkyl and 4-
aminocycIohexylCo-2alkyl. In one embodiment, Ri, R2,
Re of E, and R7, Rs and R9 of G are the same or
different and represent the remainder of the compound,
and R3 of A, R4 of B or R5 of D is selected from an
amino acid side chain moiety or derivative thereof. As
used herein, the term "remainder of the compound"
means any moiety, agent, compound, support, molecule,
linker, amino acid, peptide or protein covalently
attached to the reverse-turn mimetic structure at R1,
R2, R5, RQ, R7, R and/or Rg positions. This term also
includes amino acid side chain moieties and
derivatives thereof. In another embodiment R3 of A, R5
of D, R6 of E, and R7, Re, and R9 of G are the same or
different and represent the remainder of the compound,
while one or more of, and in one aspect all of, R1, R2
and R4 of B represent an amino acid sidechain. In this
case, the term "remainder of the compound" means any
moiety, agent, compound, support, molecule, linker,
amino acid, peptide or protein covalently attached to
the reverse-turn mimetic structure at R3, R5, R , R7,
Rs and/or R9 positions. This term also includes amino
acid side chain moieties and derivatives thereof.As
used herein, the term "remainder of the compound"
means any moiety, agent, compound, support, molecule,
atom, linker, amino acid, peptide or protein
covalently attached to the reverse-turn mimetic
structure. This term also includes amino acid side
chain moieties and derivatives thereof. In one aspect
of the invention, any one or more of the R-i, R2, R3,
R4, R5, Re, R7, R8 and/or R9 positions may represent
the remainder of the compound. In one aspect of the
invention, one or more of R-i, R2 and R represents an
amino acid side chain moiety or a derivative thereof.
As used herein, the term "amino acid side chain
moiety" represents any amino acid side chain moiety
present in naturally occurring proteins including (but
not limited to) the naturally occurring amino acid
side chain moieties identified in Table 1. Other
naturally occurring amino acid side chain moieties of
this invention include (but are not limited to) the
side chain moieties of 3,5-dibromotyrosine,
3,5-diiodotyrosine, hydroxylysine, vcarboxyglutamate,
phosphotyrosine and phosphoserine. In addition,
glycosylated amino acid side chains may also be used
in the practice of this invention, including (but not
limited to) glycosylated threonine, serine and
asparagine. TABLE 1 Amino Acid Side Chain Moietv Amino
Acid - H Glycine -CH 3 Alanine -CH(CHs) 2 Valine -CH 2
CH(CHs)2 Leucine -CH(CH 3)CH2 CH3 lsoleucine -
(CHs)4NH3 + Lysine - (CH2)SNHC(NH2)NH2 + Arginine N NH
Histidine -CH 2COO- Aspartic acid -CH 2CH2COO-
Glutamic acid -CH 2CONH2 Asparagine 



-CH 2CH2CONH2 GlutaminePhenylalanine Tyrosine H
Tryptophan -CH 2SH Cysteine -CH2CH2SCH3 Methionine -CH
2OH Serine -CH(OH)CH 3 Threonine Proline
Hydroxyproline In addition to naturally occurring
amino acid side chain moieties, the amino acid side
chain moieties of the present invention also include
various derivatives thereof. As used herein, a
"derivative" of an amino acid side chain moiety
includes modifications and/or variations to naturally
occurring amino acid side chain moieties. For example,
the amino acid side chain moieties of alanine, valine,
leucine, isoleucine and phenylalanine may generally be
classified as lower chain alkyl, aryl, or arylalkyl
moieties. Derivatives of amino acid side chain
moieties include other straight chain or branched,
cyclic or noncyclic, substituted or unsubstituted,
saturated or unsaturated lower chain alkyl, aryl or
arylalkyl moieties. As used herein, "lower chain alkyl
moieties" contain from 1-12 carbon atoms, "lower chain
aryl moieties" contain from 6-1 2 carbon atoms and
"lower chain aralkyl moieties" contain from 7-12
carbon atoms. Thus, in oneembodiment, the amino acid
side chain derivative is selected from a Ci -12 alkyl,
a Ce-12 aryl and a C7-12 arylalkyl, and in a more
preferred embodiment, from a Ci -7 alkyl, a C6-i o
aryl and a C7-11 arylalkyl. Amino side chain
derivatives of this invention further include
substituted derivatives of lower chain alkyl, aryl,
and arylalkyl moieties, wherein the substituent is
selected from (but is not limited to) one or more of
the following chemical moieties: -OH, -OR, -COOH,
-COOR, -CONH 2, -NH 2 , -NHR, -NRR, -SH, -SR, -SO 2R,
-SO 2H, -SOR and halogen (including F, Cl, Br and I),
wherein each occurrence of R is independently selected
from straight chain or branched, cyclic or noncyclic,
substituted or unsubstituted, saturated o r
unsaturated lower chain alkyl, aryl and aralkyl
moieties. Moreover, cyclic lower chain alkyl, aryl and
arylalkyl moieties of this invention include
naphthalene, as well as heterocyclic compounds such as
thiophene, pyrrole, furan, imidazole, oxazole,
thiazole, pyrazole, 3-pyrroline, pyrrolidine,
pyridine, pyrimidine, purine, quinoline, isoquinoline
and carbazole. Amino acid side chain derivatives
further include heteroalkyl derivatives of the alkyl
portion of the lower chain alkyl and aralkyl moieties,
including (but not limited to) alkyl and aralkyl
phosphonates and silanes. Representative Ri, R2, R3,
R4, R5, Re, R7, Rs and R9 moieties specifically
include (but are not limited to) -OH, -OR, -COR,
-COOR, -CONH 2 , - CONR, -CONRR, -NH 2 , -NHR, -NRR,
-SO 2R and -COSR, wherein each occurrence of R is as
defined above. In a further embodiment, and in
addition to being an amino acid side chain moiety or
derivative thereof (or the remainder of the compound
in the case of R1, R2, R3, R5, Re, R7, Rs and R9) ,
R1, R2, R3, R4, R5, Re, R7, R or R9 may be a linker
facilitating the linkage of the compound to another
moiety or compound. For example, the compounds of this
invention may be linked to one or more known
compounds, such as biotin, for use in diagnostic or
screening assay. Furthermore, Ri, R2, R3, R4 , R5, Re,
R7, Rs or Rg may be a linker joining the compound to a
solid support (such as a support used in solidphase
peptide synthesis) or alternatively, may be the
support itself. In this embodiment, linkage to another
moiety or compound, or to a solid support, is
preferable at the R1, R2, R7 or R8, or R9 position,
and more preferably at the R1 or R2 position. In the
embodiment wherein A is -(CHR 3)-, B is -(C=O)-, D is
-(CHR5)-, E is -(C=O)-, and G is -(XRy) n-, the
reverse turn mimetic compound of this invention has
the following formula (II): wherein R1, R2, R3, R5, R
,W, X and n are as defined above. In a preferred
embodiment, R1, R2 and R represent the remainder of
the compound, and R3 or R5 is selected from an amino
acid side chain moiety. In the embodiment wherein A is
-(C=O)-, B is -(CHR4)-, D is -(C=O)-, E is -(ZR 6)-, G
is -(C=O)-(XR 9)-, the reverse turn mimetic compound
of this invention has the following general formula
(III): wherein R-i, R2, R4, R6, Rg, W and X are as
defined above, Z is nitrogen or CH (when Z is CH, then
X is nitrogen). In a preferred embodiment, R1, R2, R6
and Rg represent the remainder of the compound, and R4
is selected from an 



amino acid side chain moiety. In a more specific
embodiment wherein A is -(C=O)-, B is - (CHR4)-, D is
-(C=O)-, E is -(ZR 6)-, and G is (XRz)n- , the reverse
turn mimetic compound of this invention has the
following formula (IV):wherein R-i, R2, R4, R , R7>W,
X and n are as defined above, and Z is nitrogen or CH
(when Z is nitrogen, then n is zero, and when Z is CH,
then X is nitrogen and n is not zero). In a preferred
embodiment, R-i, R2, R and R7 represent the remainder
of the compound, and R is selected from an amino acid
side chain moiety. In one aspect, R or R is selected
from an amino acid side chain moiety when Z and X are
both CH. These compounds may be prepared by utilizing
appropriate starting component molecules (hereinafter
referred to as "component pieces"). Briefly, in the
synthesis of reverse-turn mimetic structures having
formula (I), first and second component pieces are
coupled to form a combined firstsecond intermediate,
if necessary, third and/or fourth component pieces are
coupled to form a combined third-fourth intermediate
(or, if commercially available, a single third
intermediate may be used), the combined first-second
intermediate and third-fourth intermediate (or third
intermediate) are then coupled to provide a
first-second-third-fourth intermediate (or
first-second-third intermediate) which is cyclized to
yield the reverse-turn mimetic structures of this
invention. Alternatively, the reverse-turn mimetic
structures of formula (I) may be prepared by
sequential coupling of the individual component pieces
either stepwise in solution or by solid phase
synthesis as commonly practiced in solid phase peptide
synthesis. Specific component pieces and the assembly
thereof to prepare compounds of the present invention
are illustrated in Figure 1. For example, a "first
component piece" may have the following formula S 1: T
H (S1> R0wherein R2 is as defined above, and R is a
protective group suitable for use in peptide
synthesis, where this protection group may be joined
to a polymeric support to enable solid-phase
synthesis. Suitable R groups include alkyl groups and,
in a preferred embodiment, R is a methyl group. In
Figure 1, one of the R groups is a polymeric (solid)
support, indicated by "Pol" in the Figure. Such first
component pieces may be readily synthesized by
reductive amination of H2N-R2 with CH(OR)2-CHO, or by
a displacement reaction between H2N-R2 and
CH(OR)2-CH2-LG (wherein LG refers to a leaving group,
e.g., a halogen (Hal) group). A "second component
piece" may have the following formula S2: where P is
an amino protection group suitable for use in peptide
synthesis, Li is hydroxyl or a carboxyl-activation
group, and R4 is as defined above. Preferred
protection groups include t-butyl dimethylsilyl
(TBDMS), tbutyloxycarbonyl (BOC), methyloxycarbonyl
(MOC), 9Hfluorenylmethyloxycarbonyl (FMOC), and
allyloxycarbonyl (Alloc). NProtected amino acids are
commercially available; for example, FMOC amino acids
are available from a variety of sources. In order for
the second component piece to be reactive with the
first component piece, L1 is a carboxyl-activation
group, and the conversion of carboxyl groups to
activated carboxyl groups may be readily achieved by
methods known in the art for the activation of
carboxyl groups. Suitable activated carboxylic acid
groups include acid halides where Li is a halide such
as chloride or bromide, acid anhydrides where Li is an
acyl group such as acetyl, reactive esters such as an
N-hydroxysuccinimide esters and pentafluorophenyl
esters, and other activated intermediates such as the
active intermediate formed in a coupling reaction
using a carbodiimide such as dicyclohexylcarbodiimide
(DCC).Accordingly, commercially available N-protected
amino acids may be converted to carboxylic activated
forms by means known to one of skill in the art. In
the case of the azido derivative of an amino acid
serving as the second component piece, such compounds
may be prepared from the corresponding amino acid by
the reaction disclosed by Zaloom et al. (J. Org. Chem.
46:5173-76, 1981). Alternatively, the first component
piece of the invention may have the following formula
S11: (Sl') RO wherein R is as defined above and L2 is
a leaving group such as halogen atom or tosyl group,
and the second component piece of the invention may
have the following formula S21: HN 



p g o (S2') R4 wherein R2, R and P are as defined
above, A "third component piece" of this invention may
have the following formula S3: (S3)where G, E, L1 and
L2 are as defined above. Suitable third component
pieces are commercially available from a variety of
sources or can be prepared by methods well known in
organic chemistry. In Figure 1, the compound of
formula (1) has -(C=O)- for A, -(CHR4)- for B, -(C=O)-
for D, and -(CR 6)- for E. Compounds of formula ( 1)
wherein a carbonyl group is at position B and an R
group is at position B, i.e., compounds wherein A is
-(CHR 3)- and B is -(C=O)-, may be prepared in a
manner analogous to that shown in Figure 1, as
illustrated in Figure 2. Figure 2 also illustrates
adding a fourth component piece to the
first-second-third component intermediate, rather than
attaching the fourth component piece to the third
component piece prior to reaction with the
first-second intermediate piece. In addition, Figure 2
illustrates the prepartion of compounds of the present
invention wherein D is -(CHRs)- (rather than -(C=O)-
as in Figure 1), and E is -(C=O)- (rather than
-(CHR6)- as in Figure 1). Finally, Figure 2
illustrates the preparation of compounds wherein G is
NR7. Thus, as illustrated above, the reverse-turn
mimetic compounds of formula (I) may be synthesized by
reacting a first component piece with a second
component piece to yield a combined first-second
intermediate, followed by reacting the combined
first-second intermediate with third component pieces
sequentially to provide a combined
first-second-third-fourth intermediate, and then
cyclizing this intermediate to yield the reverse-turn
mimetic structure. The syntheses of representative
component pieces of this invention are described in
Preparation Examples and working Examples. The
reverse-turn mimetic structures of formula (III) and
(IV) may be made by techniques analogous to the
modular component synthesis disclosed above, but with
appropriate modifications to the component pieces. The
reverse-turn mimetic structures of the present
invention are useful as bioactive agents, such as
diagnostic, prophylactic, and therapeutic agents. For
example, the reverse-turn mimetic structures of the
presentinvention may be used for modulating a cell
signaling transcription factor related peptides in a
warm-blooded animal, by a method comprising
administering to the animal an effective amount of the
compound of formula (I). Further, the reverse-turn
mimetic structures of the present invention may also
be effective for inhibiting peptide binding to PTB
domains in a warm-blooded animal; for modulating G
protein coupled receptor (GPCR) and ion channel in a
warm-blooded animal; for modulating cytokines in a
warm-blooded animal. Meanwhile, it has been found that
the compounds of the formula (I), especially compounds
of formula (Vl) are effective for inhibiting or
treating disorders modulated by Wnt-signaling pathway,
such as cancer, especially colorectal cancer. wherein
Ra is a phenyl group; a substituted phenyl group
having one or more substituents wherein the one or
more substituents are independently selected from one
or more of amino, amidino, guanidino, hydrazino,
amidazonyl, Ci - 4alkylamino, Ci^dialkylamino,
halogen, perfluoro Ci^alkyl, Ci -4alkyl, Ci_ 3alkoxy,
nitro, carboxy, cyano, sulfuryl, and hydroxyl groups;
a benzyl group; a substituted benzyl group with one or
more substituents where the one or more substituents
are independently selected from one or more of amino,
amidino, guanidino, hydrazino, amidazonyl, Ci
-4alkylamino, Ci-4dialkylamino, halogen, perfluoro Ci
-4alkyl, C-|.3alkoxy, nitro, carboxy, cyano, sulfuryl,
and hydroxyl group; or a bicyclic aryl group having 8
to 11 ring members, which may have 1to 3 heteroatoms
selected from nitrogen, oxygen or sulfur; Rb is a
monocyclic aryl group having 5 to 7 ring members,
which may have 1 to 2 heteroatoms selected from
nitrogen, oxygen or sulfur, and aryl ring in the
compound may have one or more substituents selected
from a group consisting of halide, hydroxy, cyano,
lower alkyl, and lower alkoxy groups; Rc is a
saturated or unsaturated C1-6alkyl, Ci -6alkoxy,
perfluoro Ci-6alkyl group; and X1, X2, and X3 may be
the same or different and independently selected from
hydrogen, hydroxyl, and halide. In another aspect, it
is an object of the present invention to provide a
pharmaceutical composition comprising a safe and
effective amount of the compound having general
formula (Vl) and pharmaceutically acceptable carrier,
which can be used for treatment of disorders modulated
by Wnt 



signaling pathway, especially by TCF4- b-catenin-CBP
complex. Further, the present invention is to provide
a method for inhibiting the growth of tumor cells by
using the above-described composition of the present
invention; a method for inducing apoptosis of tumor
cells by using the above-described composition of the
present invention; a method for treating a disorder
modulated by TCF4- b catenin-CBP complex by using the
abovedescribed composition of the present invention;
and a method of treating cancer such as colorectal
cancer by administering the composition of the present
invention together with other anti-cancer agent such
as 5-fluorouracil (5-FU) 1taxol, cisplatin, mitomycin
C, tegafur, raltitrexed, capecitabine, and irinotecan,
etc. In a preferred embodiment of the present
invention, the compound of the present invention has a
(6S,1 OR)-configuration as follows:wherein Ra and Rb
have the same meanings as defined above. In another
aspect of this invention, prodrugs derived from
compounds having general formula (I) are disclosed.
The prodrugs generally increase aqueous solubility and
thus bioavailability of compounds having general
formula (I). In certain embodiments, the prodrugs of
the present invention have the following general
formula (VII): (Vl)-Y-R 10 wherein (Vl) is general
formula (Vl) as described above; Y is oxygen, sulfur,
or nitrogen of a group selected from R , Rb, Rc, X-i,
X2 and X3; Ri 0 is phosphate, hemisuccinate,
hemimalate, phosphoryloxymethyloxycarbonyl,
dimethylaminoacetate, dimethylaminoalkylcarbamate,
hydroxyalkyl, amino acid, glycosyl, substituted or
unsubstituted piperidine oxycarbonyl, or a salt
thereof; and wherein the prodrugs are capable of
serving as a substrate for a phosphatase or a
carboxylase and are thereby converted to compounds
having general formula (Vl). In some embodiments, Ri 0
of the general formula (VII) is not an amino acid
group or a phospho-amino acid group. In another aspect
of this invention, libraries containing reverseturn
mimetic structures of the present invention are
disclosed. Once assembled, the libraries of the
present invention may be screened to identify
individual members having bioactivity. Such screening
of the libraries for bioactive members may involve;
for example, evaluating the binding activity of the
members of the library or evaluating the effect the
library members have on a functional assay. Screening
is normally accomplished by contacting thelibrary
members (or a subset of library members) with a target
of interest, such as, for example, an antibody,
enzyme, receptor or cell line. Library members which
are capable of interacting with the target of
interest, are referred to herein as "bioactive library
members" or "bioactive mimetics". For example, a
bioactive mimetic may be a library member which is
capable of binding to an antibody or receptor, or
which is capable of inhibiting an enzyme, or which is
capable of eliciting or antagonizing a functional
response associated, for example, with a cell line. In
other words, the screening of the libraries of the
present invention determines which library members are
capable of interacting with one or more biological
targets of interest. Furthermore, when interaction
does occur, the bioactive mimetic (or mimetics) may
then be identified from the library members. The
identification of a single (or limited number) of
bioactive mimetic(s) from the library yields
reverse-turn mimetic structures which are themselves
biologically active, and thus are useful as
diagnostic, prophylactic or therapeutic agents, and
may further be used to significantly advance
identification of lead compounds in these fields.
Synthesis of the peptide mimetics of the library of
the present invention may be accomplished using known
peptide synthesis techniques, in combination with the
first, second and third component pieces of this
invention. More specifically, any amino acid sequence
may be added to the N-terminal and/or C-terminal of
the conformationally constrained reverse-turn mimetic.
To this end, the mimetics may be synthesized on a
solid support (such as PAM resin) by known techniques
(see, e.g., John M. Stewart and Janis D. Young, Solid
Phase Peptide Synthesis, 1984, Pierce Chemical Comp.,
Rockford, III.) or on a silyl-linked resin by alcohol
attachment (see Randolph et al., J. Am Chem. Soc.
117:5712-14, 1995). In addition, a combination of both
solution and solid phase synthesis techniques may be
utilized to synthesize the peptide mimetics of this
invention. For example, a solid support may be
utilized to synthesize the linear peptide sequence up
to the point that the conformationally
constrainedreverse-turn is added to the sequence. A
suitable conformational^ constrained reverse-turn
mimetic structure which has been previously
synthesized by solution synthesis techniques may then
be added as the next "amino acid" to the solid phase
synthesis (i.e., the conformational^ 



constrained reverse-turn mimetic, which has both an
N-terminus and a Cterminus, may be utilized as the
next amino acid to be added to the linear peptide).
Upon incorporation of the conformationally constrained
reverse-turn mimetic structures into the sequence,
additional amino acids may then be added to complete
the peptide bound to the solid support. Alternatively,
the linear N-terminus and C-terminus protected peptide
sequences may be synthesized on a solid support,
removed from the support, and then coupled to the
conformationally constrained reverse-turn mimetic
structures in solution using known solution coupling
techniques. In another aspect of this invention,
methods for constructing the libraries are disclosed.
Traditional combinatorial chemistry techniques (see,
e.g., Gallop et al., J. Med. Chem. 37:1233-1251 ,
1994) permit a vast number of compounds to be rapidly
prepared by the sequential combination of reagents to
a basic molecular scaffold. Combinatorial techniques
have been used to construct peptide libraries derived
from the naturally occurring amino acids. For example,
by taking 20 mixtures of 20 suitably protected and
different amino acids and coupling each with one of
the 20 amino acids, a library of 400 (i.e., 202)
dipeptides is created. Repeating the procedure seven
times results in the preparation of a peptide library
comprised of about 26 billion (i.e., 208)
octapeptides. Specifically, synthesis of the peptide
mimetics of the library of the present invention may
be accomplished using known peptide synthesis
techniques, for example, the General Scheme of [4,4,0]
Reverse-Turn Mimetic Library as follows:(V=O, Sor NH)
Synthesis of the peptide mimetics of the libraries of
the present invention was accomplished using a
FlexChem Reactor Block which has 96 well plates by
known techniques. In the above scheme 'Pol' represents
a bromoacetal resin (Advanced ChemTech) and detailed
procedure is illustrated below. Step i A bromoacetal
resin (37mg, 0.98 mmol/g) and a solution of R2- amine
in DMSO ( 1.4ml_) were placed in a Robbins block
(FlexChem) having 96 well plates. The reaction mixture
was shaken at 6O0C using a rotating oven [Robbins
Scientific] for 12 hours. The resin was washed with
DMF, MeOH, and then DCM Step 2 A solution of
commercial available FmocAmino Acids (4 equiv.), PyBob
(4 equiv.), HOAt (4 equiv.), and DIEA (12 equiv.) in
DMF was added to the resin. After the reaction mixture
was shaken for 12 hours at room temperature, the resin
was washed with DMF, MeOH, and then DCM. Step 3 To the
resin swollen by DMF before reaction was added 25%
piperidine in DMF and the reaction mixture was shaken
for 30 min at room temperature. This deprotection step
was repeated again and the resin waswashed with DMF,
Methanol, and then DCM. A solution of hydrazine acid
(4 equiv.), HOBt (4 equiv.), and DIG (4 equiv.) in DMF
was added to the resin and the reaction mixture was
shaken for 12 hours at room temperature. The resin was
washed with DMF, MeOH, and then DCM. Step 4a (Where
hydrazine acid is MOC carbamate) The resin obtained in
Step 3 was treated with formic acid (1.2 ml_ each
well) for 18 hours at room temperature. After the
resin was removed by filtration, the filtrate was
condensed under a reduced pressure using SpeedVac
[SAVANT] to give the product as oil. The product was
diluted with 50% water/acetonitrile and then
lyophilized after freezing. Step 4b (Where Fmoc
hydrazine acid is used to make Urea through isocynate)
To the resin swollen by DMF before reaction was added
25% piperidine in DMF and the reaction mixture was
shaken for 30 min at room temperature. This
deprotection step was repeated again and the resin was
washed with DMF, Methanol, then DCM. To the resin
swollen by DCM before reaction was added isocynate (5
equiv.) in DCM. After the reaction mixture was shaken
for 12 hours at room temperature the resin was washed
with DMF, MeOH, then DCM. The resin was treated with
formic acid ( 1 .2 ml_ each well) for 18 hours at room
temperature. After the resin was removed by
filtration, the filtrate was condensed under a reduced
pressure using SpeedVac [SAVANT] to give the product
as oil. The product was diluted with 50%
water/acetonitrile and then lyophilized after
freezing. Step 4c (Where Fmoc-hydrazine acid is used
to make Urea through active carbamate) 



To the resin swollen by DMF before reaction was added
25% piperidine in DMF and the reaction mixture was
shaken for 30 min at room temperature. This
deprotection step was repeated again and the resin
waswashed with DMF, MeOH, and then DCM. To the resin
swollen by DCM before reaction was added p-nitrophenyl
chloroformate (5 equiv.) and diisopropyl ethylamine (5
equiv.) in DCM. After the reaction mixture was shaken
for 12 hours at room temperature, the resin was washed
with DMF, MeOH, and then DCM. To the resin was added
primary amines in DCM for 12 hours at room temperature
and the resin was washed with DMF, MeOH, and then DCM.
After reaction the resin was treated with formic acid
( 1.2 ml_ each well) for 18 hours at room temperature.
After the resin was removed by filtration, the
filtrate was condensed under a reduced pressure using
SpeedVac [SAVANT] to give the product as oil. The
product was diluted with 50% water/acetonitrile and
then lyophilized after freezing. To generate these
block libraries the key intermediate hydrazine acids
were synthesized according to the procedure
illustrated in Preparation Examples. Tables 2A and 2B
show a [4,4,0] Reverse turn mimetics library which can
be prepared according to the present invention, of
which representative preparation is given in Example
4. TABLE 2A THE [4,4,0]REVERSE TURN MIMETICS
LIBRARYCOMPOSITIONS AND PROCESSES FOR REDUCING NOx
EMISSIONSDURING FLUID CATALYTIC CRACKINGC OS ' EI N
'Td l TED APPLICATIONS [0001] This application is a
continuation in part application of U.S. Patent
Application Serial No. 10/824,913, filed April 15,
2004. FIELD OF THE INVENTION [0002] The present
invention relates to NOx reduction compositions and
the method of use thereof to reduce NOx emissions in
refinery processes, and specifically in fluid
catalytic cracking (FCC) processes. More particularly,
the present invention relates to NOx reduction
compositions and the method of use thereof to reduce
the content of NOx off gases released from a fluid
catalytic cracking unit (FCCU) regenerator during the
FCC process without a substantial change in
hydrocarbon conversion or the yield of valuable
cracked products. BACKGROUND OF THE INVENTION [0003]
In recent years there has been an increased concern in
the United States and elsewhere about air pollution
from industrial emissions of noxious oxides of
nitrogen, sulfur and carbon. In response to such
concerns, government agencies have placed limits on
allowable emissions of one or more of these
pollutants, and the trend is clearly in the direction
of increasingly stringent regulations. [0004] NOx, or
oxides of nitrogen, in flue gas streams exiting from
fluid catalytic cracking (FCC) regenerators is a
pervasive problem. Fluid catalytic cracking units
(FCCUs) process heavy hydrocarbon feeds containing
nitrogen compounds, a portion of which is contained in
the coke on the catalyst as it enters the regenerator.
Some of this coke-nitrogen is eventually converted
into NOx emissions, either in the FCC regenerator or
in a downstream CO boiler. Thus, all FCCUs processing
nitrogencontaining feeds can have a NO emissions
problem due to catalyst regeneration. [0005] In the
FCC process, catalyst particles (inventory) are
continuously circulated between a catalytic cracking
zone and a catalyst regeneration zone. During
regeneration, coke deposited on the cracking catalyst
particles in the cracking zone is removed at elevated
temperatures by oxidation with oxygen containing gases
such as air. The removal of coke deposits restores the
activity of the catalyst particles to the point where
they can be reused in the cracking reaction. In
general, when coke isflue gas has a high CO/CO2 ratio
and a low level of NOx, but when burned with excess
oxygen, the flue gas has a high level OfNO x and a
reduced CO content. Thus, CO and NOx,. or mixtures of
these pollutants are emitted with the flue gas in
varying quantities, depending on such factors as unit
feed rate, nitrogen content of the feed, regenerator
design, mode of operation of the regenerator, and
composition of the catalyst inventory. [0006] Various
attempts have been made to limit the amount of NOx
gases emitted from the FCCU by treating the NOx gases
after their formation, e.g., post-treatment of NOx
containing gas streams as described in U.S. Patent
Nos. 4,434,147, 4,778,664, 4,735,927, 4,798,813,
4,855,115, 5,413, 699, and 5,547,648. : [0007] Another
approach has been to modify the operation of the
regenerator to partial burn and then treat the NOx
precursors in the flue gas before they are converted
to NOx, e.g., U.S. Patent Nos. 5,173,278, 5,240,690,
5,372,706, 5,413,699, 5,705,053, 5,716,514, and
5,830,346. [0008] Yet another approach has been to
modify the operation of the regenerator as to reduce
NOx emissions, e.g., U.S. Patent 5,382,352, or modify
the CO combustion promoter used, e.g., U.S. Patents
4,199,435, 4,8 12,430, and 4,812,431. Enrichment of 



air with oxygen in a regenerator operating in partial
burn mode has also been suggested, e.g., U.S. Patent
5,908,804. [0009] Additives have also been used in
attempts to deal with NOx emissions. U.S. Patent Nos.
6,379,536, 6,280,607, 6,129,834 and 6,143,167 disclose
the use OfNO x removal compositions for reducing NOx
emissions from the FCCU regenerator. U.S. Patent Nos.
6,165,933 and 6,358,881 also disclose a NOx reduction
composition, which promotes CO combustion during the
FCC catalyst regeneration process step while
simultaneously reducing the level OfNOx emitted during
the regeneration step. NOx reduction compositions
disclosed by these patents may be used as an additive
which is circulated along with the FCC catalyst
inventory or incorporated as an integral part of the
FCC catalyst. [0010] U.S. Patent Nos. 4,973,399 and
4,980,052 disclose reducing emissions OfNO from the
regenerator of the FCCU by incorporating into the
circulating inventory of cracking catalyst separate
additive particles containing a copper-loaded
zeolite."XOOlI] Many ' aHditive "compositions
heretofore used to control NOx emissions have
typically caused a significant decrease in hydrocarbon
conversion or the yield of valuable cracked products,
e.g., gasoline, light olefins and liquefied petroleum
gases (LPGs), while increasing the production of coke.
It is a highly desirable characteristic for NOx
additives added to the FCCU not to affect the cracked
product yields or change the overall unit conversion.
The operation of the FCCU is typically optimized based
on the unit design, feed and catalyst to produce a
slate of cracked products and maximize refinery
profitability. This product slate is based on the
value model of the specific refinery. For example,
during the peak summer driving season many refiners
want to maximize gasoline production, while during the
winter season refiners may want to maximize heating
oil production. In other cases a refinery may find it
profitable to produce light olefins products that can
be sold in the open market or used in an associated
petrochemical plant as feedstocks. [0012] When a NOx
reduction additive increases coke production, the FCCU
may have insufficient air capacity to burn the extra
coke and may result in a lower feed throughput in the
unit. If the additive increases the production of low
value dry gas, the production of more valuable
products may decrease. An increase in dry gas may
exceed the ability of the unit to handle it, thus
forcing a reduction of the amount of feed processed.
While an additive that increases light olefins
production may be desirable if the refinery values
these products and the unit has the equipment
necessary to process the extra light hydrocarbons, the
additive may reduce profitability if the refinery's
goal is to maximize gasoline production. Light olefins
are typically made in the FCCU at the expense of
gasoline production. Even an additive which increases
unit conversion may be undesirable if it affects
product yields, causes the unit to reach an equipment
limitation, and/or decreases the amount of feed that
can be processed. [0013] Consequently, any change to
the FCCU that affects the product slate or changes the
ability to process feed at the desired rate can be
detrimental to the refinery profitability. Therefore,
there exists a need for NOx control compositions which
do not significantly affect product yields and overall
unit conversion.St JMMARY OF THE INVENTION [0O14] It
has now been discovered that the incorporation of a
NOx reduction zeolite component with a catalytically
cracking catalyst inventory, in particular a cracking
catalyst inventory containing an active Y-type
zeolite, being circulated throughout a fluid catalytic
cracking unit (FCCU) during a fluid catalytic cracking
(FCC) process provides superior NOx control
performance without substantially changing , or
affecting the hydrocarbon conversion or the yield of
cracked petroleum products produced during the FCC
process. [0Ol 5] In accordance with the present
invention, novel NOx reduction compositions are
provided. Typically, the compositions comprise a
particulate composition containing particles of a NOx
reduction zeolite component. In a preferred embodiment
of the invention, the NOx reduction zeolite particles
are bound with an inorganic binder. The binder
preferably comprises silica, alumina or silica
alumina. Preferably, the NOx reduction zeolite is
exchanged with hydrogen, ammonium, alkali metal and
combinations thereof. The preferred alkali metal is
sodium, potassium and combinations thereof. [0016] In
one aspect of the invention, novel zeolite containing
NOx reduction compositions are provided which are
added to a circulating inventory of the catalytic
cracking catalyst as a separate admixture of particles
to reduce NOx emissions released from the FCCU
regenerator during the FCC process. [0017] In another
aspect of the invention, novel NOx reduction
compositions are provided which comprise a NOx
reduction zeolite incorporated as an integral
component of an FCC catalyst, preferably, containing a
Y-type zeolite active cracking component. [0018] In
yet another aspect of the invention, novel NOx
reduction compositions are 



provided which compositions reduce NOx emissions from
the FCCU regenerator during the FCC process while
substantially maintaining hydrocarbon conversion and
the yield of cracked petroleum products and minimizing
an increase in the. production of coke. [001 9 ] It is
another aspect of the present invention to provide a
process for the reduction of the content of NOx in the
off gas of the FCCU regenerator during theFCC process
using NOx reduction compositions in accordance with
the present invention. [0020] Another aspect of the
invention is to provide improved FCC processes for the
reduction of the content of NOx in the off gases of
the FCCU regenerator without substantially affecting
hydrocarbon conversion or the yield of petroleum
products produced during the FCC process. [0021] These
and other aspects of the present invention are
described in further detail below. BRIEF DESCRIPTION
OF THE DRAWINGS [0022] The FIGURE is a graphic
representation of the effectiveness of Additive A,
Additive B, Additive C Additive D and Additive E
prepared in EXAMPLES 1, 2, 3, 4 and 5 respectively, to
reduce NOx emissions from a DCR regenerator versus
time on stream, when the additives are blended with an
equilibrium cracking catalyst (having the properties
as shown in Table 2) which contains 0.25 weight
percent of a platinum promoter, CP-3 (r) (obtained
from Grace Davisn, Columbia, MD and deactivated using
the Cyclic Propylene Steaming procedure as described
in EXAMPLE 6). DETAILED DESCRIPTION OF THE INVENTION
[0023] Although several nitrogen oxides are known
which are relatively stable at ambient conditions, for
purposes of the present invention, NOx will be used
herein to represent nitric oxide, nitrogen dioxide
(the principal noxious oxides of nitrogen) as well as
N2O4,N2O5 and mixtures thereof. [0024] The present
invention encompasses the discovery that the use of
certain zeolite containing NO x reduction compositions
in combination with a fluid catalytic cracking (FCC)
catalyst, preferably a catalyst comprising an active
Y-type zeolite, is very effective for the reduction of
NOx emissions released from the FCCU regenerator under
FCC process conditions without a substantial change in
hydrocarbon feed conversion or the yield of cracked
products. Compositions of the invention typically
comprise a particulate composition containing
particles of a NOx reduction zeolite component. In a
preferred embodiment of the invention, the NOx
reduction zeolite particles are bound with an
inorganic binder. The novel NOx reduction
compositionsmay e aaaea to me circulating inventory of
the catalytic cracking catalyst a s a separate
particle additive or incorporated as an integral
component into the cracking catalyst. [0025] For
purposes of the present invention, the phrase "a
substantial change in hydrocarbon feed conversion or
the yield of cracked products" is defined herein to .
mean in the alternative (i) less than a 30% relative
change, preferably less than' a 20% . relative change
and most preferably less than a 10% relative change in
the yield of . LCO (light cycle oils), bottoms and
gasoline in combination with LPG as compared to the
baseline yield of the same or substantially the same
products; or (ii) less than a 10% relative change,
preferably less than a 6.5% relative change and most
preferably less than a 5% relative change in the
hydrocarbon feed conversion as compared to the
baseline conversion. The conversion is defined as 100%
times ( 1 - bottoms yield - LCO yield). When the NOx
reduction composition is used as a separate additive,
the baseline is the mean conversion or yield of a
product in the FCCU, operating with .the same or
substantially the same feed and under the same or
substantially the same reaction and unit conditions,
but before the additive of the present invention is
added to the catalyst inventory. When the NOx
reduction composition is integrated or incorporated
into the cracking catalyst particles to provide an
integral NOx reduction catalyst system, a significant
change in the hydrocarbon conversion or yield of
cracked products is determined using a baseline
defined as the mean conversion or yield of a product
in the same or substantially the same FCCU operating
with the same or substantially the same feed, under
the same or substantially the same reaction and unit
conditions, and with a cracking catalyst inventory
comprising the same or substantially the same cracking
catalyst composition as that containing the NOx
reduction composition, except that the NO reduction
composition is replaced in the cracking catalyst with
a matrix component such as kaolin or other filler. The
percent changes specified above are derived from
statistical analysis of DCR operating data. [0026]
Zeolites useful as the NOx reduction zeolite component
in the present invention include zeolites ha ving a
pore size ranging from about 3 to about 7.2 Angstroms
with SiO to AI2O3 molar ratio of less than about 500,
preferably less than 250, most preferably less than
100. Preferably, the NOx reduction zeolite component
is a zeolite selected from the group consisting of
ZSM-1 1, beta, MCM-49, mordenite,MCM-56, Zeolite-L,
zeolite Rho, errionite, chabazite, clinoptilolite,
MCM-22, MCM- 35, MCM-61, Offretite, A, ZSM-12, ZSM-23,
ZSM-18, ZSM-22, ZSM-57, ZSM-61, 



ZK-5, NaJ, Nu-87, CiM 5 SSZ-35, SSZ-48, SSZ-44,
SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne,
Laumontite, Epistilbite, Gmelonite, Gismondine,
Cancrinite, Brewsterite, Stilbite, Paulingite,
Goosecreekite, Natrolite, omega or mixtures thereof.
In the most preferred embodiment of the invention, the
NOx reduction zeolite component is a zeolite selected
from the group consisting of beta, MCM-49, mordenite,
MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM-22, Offretite, A, ZSM-12, ZSM-23,
omega and mixtures thereof. [0027] In a preferred
embodiment of the invention, the NOx reduction zeolite
has a surface area of at least 100 in 2/g, preferably
at least 200 m2/g and most preferably at least 300
m2/g. In another embodiment of the invention, the NOx
reduction zeolite is exchanged with ,a material
selected from the group consisting of hydrogen,
ammonium, alkali metal and combinations thereof, prior
to incorporation into the binder or FCC catalyst. The
preferred alkali metal is one selected from the group
consisting of sodium, potassium and mixtures thereof.
[0028] Optionally, the NOx reduction zeolite may
contain stabilizing amounts, e.g., up to about 25
weight percent, of a stabilizing metal (or metal ion),
preferably incorporated into the pores of the zeolite.
Suitable stabilizing metals include, but are not
limited to, metals selected from the group consisting
of Groups 2A, 3B, 4B, 5B, 6B, 7B, 8B, 2B, 3A, 4A, 5A,
and the Lanthanide Series of The Periodic Table, Ag
and mixtures thereof. Preferably, the stabilizing
metals are selected from the group consisting of
Groups 3B, 2A, 2B, 3A and the Lanthanide Series of the
Periodic Table, and mixtures thereof. Most preferably,
the stabilizing metals are selected from the group
consisting of lanthanum, aluminum, magnesium, zinc,
and mixtures thereof. The metal may be incorporated
into the pores of the NOx reduction zeolite by any
method known in the art, e.g., ion exchange,
impregnation or the like. For purposes of this
invention, the Periodic Table referenced herein above
is the Periodic Table as published by the American
Chemical Society. [0029] The amount of NOx reduction
zeolite used in the catalyst/additive compositions of
the invention will vary depending upon several
factors, including but not limited to, the mode of
combining the NOx reduction zeolite with the
catalyticcracking catalyst and the type of cracking
catalyst used. In one embodiment. of the invention,
the compositions of the invention are separate
catalyst/additive compositions and comprise a
particulate.composition formed by binding particles of
a NOx reduction zeolite component with a suitable
inorganic binder. Generally, the amount of the NOx
reduction zeolite component present in the particulate
compositions of the invention is at least 1O,
preferably at least 30, most preferably at least 40
and even more preferably at least 5 O, weight percent
based on the total weight of the composition.
Typically, the particulate catalyst/additive
composition of the invention contains from about 10 to
about 85, preferably from about 30 to about 80, most
preferably, from about 40 to about 75, weight percent
of the NOx reduction zeolite component based on the
total weight of the catalyst/additive composition. r
[0030] Binder materials useful to prepare the
particulate compositions of* the invention include any
inorganic binder which is capable of binding a zeolite
powder to form particles having properties suitable
for use in the FCCU under FCC process conditions.
Typical inorganic binder materials useful to prepare
compositions in accordance with the present invention
include, but are not limited to, alumina, silica,
silica alumina, aluminum phosphate and the like, and
mixtures thereof. Preferably, the binder is selected
from the group consisting of alumina, silica, silica
alumina. More preferably, the binder comprises
alumina. Even more preferably, the binder comprises an
acid or base peptized alumina. Most preferably, the
binder comprises an alumina sol, e.g., aluminum
chlorohydrol. Generally, the amount of binder material
present in the particular catalyst/additive
compositions comprises from about 5 to about 50 weight
percent, preferably from about 10 to about 30 weight
percent, most preferably from about 15 to about 25
weight percent, of the catalyst/additive composition
of the invention. [0031] Additional materials
optionally present in the compositions of the present
invention include, but are not limited to, fillers
(e.g., kaolin clay) or matrix materials (e.g.,
alumina, silica, silica alumina, yttr a , lanthana,
ceria, neodymia, samaria, europia, gadolinia, titania,
zirconia, praseodymia and mixtures thereof). When
used, the additional materials are used in an amount
which does not significantly adversely affect the
performance of the compositions to reduce NOx
emissions released from the FCCU regenerator under FCC
conditions, the hydrocarbon feed conversion or
theproduct yield of the cracking catalyst. In general
the additional materials will comprise no more than
about 70 weight percent of the compositions. It is
preferred, however, that the compositions of the
invention consist essentially of the NOx reduction
zeolite and an inorganic binder. [0032] Particulate
catalyst/additive compositions of the invention should
have a particle size sufficient to permit the
composition to be circulated throughout the FCCU
simultaneously with the inventory of cracking catalyst
during the FCC process. 



Typically the composition of the invention will have a
mean particle size of greater than 45 mm. Preferably,
the mean particle size is from about 50 to about 200
mm, most preferably from about 55 to about 150 mrn,
even more preferred from about 60 to about 120 mm. The
compositions of the invention typically have a Davison
attrition index (DI) value of less than about 50,
preferably less than about 20, most preferably less
than about 15. [0033] While the present invention is
not limited to any particular process of preparation,
typically the particulate NOx reduction compositions
of the invention are prepared by forming an aqueous
slurry containing the NOx reduction zeolite, optional
zeolite components, the inorganic binder, and optional
matrix materials, in an amount sufficient to provide
at least 10.0 weight percent of NOx reduction zeolite
and at least 5.0 weight percent of binder material in
the final catalyst/additive composition and,
thereafter, spray drying the aqueous slurry to form
particles. The spray-dried particles are optionally
dried at a sufficient temperature for a sufficient
time to remove volatiles, e.g., at about 90C to about
320C for about 0.5 to about 24 hours. In a preferred
embodiment of the invention, the NOx reduction zeolite
containing aqueous slurry is milled prior to
spray-drying to reduce the mean particle size of
materials contained in the slurry to 10 mm or less,
preferably 5 mm or less, most preferably 3 mm or less.
The aqueous slurry may be milled prior to or after
incorporation of the binder and/or matrix materials as
desired. [0034] The spray-dried composition may be
calcined at a temperature and for a time sufficient to
remove volatiles and provide sufficient hardness to
the binder for use in the FCCU under FCC process
conditions, preferably from about 320C to about 900C
from about 0.5 to about 6 hours.1603$] is washed or
exchanged with an aqueous solution of ammonia or
ammonium salt (e.g., ammonium sulfate, nitrate,
chloride, carbonate, phosphate and the like), or an
inorganic or organic acid (e.g., sulfuric, nitric,
phosphoric, hydrochloric, acetic, formic and the like)
to reduce the amount of alkaline metals, e.g. sodium
or potassium, in the finished product. [0036]
Particulate compositions of the invention are
circulated in the form of separate particle additives
along with the main cracking catalyst throughout the
FCCU. Generally, the catalyst/additive composition is
used in an amount of at least; 0.1 weight percent of
the FCC catalyst inventory. Preferably the amount of
the catalyst/additive composition used ranges from
about 0.1 to about 75 weight percent, most preferably
from about 1 to about 50 weight percent of the FCC
catalyst inventory. Separate particle
catalyst/additive compositions of the invention may be
added to the FCCU in the conventional manner, e.g.,
with make-up catalyst to the regenerator or by any
other convenient method. [0037] In a second embodiment
of the invention, the NOx reduction zeolite is
integrated or incorporated into the cracking catalyst
particles themselves to provide an integral NOx
reduction catalyst system. In accordance with this
embodiment of the invention, the NOx reduction zeolite
may be added to the catalyst at any stage during
catalyst manufacturing prior to spray drying the
cracking catalyst slurry to obtain the fluid cracking
catalyst, regardless of any additional optional or
required processing steps needed to finish the
cracking catalyst preparation. Without intending to
limit the incorporation of the NOx reduction zeolite
component, and any optional zeolites, within the
cracking catalyst to any specific method of cracking
catalyst manufacturing, typically the NO reduction
zeolite component, any additional zeolites, the
cracking catalyst zeolite, usually USY or RETJSY-type,
and any matrix materials are slurried in water. The
slurry is milled to reduce the mean particle size of
solids in the slurry to less than 10 mm, preferably to
less than 5 mm, most preferably less than 3 mm. The
milled slurry is combined with a suitable binder,
i.e., a silica sol binder, and optional matrix
material, e.g. clay. The slupy is then mixed and
spray- . dried to form a catalyst. The spray-dried
catalyst is optionally washed using an aqueous
solution of ammonium hydroxide, an ammonium salt, an
inorganic or organic acid, and water to remove the
undesirable salts. The washed catalyst may beexchanged
with a water soluble rare-earth salt, e.g., rare-earth
chlorides, nitrates and the like. [0038]
Alternatively, the NOx reduction zeolite component,
optional additional zeolites, the cracking catalyst
zeolite, any matrix materials, a rare-earth water
soluble salt, clay and alumina sol binder are slurried
in water and blended. The slurry is milled and
spray-dried. The spray-dried catalyst is calcined at
about 250C to about 900C. The spray-dried catalyst may
then optionally be washed using an aqueous solution of
ammonium hydroxide, an ammonium salt, an inorganic or
organic acid, and water to remove the undesirable
salts. Optionally, the catalyst may be exchanged with
a water-soluble rare-earth salt after it has been
washed, by any of the methods known in the art. [0039]
When integrated into the FCC catalyst particles, the
NOx reduction zeolite component typically represents
at least 0.1 weight percent of the FCC catalyst 



particle. Preferably, the amount of the NOx reduction
zeolite component used ranges from about 0.1 to about
60 weight percent, most preferably from about 1 to
about 40 weight percent, of the FCC catalyst
particles. [0040] The integrated FCC catalyst will
typically comprise the NO ; reduction zeolite
component along with the cracking catalyst zeolite,
inorganic binder materials and optionally, matrix,
fillers, and other additive components such as metals
traps (for example, traps for Ni and V) to make up the
cracking catalyst. The cracking catalyst zeolite,
usually a Y, USY or REUSY-type, provides the majority
of the cracking activity and is typically present in a
range from about 10 to about 75, preferably from about
15 to about 60 and most preferably from about 20 to
about 5 0 weight percent based on the total weight of
the composition. Inorganic binder materials useful to
prepare integrated catalyst compositions in accordance
with the present invention include any inorganic
material capable of binding the components of the
integrated catalyst to form particles having
properties suitable for use in the FCCU under FCC
process conditions. Typically, the inorganic binder
materials include, but are not limited to, alumina,
silica, silica alumina, aluminum phosphate and the
like, and mixtures thereof. Preferably, the binder is
selected from the groTip consisting of alumina,
silica, silica alumina. Generally, the amount of
binder material present in the integrated catalyst
composition is less than 50 weight percent based on
the totalweight ot the catalyst composition.
Preferably, the inorganic binder materials is present
in the integrated catalyst in an amount ranging from
about 5 to about 45 weight percent, more preferably
from about 10 to about 30 weight percent and most
preferably from about 15 to about 25 weight percent,
based on the total weight of the composition. [0041]
The matrix materials optionally present in the
integrated catalyst compositions of the present
invention include, but are not limited to alumina,
silica alumina, rare earth oxides such as lanthana,
transition metal oxides such as titania, zirconia, and
manganese oxide, group 2A oxides such as magnesium and
barium oxides, clays such as kaolin, and mixtures
thereof. The matrix and/or fillers are typically
present in the integral catalyst in an amount of less
than 50 weight percent based the total weight of the
catalyst composition. Preferably, the matrix and/or
fillers are present in an amount ranging from about 1
to about 45 weight percent based on tine total weight
of the catalyst composition. [0042] The particle size
and attrition properties of the integra.1 catalyst
affect fluidization properties in the unit and
determine how well the catalyst is retained in the
commercial FCC unit. The integral catalyst composition
of the invention typically has a mean particle size of
about 45 to about 200mm,. more preferably from about
50mm to about 150mm. The attrition properties of the
integral catalyst, as measured by the Davison
Attrition Index (DI), have a DI value of less than 5
O5, more preferably less than 20 and most preferably
less than 15. [0043] In a preferred embodiment of the
invention, the FCC cracking catalyst contains a Y-type
zeolite. The NOx reduction zeolite may be added as a
separate additive particle to a circulating inventory
of the cracking catalyst or incorporated directly into
the Y-type zeolite containing cracking catalyst as an
integral component of the catalyst. In either case, it
is preferred that the NOx reduction zeolite be present
in that amount sufficient to provide in the total
catalyst inventory a ratio of NOx reduction zeolite to
Y-type zeolite of less than 2, preferably less than 1
. [0044] It is also within the scope of the invention
to include additional zeolite components in the
catalyst/additive compositions of the invention. The
additional zeolite component may be any zeolite which
does not adversely affect the NOx reduction
performance or cause a substantial change in
hydrocarbon conversion or i 3cracked product yields
during the FCC process. Preferably, the additional
zeolite component is a zeolite selected from the group
consisting of ferrierite, ZSM-5, ZSNl- 35 and mixtures
thereof. The additional zeolite component is used in
any amount ttiat does not significantly adversely
affect the performance of the NOx reduction zeolite
compositions to reduce NOx emissions and substantially
maintain the hydrocarbon conversion and product yields
of the cracking catalyst relative to the use of tiie
cracking catalyst without the NOx reduction
catalyst/additive composition. Typically, . the
additional zeolite component is used in an amount
ranging from about 1 to about 80, preferably from
about 10 to about 70, weight percent of the
catalyst/additrve. composition. Where the NOx
reduction zeolite is used as an integral component of
tihe catalyst, the additional zeolite component is
preferably used in an amount ranging from about 0.1 to
about 60, most preferably from about 1 to about 40,
weight percent of the catalyst composition. . . [0045]
Somewhat briefly, the FCC process involves the
cracking of hea"vy hydrocarbon feedstocks to lighter
products by contact of the feedstock in a cyclic
catalyst recirculation cracking process with a
circulating fluidizable cracking catalyst inventory
consisting of particles having a mean size ranging
from about 50 to about 



150 mm preferably from about 60 to about 120 mm. The
catalytic cracking of these relatively high molecular
weight hydrocarbon feedstocks results in the
production of a hydrocarbon product of lower molecular
weight. The significant steps in the cyclic FCC
process are: (i) the feed is catalytically cracked in
a catalytic cracking zone, normally a riser cracking
zone, operating at catalytic cracking conditions by
contacting feed with a source of hot, regenerated
cracking catalyst to produce an effluent comprising
cracked products and spent catalyst containing coke
and strippable hydrocarbons; (ii) the effluent is
discharged and separated, normally in one or more
cyclones, into a vapor phase rich in cracked product
and a solids rich phase comprising the spent catalyst;
(iii) the vapor phase is removed as product and
fractionated in the FCC main column and its associated
side columns to form gas and liquid cracking products
including gasoline; (iv) the spent catalyst is
stripped, usually with steam, to remove occluded
hydrocarbons from the catalyst, after which the
stripped catalyst is oxidatively regenerated in a
catalyst regeneration zone to produce hot, regenerated
catalyst which is then recycled to the cracking zone
for cracking further quantities of feed. [0046]
Conventional FCC catalysts include, for example,
zeolite based catalysts with a faujasite cracking
component as described in the seminal review by Venuto
and Habib, Fluid Catalytic Cracking with Zeolite
Catalysts, Marcel Dekker, New York 1979, ISBN
0-8247-6870-1, as well as in numerous other sources
such as Sadeghbeigi, Fluid Catalytic Cracking
Handbook, Gulf Publ. Co. Houston, 1995, ISBN
0-88415-290-1. Preferably, the FCC catalyst is a
catalyst comprising a Y-type zeolite active cracking
component. In a particularly preferred embodiment of
the invention, the FCC catalysts consist of a binder,
usually. silica, alumina, or silica alumina, a Y-type
zeolite active component, one or more matrix aluminas
and/or silica aluminas, and fillers such as kaolin
clay. The Y-type zeolite may be present in one or more
forms and may have been ultra stabilized and/or
treated with stabilizing cations such as any of the
rare-earths. [0047] Typical FCC processes are
conducted at reaction temperatures of 480C to 600C
with catalyst regeneration temperatures of 600C to
800C. As it is well known in the art, the catalyst
regeneration zone may consist of a single or multiple
reactor vessels. The compositions of the invention may
be used in FCC processing of any typical hydrocarbon
feedstock. Suitable feedstocks include petroleum
distillates or residuals of crude oils having a
boiling point range of about 150C to about 900C,
preferably, about 200C to about 800C, which when
catalytically cracked provide a gasoline or other
petroleum product. Synthetic feeds having boiling
points of about 200C to about 800C, such as oil from
coal, tar sands or shale oil, can also be
included.[0048] In order to remove coke from the
catalyst, oxygen or air is added to the regeneration
zone. This is performed by a suitable sparging device
in the bottom of the regeneration zone, or if desired,
additional oxygen is added to the dilute or dense
phase of the regeneration zone. [0049]
Catalyst/additive compositions in accordance with the
invention dramatically reduce, i.e., by at least 10%,
preferably at least 20%, the emissions of NOx in the.
FCCU regenerator effluent during the catalyst
regeneration, while substantially maintaining the
hydrocarbon feed conversion or the yield of cracked
products, e.g., gasoline and light olefins, obtained
from the cracking catalyst. In some cases, NOx
reduction of 90% or greater is readily achievable
using the compositions and method of the invention
without significantly affecting the cracked products
yields or feed conversion. However, as will be
understood by one skilled in the catalyst art the
extent of NOx reduction will depend on such factors
as, for example, the composition and amount of the
additive utilized; the design and the manner in which
the catalytic cracking unit is operated, including but
not limited to oxygen level and distribution of air in
the regenerator, catalyst bed depth in the
regenerator, stripper operation and regenerator
temperature, the properties of the hydrocarbon
feedstock cracked, and the presence of other catalytic
additives that may affect the chemistry and operation
of the regenerator. Thus, since each FCCU is different
in some or all of these respects, the effectiveness of
the process of the invention may be expected to vary
from unit to unit. NOx reduction compositions of the
invention also prevent a significant increase in the
production of coke during the FCC process. [0050] It
is also within the scope of the invention that NOx
reduction compositions of the invention may be used
alone or in combination with one or more additional
NOx reduction component to achieve NOx reduction more
efficiently than the use of either 



of the compositions alone. Preferably, the additional
NOx reduction component is a non-zeolitic material,
that is, a material that contains no or substantially
no (i.e., less than 5 weight percent, preferably less
than 1 weight percent) zeolite. [0051] One such class
of non-zeolitic materials suitable for use in
combination with the NOx reduction compositions of the
invention include noble metal containing NOx reduction
compositions such as disclosed and described in U.S.
Patent 6,660,683 Bl, the entire disclosure of which is
herein incorporated by reference. Compositions inthis
class will typically comprise a particulate mixture of
(1) an acidic metal oxide containing substantially no
zeolite (preferably containing silica and alumina,
most preferably containing at least 1 weight percent
alumina); (2) an alkali metal (at least 0.5 weight
percent, preferably about 1 to about 15 weight
percent), an alkaline earth metal (at least 0.5 weight
percent, preferably about 0.5 to about 50 weight
percent) and mixtures thereof; (3) at least 0.1 weight
percent of an oxygen storage metal oxide component
(preferably ceria); and (4) at least 0.1 ppm of a
noble metal component (preferably Pt, Pd, Rh, Ir, Os,
Ru, Re and mixtures thereof). Preferred compositions
in this class of materials comprise (1) an acidic
oxide containing at least 50 weight percent alumina
and substantially no zeolite; (2) at least 0.5 weight
percent of an alkali metal and/or an alkaline earth
metal or mixtures thereof; (3) about 1 to about 25
weight percent of an oxygen storage capable transition
metal oxide or a rare-earth (preferably, ceria); and
(4) at least 0.1 ppm of a noble metal selected from
the group consisting of Pt, Rh, Ir, and a combination
thereof, all percentages being based on the total
weight of the oxidative catalyst/additive composition.
[0052] Another class of non-zeolitic materials
suitable for use in combination with the NOx reduction
compositions of the invention include a low NO , CO
combustion promoter as disclosed and described in U.S.
Patent Nos. 6,165,933 and 6,358,881, the entire
disclosure of these patents being herein incorporated
by reference. Typically, the low NOc CO combustion
promoter compositions comprise (1) an acidic oxide
support; (2) an alkali metal and/or alkaline earth
metal or mixtures thereof; (3) a transition metal
oxide having oxygen storage capability; and (4)
palladium. The acidic oxide support preferably
contains silica alumina. Ceria is the preferred oxygen
storage oxide. Preferably, the NOx reduction
composition comprises (1) an acidic metal oxide
support containing at least 50 weight percent alumina;
(2) about 1-10 parts by weight, measured as metal
oxide, of at least one alkali metal, alkaline earth
metal or mixtures thereof; (3) at least 1 part by
weight OfCeO ; and (4) about 0.01- 5.0 parts by weight
of Pd, all of said parts by weight of components (2) -
(4) being per 100 parts by weight of said acidic metal
oxide support material. [0053] Yet another class of
non-zeolitic materials suitable for use in combination
with the NOx reduction compositions of the invention
include NOx reduction compositions as disclosed and
described in U.S. Patent Nos. 6,379,536, 6,280,607
Bl,6,143,167 and 6,129,834, the entire disclosure of
these patents being herein incorporated by reference.
In general, the NOx reduction compositions comprise
(1) an acidic oxide support; (2) an alkali metal
and/or alkaline earth metal or mixtures thereof; (3) a
transition metal oxide having oxygen storage
capability; and (4) a transition metal selected from
Groups IB and HB of the Periodic Table. Preferably,
the acidic oxide support contains at least 50 weight
percent alumina and preferably contains silica
alumina. Ceria is the preferred oxygen storage oxide.
In a preferred embodiment of the invention, the NOx
reduction compositions comprise (1) an acidic oxide
support containing at least 50 weight percent alumina;
(2) 1-10 weight percent, measured as the metal oxide,
of an alkali metal, an alkaline earth metal or
mixtures thereof; (3) at least 1 weight percent CeO2;
and (4) 0.01-5.0 parts weight percent of a transition
metal, measured as metal oxide, of Cu or Ag, all parts
by weight of components (2) - (4) being per 100 parts
by weight of said acidic oxide support. [0054] Another
class of non-zeolitic NOx reduction materials suitable
for use in combination with the NOx reduction
compositions of the invention include
magnesium-aluminum spinel based additives heretofore
being useful for the removal of sulfur oxides from a
FCC regenerator. Exemplary patents which disclose and
describe this type of materials include U.S. Patent
Nos. 4,963,520, 4,957,892,. 4,957,718, 4,790,982,
4,471,070, 4,472,532, 4,476,245, 4,728,635, 4,830,840,
4,904,627, 4,428,827, 5,371,055, 4,495,304, 4,642,178,
4,469,589, 4,758,418, 4,522,937, 4,472,267 and
4,495,305 the entire disclosure of said patents being
herein incorporated by reference. Preferably,
compositions in this class comprise at least one
metal-containing spinel which includes a first metal
and a second metal having a valence higher than the
valence of said first metal, at least one component of
a third metal other than said first and second metals
and at least one component of a fourth metal other
than said first, second and third metals, wherein said
third metal is selected from the group consisting of
Group IB metals, Group HB metals, Group VIA metals,
the rare-earth metals, the Platinum Group metals and
mixtures thereof, and said fourth metal is selected
from the group consisting of iron, nickel, titanium,
chromium, manganese, cobalt, germanium, tin, bismuth,
molybdenum, antimony, 



vanadium and mixtures thereof. Preferably, the metal
containing spinel comprises magnesium as said first
metal and aluminum as said second metal, and the
atomic"rato'ormagnesram to-aiuminunrin said spinel is
at least about 0.17. The third metal in the spinel
preferably comprises a metal selected from the group
consisting of the Platinum Group metals, the
rare-earth metals and mixtures thereof. The third
metal component is preferably present in an amount in
the range of about 0.001 to about 20 weight percent,
calculated as elemental third metal, and said fourth
metal component is present in an amount in the range
of about 0.001 to about 10 weight percent, calculated
as elemental fourth metal. [0055] Other non-zeolitic
materials useful in combination with the NOx reduction
additives of the invention include, but are not
limited to, zinc based catalysts such as disclosed and
described in U.S. Patent No. 5,002,654; antimony based
NOx reduction additives such as described and
disclosed in U.S. Patent No. 4,988,432;
perovskitespinel NOx reduction additives such as
described and disclosed in U.S. Patent Nos. 5,364,517
and 5,565,181; hydrotalcite catalyst and additive
compositions such as described and disclosed, for
example, in U.S. Patent Nos. 4,889,615, 4,946,581,
4,952,382, 5,114,691, 5,114,898, 6,479,421 Bl and PCT
International Publication No. WO 95/03876; and low NOx
promoter additive compositions such as described, for
example in U.S. Patent No. 4,290,878; the entire
disclosure of each patent being herein incorporated by
reference. [0056] It is also within the scope of the
invention to use the NOx reduction compositions of the
invention in combination with NOx removal compositions
as disclosed and described in PCT International
Publication Number WO 03/0461 12 Al and PCT
International Publication No. WO 2004/033091 Al, the
entire disclosures of which are herein incorporated by
reference. Such NOx removal composition generally
comprises (i) an acidic oxide support, (ii) cerium
oxide, (iii) a lanthanide oxide other than ceria and
(iv) optionally, at least one oxide of a transition
metal selected from Groups IB and HB of the Periodic
Table, noble metals and mixtures thereof. [0057] When
used, the additional non-zeolitic NOx reduction
compositions are used in an amount sufficient to
provide increased NOx reduction when compared to the
use of the catalyst/additive compositions alone.
Typically, the additional non-zeolitic compositions
are used in an amount up to about 50 weight percent of
the FCC catalyst inventory. Preferably, the
non-zeolitic composition is used in an amount upto
about 30 weight percent, most preferably up to about
10 weight percent of the FCC catalyst inventory. The
additional 'NOx reduction composition may be blended
with the FCC catalyst inventory as a separate particle
additive. Alternatively, the. additional NOx reduction
composition may be incorporated into the FCC catalyst
as an integral component of the catalyst. [0058] It is
also contemplated within the scope of the present ,
invention that catalyst/additive compositions in
accordance with the present invention may be used in
combination with other additives conventionally used
in the FCC process, e.g., SOx reduction additives,
gasoline-sulfur reduction additives, CO combustion
promoters, additives for the production of light
olefins, and the like. [0059] The scope of the
invention is not in any way intended to be limited by
the examples set forth below. The examples, include
the preparation of catalyst/additives useful in the
process of the invention and the evaluation of the
invention process to reduce NOx in a catalytic
cracking environment. The examples are given as
specific illustrations of the claimed invention. It
should be understood, however, that the invention is
not limited to the specific details set forth in the
examples. [0060] All parts and percentages in the
examples, as well as the remainder of the
specification which refers to solid compositions or
concentrations, are by weight unless otherwise
specified. Concentrations of gaseous mixtures are by
volume unless otherwise specified. [0061] Further, any
range of numbers recited in the specification or
claims, such as that representing a particular set of
properties, units of measure, conditions, physical
states or percentages, is intended to literally
incorporate expressly herein by reference or
otherwise, any number falling within such range,
including any subset of numbers within any range so
recited.EXAMPLES EXAMPLE 1 [0062] A composition
containing 40% MCM-49 and 40% clay bound with 20%
silica sol (Additive A) was prepared as follows: An
aqueous slurry containing 25% MCM- 4 9 (Siq 2/Al2 q 3
= 18) was milled in a Drais mill. The milled MCM-49
slurry (488Og) was combined with 120Og Natka clay (dry
basis) and 600Og silica sol binder (10% solids.). The
silica sol binder was prepared from sodium silicate
and acid alum. The catalyst slurry was then spray
dried in a Bowen spray drier. The resulting spray
dried product was washed with ammonium sulfate
solution, followed by water to give a catalyst with a
Na2 q level of less than 0.1 wt%. The properties of
the catalyst are shown in Table 1. 



EXAMPLE 2 [0063] A composition containing 40% beta and
40% clay bound with 20% silica sol (Additive B) was
prepared as follows. An aqueous slurry containing 21%
beta (Si q 2/Al2 q 3 = 28) was milled in a Drais mill.
The milled beta slurry (567Og) was combined with 120Og
Natka clay (dry basis) and 600Og silica sol binder
(10% solids). The silica sol binder was prepared from
sodium silicate and acid alum. The catalyst slurry was
then spray dried in a Bowen spray drier. The resulting
spray dried product was washed with ammonium sulfate
solution, followed by water to give a catalyst with a
Na2<-> level of less than 0.1 wt%. The properties of
the catalyst are shown in Table 1. EXAMPLE 3 [0O64] A
composition containing 40% mordenite and 40% clay
bound with 20% silica sol (Additive C) was prepared as
follows. An aqueous slurry containing 21% Mordenite
(Siq 2/Al2 q 3 = 19) was milled in a Drais mill. The
milled mordenite slurry (3850 g) was combined with
800g Natka clay (dry basis) and 4000g silica sol
binder (10% solids). The silica sol binder was
prepared from sodium silicate and acid alum. The
catalyst slurry was then spray dried in a Bowen spray
drier. The resulting spray dried product was washed
with ammonium sulfate solution, followed by waterto
give a catalyst with a Na2 q level of less than 0.1
wt%. The properties of the catalyst are shown in Table
1. EXAMPLE 4 [0065] A composition containing 40%
Zeolite L and 40% clay bound with 20% silica sol
(Additive D) was prepared as follows. An aqueous
slurry containing 25% Zeolite L (Siq 2/Al2 q 3 = 6)
was milled in a Drais mill. The milled Zeolite L
slurry (5050g) was combined with 120Og Natka clay (dry
basis) and 600Og silica sol binder (10% solids). The
silica sol binder was prepared from sodium silicate
and acid alum. The catalyst slurry was then spray
dried in a Bowen spray drier. The resulting spray
dried product was washed with ammonium sulfate
solution, followed by water to give a catalyst with a
Na2q level of less than 0.1 wt%. The properties of the
catalyst are shown in Table 1. EXAMPLE 5 [0066] A
composition containing 40% MCM-56 and 40% clay bound
with 20% silica sol (Additive E) was prepared as
follows. An aqueous slurry containing 21.8% MCM-56
(Siq2/Al2 q 3 = 19) was milled in a Drais mill. The
milled MCM-56 slurry (5765g) was combined with 120Og
Natka clay (dry basis) and 600Og silica sol binder
(10% solids). The silica sol binder was prepared from
sodium silicate arid acid alum. The catalyst slurry
was then spray dried in a Bowen spray drier. The
resulting spray dried product was washed with ammonium
sulfate solution, followed by water to give a catalyst
with a Na2q level of less than 0.1 wt%. The properties
of the catalyst are shown in Table 1.Table 1
Properties of Additives A through E. Additive A
Additive B Additive C Additive D Additive E TV @ 1750
0F : Wt.% 5.68 3.72 4.76 5.11 5.09 SiO2 : Wl.% 75.9
75.1 76.3 70.5 75.4 AI2O3 : Wt.% 23.0 22.8 22.4 17.0
22.2 RE2O3 : Wt.% 0.02 0.02 0.19 0.01 0.01 Na2O : Wt.%
<0.023 <0.027 <0.020 <0.023 <0.022 Fe Wl.% 0.44 0.44
0.43 0.23 0.42 TiO2 Wt.% 0.96 0.95 1.10 0.52 0.02 K2O
Wt.% 1.681 SA m2/g 244 238 269 258 218 Zeolite : m2/g
182 174 224 196 124 Matrix : m2/g 62 64 45 62
94EXAMPLE 6 [0067] The ability o f Additives A-E to
reduce NO emissions from the FCC unit was evaluated
using the Davison Circulating Riser (DCR). The
description of the DCR has been published in the
following papers: G. W. Young, G. D. Weatherbee, and
S. W. Davey, "Simulating Commercial FCCU yields with
the Davison Circulating Riser (DCR) pilot plant unit,"
National Petroleum Refiners Association (NPRA) Paper
AM88-52; G. W. Young, "Realistic Assessment of FCC
Catalyst Performance in the Laboratory," in Fluid
Catalytic Cracking: Science and Technology, J. S.
Magee and M.M. Mitchell, Jr. Eds., Studies in Surface
Science and Catalysis Volume 76, 257j Elsevier Science
Publishers B.V., Amsterdam 1993, ISBN 0-444-89037-8.
The DCR was started up by charging the unit with
approximately 1800 g of equilibrium catalyst having
properties as shown in Table 2 below. The properties
of the additives tested are summarized in Table 1
above. For the purposes of this test, a commercial FCC
feed was used having the properties as shown in Table
3 below.Table 2 Properties of equilibrium catalyst
used in DCR tests. SiO2 wt.% 50.9 



AI2O3 wt.% 45.5 RE2O3 wt.% 0.37 Na2O wt.% 0.37 Fe wt.%
0.6 TiO2 wt.% 1.2 MgO wt.% 0.319 Ni ppm 681 V ppm 1160
SA m2/g 188 Zeolite m2/g 128 Matrix : m2/g 60Table 3
Properties of feed used in DCR tests API Gravity @60 F
23.2 Sulfur, wt.% 0.023 Total Nitrogen, wt.% 0.13
Basic Nitrogen, wt.% 0.0378 Conradson Carbon, wt.%
0.03 Fe, ppm 0.7 Na, ppm 0.7 K Factor 1 1 4 Simulated
Distillation, vol.%, oF 5 453 2 0 576 4 0 660 6 0 743
8 0 838 FBP 1153[0068] The DCR was operated with 1%
excess O2 in the regenerator, and with the regenerator
operating at 13000F (7050 C). After the unit
stabilized the baseline NO emissions data were
collected using an on-line Lear-Siegler SO2/NO
Analyzer (SM8100A). Subsequently, 100 g of catalyst
were injected into the DCR consisting of 4.725g of a
commercial sample of a Pt-based combustion promoter
(CP(r)-3) which had been deactivated for 20 h at
145O0F (788C) without any added Ni or V using the
Cyclic Propylene Steaming method (CPS) and equilibrium
catalyst. The description of the CPS method has been
published in L. T. Boock, T. F. Petti, and J . A
Rudesill, "Contaminant-Metal Deactivation and
Metal-Dehydrogenation Effects During Cyclic Propylene
Steaming of Fluid Catalytic Cracking Catalysts,"
Deactivation and Testing of Hydrocarbon Processing
Catalysts, ACS Symposium Series 634, p. 171 (1996),
ISBN 0-8412-3411-6. [0069] After the unit stabilized
again, the N O emissions data was collected.
Thereafter, 210 g of the additive to be tested along
with 0.525g of Pt based CO promoter was added to the
DCR. The results are recorded in Table 4 below. [0070]
As shown in that table and the FIGURE, Additives A
through E are effective in reducing NO emissions from
the DCR regenerator. The additives are especially
effective in decreasing NO emissions without
significantly affecting the cracked products yields as
shown below in Table 5.Table 4 Reduction of NO
emissions from the regenerator of the Davison
Circulating Riser (DCR) when using Zeolite based
additives. TOS is time on stream from the time of
adding R CO combustion promoter to the unit Additive
Level TOS Gas Flow NQ NO Reduction (%) (h) (l/h) (nppr
(%) ECAT 888 32 CP-3, CPS .0.25 1 889 156 Additive A
10 4 906 63 60 ECAT 886 49 CP-3, CPS 0.25 1.3 884 148
Additive B 10 4 917 56 62 ECAT 864 27 CP-3, CPS 0.25
1.3 877 124 Additive C 10 4 912 8 1 35 ECAT 887 19
CP-3, CPS 0.25 1.2 877 125 Additive D 10 4 913 97 22
ECAT 878 39 CP-3, CPS 0.25 1.4 872 152 Additive E 10 4
864 109 28Table 5 Activity of the cracking catalyst
inventory and product yields during testing of zeolite
based additives in the DCR. 



Catalyst Name ECAT ECAT w/ ECAT w/ ECAT w/ ECAT w/
ECAT Average 0.25% Pt Prom. 0.25% Pt Prom. 0.25% Pt
Prom. 0.25% Pt Prom. 0.25% Pt Pr of 6 runs 10%
Additive A 10% Additive B 10% Additive C 10% Additive
D 10% Additi Conversion wt% 71.07 69.53 70.92 71.09
71.20 70.38 C/0 RATIO 8.19 7.87 8.08 8.19 7.85 8.11 H2
Yield wt% 0.05 0.05 0.05 0.05 0.05 0.05 C1 + C2's wt%
1.61 1.70 1.79 1.79 1.73 1.63 Total C3 wt% 5.50 6.11
6.48 6.23 5.99 5.84 C3= Wt% 4.74 5.08 5.36 5.09 4.98
5.01 Total C4 wt% 10.03 9.92 10.56 10.47 10.35 10.14
iC4 wt% 3.55 3.65 4.02 3.78 3.80 3.61 Total C4= wt%
5.88 5.59 5.80 5.98 5.80 5.92 iC4=wt% 1.63 1.74 1.80
1.78 1.67 1.77 GASOLINE wt% 50.95 48.80 48.69 49.49
49.93 49.74 LCO wt% 23.84 25.12 23.94 23.64 23.70
24.37 BOTTOMS wt% 5.09 5.35 5.14 . 5.27 5.10 5.25 Coke
wt% 2.93 2.95 3.34 3.07 3.16 2.98WHAT IS CLAIMED IS:
1. A process of reducing NOx emissions from the
regeneration zone during fluid catalytic cracking of a
hydrocarbon feedstock into lower molecular weight
components, said process comprising . a) contacting a
hydrocarbon feedstock during a fluid catalytic
cracking (FCC) process wherein NOx emissions are
released from a regeneration zone of a fluid catalytic
cracking unit (FCCU) operating under FCC conditions
with a circulating inventory of an FCC cracking
catalyst and a particulate NOx reduction
catalyst/additive composition having a mean particle
size of greater . than 4 5 mm and comprising (i) at
least 10 weight percent of a NOx reduction zeolite
component selected from the group consisting. of ZSM-1
1, beta, MCM- 49, rnordenite, MCM-56, Zeolite-L,
zeolite Rho, errion  te, . chabazite, clinoptilolite,
MCM-22, MCM-35, MCM-61, Offretite, A, ZSM-12, ZSM23,
ZSM- 18, ZSM-22, ZSM-57, ZSM-61, ZK-5, NaJ, Nu-87,
CiM, SSZ-35, SSZ- 48, SSZ-44, SSZ-23, Dachiardite,
Merlinoite, Lovdarite, Levyne, Laumontite,
Epistilbite, Gmelonite, Gismondine, Cancrinite,
Brewsterite, Stilbite, Paulingite, Goosecreekite,
Natrolite, omega or mixtures thereof , and (ii) from
about 5 to about 50 weight percent of an inorganic
binder selected from the group consisting of alumina,
silica, silica alumina, alumina phosphate and.
mixtures thereof; and b ) reducing the amount ofNO x
emissions released from the regeneration zone o f the
FCCU by at least 10% as compared to the amount of
ISTOx emissions released in the absence of the
particulate NOx reduction composition. 2. The process
of Claim 1 wherein the FCC cracking catalyst comprises
a Y-type zeolite. 3. The process of Claim 1 wherein
step (b) is accomplished without a substantial change
in the hydrocarbon feedstock conversion or yield of
cracked hydrocarbons as compared to the hydrocarbon
feedstock conversion or yield of cracked hydrocarbons
obtained from the cracking catalyst alone.4. The
process of Claim 1 wherein the amount of the NOx
reduction zeolite component present in the
catalyst/additive composition is at least 30 weight
percent of" the composition. 5. The process of Claim 4
wherein the amount of the NOx reduction zeolite
component present in the catalyst/additive composition
is at least 40 weight percent of the composition. 6.
The process of Claim 5 wherein the amount of the NOx
reduction zeolite component present in the
catalyst/additive composition is at least 50 weight
percent of the composition. 7. The process of Claim 1
wherein the amount of the NOx reduction zeolite
component present in the catalyst/additive composition
ranges from about 10 to about 85 weight percent of the
composition. 8. The process of Claim 7 wherein the
amount of the NOx reduction zeolite component present
in the catalyst/additive composition ranges from about
30 to about 80 weight percent of the composition. 9.
The process of Claim 8 wherein the amount of the NOx
reduction zeolite component present in the
catalyst/additive composition ranges from about 40 to
about 75 weight percent of the composition. 10. The
process of Claim 1 or 3 wherein the NOx reduction
zeolite component is exchanged with a cation selected
from the group consisting of hydrogen, ammonium,
alkali metal and combinations thereof. 11. The process
of Claim 1 wherein the NOx reduction zeolite component
further comprises at least one stabilizing metal.12.
The process of Claim 11 wherein the stabilizing metal
is a metal selected from 



the group consisting of Groups 2A5 3B, 4B, 5B, 6B, 7B5
8B, 2B5 3A5 4A, 5A, the Lanthanide Series of The
Periodic Table, Ag and mixtures thereof. 13. The
process of Claim 12 wherein the stabilizing metal is
selected from the group consisting of Groups 3B5 2A,
2B5 3A and the Lanthanide Series of the Periodic
Table, and mixtures thereof. 14. The process of Claim
13 wherein the stabilizing metal is selected from the
group consisting of lanthanum, aluminum, magnesium and
zinc, and mixtures thereof. 15. The process of Claim
11 wherein the stabilizing metal is incorporated into
the pores of the NOx reduction zeolite component. 16.
The process of Claim 1 wherein the inorganic binder is
selected from the group consisting of silica, alumina,
silica alumina and mixtures thereof. 17. The process
of Claim 16 wherein the inorganic binder is alumina.
18. The process of Claim 17 wherein the alumina is an
acid or base peptized alumina. 19. The process of
Claim 17 wherein the alumina is aluminum chlorohydrol.
20. The process of Claim 1 wherein the amount of
inorganic binder present in the particulate
catalyst/additive composition ranges from about 10 to
about 3 0 weight percent of the composition. 21. The
process of Claim 20 wherein the amount of inorganic
binder present in the particulate catalyst/additive
composition ranges from about 15. to about 2 5 weight
percent of the composition.22. The process of Claim 1
wherein the NOx reduction zeolite component has a SiO2
to Al2O3 molar ratio of less than 500. 23. The process
of Claim 1 wherein the NOx reduction zeolite component
is a zeolite selected from the group consisting of
beta, MCM-49, mordenite, MCM-56, Zeolite-L, zeolite
Rho, errionite, chabazite, clinoptilolite, MCM-22,
Offretite, A, ZSM-12, ZSM-23, omega and mixtures
thereof. 24. The process of Claim 1 wherein the
particulate catalyst/additive composition further
comprises an additional zeolite other than the NOx
reduction zeolite. 25. The process of claim 24 wherein
the additional zeolite is selected from the group
consisting of ferrierite, ZSM-5, ZSM-35 and mixtures
thereof. 26. The process of Claim 24 or 25 wherein the
additional zeolite is present in an amount ranging
from about 1 to about 80 weight percent of the
composition. 27. The process of Claim 26 wherein the
additional zeolite is present in an amount ranging
from about 10 to about 70 weight percent of the
composition. 28. The process of Claim 1 or 3 wherein
the catalyst/additive composition further comprises a
matrix material selected from the group consisting of
alumina, silica, silica alumina, titania, zirconia,
yttria, lanthana, ceria, neodymia, samaria, europia,
gadolinia, praseodymia, and mixtures thereof. 29. The
process of Claim 28 wherein the matrix material is
present in an amount less than 70 weight percent. 30.
The process of Claim 1 or 3 further comprising
recovering the cracking catalyst from said contacting
step and treating the used catalyst in a regeneration
zone to regenerate said catalyst.31. The process of
Claim 30 wherein the cracking catalyst and the
particulate catalyst/additive composition are
fluidized during contacting said hydrocarbon
feedstock. 32. The process of Claim 1 or 3 further
comprising contacting the hydrocarbon feed with at
least one additional NOx reduction composition. 33.
The process of Claim 32 wherein the additional NOx
reduction composition is a non-zeolitic composition.
34. The process of Claim 33 wherein the additional NOx
reduction composition comprises (1) an acidic metal
oxide containing substantially no zeolite; (2) a metal
component, measured as the oxide, selected from the
group consisting of an alkali metal, an alkaline earth
metal and mixtures thereof; (3) an oxygen storage
metal oxide component; and (4) at least one noble
metal component. 35. The process of Claim 32 wherein
the additional NOx reduction composition is a low NOx
CO combustion promoter composition which comprises (1)
an acidic oxide support; (2) an alkali metal and/r
alkaline earth metal or mixtures thereof; (3) a
transition metal oxide having oxygen storage
capability; and (4) palladium. 36. The process of
Claim 32 wherein the additional NOx reduction
composition comprises (1) an acidic oxide support; (2)
an alkali metal and/or alkaline earth metal or
mixtures thereof; (3) a transition metal oxide having
oxygen storage capability; and (4) a transition metal
selected from Groups IB and HB of the Periodic Table,
and mixtures thereof.37. The process of Claim 32
wherein the additional NOx reduction composition
comprises at least one metal-containing spinel which
includes a first metal and a second metal having a
valence higher than the valence of said first metal,
at 



least one component of a third metal other than said
first and second metals . and at least one component
of a fourth metal other than said first, second and
third metals, wherein said third metal is selected
from the group consisting of Group IB metals, Group HB
metals, Group VIA metals, the rare-earth metals, the
Platinum. Group metals and mixtures thereof, and said
fourth metal is selected from the group consisting of
iron, nickel, titanium, chromium, manganese, cobalt,
germanium, tin, bismuth, molybdenum, antimony,
vanadium and mixtures thereof. 38. The process of
Claim 37 wherein the metal containing spinel comprises
magnesium as said first metal and aluminum as said
second metal. 39. The process of Claim 37 wherein the
third metal component in the metal containing spinel
is selected from the group consisting of a Platinum
Group metal, the rare-earth metals and mixtures
thereof. 40. The process of Claim 37 wherein the third
metal component is present in an amount in the range
of about 0.001 to about 2 0 weight percent, calculated
as elemental third metal. 41. The process of Claim 37
wherein said fourth metal component is present in an
amount in the range of about 0.001 to about 1 0 weight
percent, calculated as elemental fourth metal. 42. The
process of Claim 32 wherein the additional NOx
reduction additive is a zinc based catalyst.43. The
process of Claim 32 wherein the additional NfO x
reduction additive is an antimony based NOx reduction
additive. . 44. The process of Claim 32 wherein the
additional IMOx reduction additive is a
perovskite-spinel NOx reduction additive. 45. The
process of Claim 32 wherein the additional IvTOx
reduction additive s a hydrotalcite containing
composition. 46. The process of Claim 32 wherein the
additional INO x reduction composition comprises (i)
an acidic metal oxide, (ii) cerium ox:ide, (iii) a
lanthanide oxide other than ceria, and (iv)
optionally, at least one oxide of a transition metal
selected from Groups IB and HB of the Periodic Table,
noble metals and mixtures thereof. . 47. The process
of Claim 1 wherein the particulate N reduction
composition has a mean particle size from about 50 to
about 200 min. 48. The process of Claim 47 wherein the
particulate ISTOx reduction composition has a mean
particle size from about 55 to about 15O mm. 49. The
process of Claim 1 or 3 wherein the particulate NOx
reduction composition has a Davison attrition index
(DI) value of less than 50. 50. The process of Claim
49 wherein the particulate ISTOx reduction composition
has a DI value of less than 20. 51. The process of
Claim 50 wherein the particulate 3STOx reduction
composition has a DI value of less than 15.52. . The
process of Claim 2 wherein the amount of the
catalyst/additive composition in the catalyst
inventory is that amount sufficient to provide a ratio
of NO reduction zeolite component to Y-fype zeolite in
the total catalyst . inventory of less than 2. 53. The
process of Claim 52 wherein the ratio OfNOx reduction
zeolite component to Y-type zeolite in the total
catalyst inventory is less than 1. 54. The process of
Claim 2 wherein step (b) is accomplished without a
substantial change in the hydrocarbon feedstock
conversion or yield of cracked hydrocarbons as
compared to the hydrocarbon feedstock conversion or
yield of cracked hydrocarbons obtained from the
cracking catalyst alone. 55. A fluid cracking catalyst
(FCC) composition, which composition comprises (a) a
FCC cracking component suitable for catalyzing the
cracking of hydrocarbons under FCC conditions, and (b)
a particulate NOx reduction catalyst/additive
composition having a mean particle size o f greater
than 45 mm and comprising (i) at least 10 weight
percent Of NOx reduction zeolite component selected
from the group consisting of ZSM-Il , beta, MCM-49,
mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite,
chabazite, clinoptilolite, MCM-22, MCM-35, MCM-61,
Offretite, A, ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-57,
ZSM-61, ZK-5, NaJ, Nu-87, Cit-1, SSZ-35, SSZ- 48,
SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite,
Levyne, Laumontite, Epistilbite, Gmelonite,
Gismondine, Cancrinite, Brewsterite, Stilbite,
Paulingite, Goosecreekite, Natrolite, omega or
mixtures thereof, and (ii) about 5 to about 50 weight
percent of an inorganic binder selected from the group
consisting of alumina, silica, silica alumina, alumina
phosphate, and mixtures thereof. 56. The catalyst of
Claim 55 wherein the FCC cracking component contains a
Ytype zeolite.57. The catalyst of Claim 56 wherein the
catalyst/additive composition is present 



. in the total catalyst inventory in an amount
sufficient to provide a ratio of NOx reduction zeolite
component to Y-type zeolite of less than 2. 58. The
catalyst of Claim 55 wherein the amount of NOx
reduction .zeolite component present in the
catalyst/additive composition is at least 30 weight
percent of the composition. 59. The catalyst of Claim
58 wherein the amount of NOx reduction zeolite
component present in the catalyst/additive composition
is at least 40 weight percent of the composition. 60.
The catalyst of Claim 59 wherein the amount of NOx
reduction zeolite component present in the
catalyst/additive composition is at least 50 weight
percent of the composition. 61. The catalyst of Claim
55 wherein the amount of NOx reduction zeolite
component present in the catalyst/additive composition
ranges from about 10 to about 85 weight percent of the
composition. 62. The catalyst of Claim 6 1 wherein the
amount of NOx reduction zeolite component present in
the catalyst/additive composition ranges from about 30
to about 80 weight percent of the composition. 63. The
catalyst of Claim 62 wherein the amount of NOx
reduction zeolite component present in the
catalyst/additive composition ranges from aboirt 40 to
about 75 weight percent of the composition. 64. The
catalyst of Claim 55 wherein the NOx reduction zeolite
component is exchanged with a cation selected from the
group consisting of hydrogen, ammonium, alkali metal
and combinations thereof.65. The catalyst of Claim 55
wherein the NOx reduction zeolite component further
comprises at least one stabilizing metal. 66. The
catalyst of Claim 65 wherein the stabilizing metal is
a metal selected from the group consisting of Groups
2A, 3B, 4B5 5B, 6B, 7B, 8B, 2B, 3 ,-4A, 5A5 the
Lanthanide Series of The Periodic Table, Ag and
mixtures thereof. 67. The catalyst of Claim 66 wherein
the stabilizing metal is selected from the group
consisting of Groups 3B, 2A, 2B, 3A and the Lanthanide
Series of the Periodic Table, and mixtures thereof.
68. The catalyst of Claim 67 wherein the stabilizing
metal is selected from the group consisting of
lanthanum, aluminum, magnesium and zinc, and mixtures
thereof. 69. The catalyst of Claim 65 wherein the
stabilizing metal is incorporated into the pores of
the NOx reduction zeolite component. 70. The catalyst
of Claim 55 wherein the inorganic binder in the
particulate catalyst/additive composition is selected
from the group consisting of silica, alumina, silica
alumina and mixtures thereof. 71. The catalyst of
Claim 70 wherein the inorganic binder is alumina. 72.
The catalyst of Claim 7 1 wherein the inorganic binder
is an aluminum chlorohydrol. 73. The catalyst of Claim
7 1 wherein the alumina is an acid or base peptized
alumina.74. The catalyst of Claim 55 wherein the
amount of inorganic binder present in the particulate
catalyst/additive composition ranges from about 10 to
about 30 weight percent of the composition. 75. The
catalyst of Claim 74 wherein the amount of inorganic
binder present in the particulate catalyst/additive
composition ranges from about 15 to about 25 weight
percent of the composition. 76. The catalyst of Claim
55 wherein the NOx reduction zeolite component is
selected from the group consisting of beta, MCM-49,
mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite,
chabazite, clinoptilolite, MCM-22, Offretite,
A5ZSM-12, ZSM-23, omega and mixtures thereof. 77. The
catalyst of Claim 55 wherein the NOx reduction zeolite
component has a SiO to AI2O3 molar ratio of less than
500. 78. The catalyst of Claim 55 wherein the
particulate catalyst/additive composition further
comprises a zeolite other than the NOx reduction
zeolite component . 79. The catalyst of Claim 78
wherein the other zeolite is a zeolite selected from
the group consisting of ferrierite, ZSM-5, ZSM-35 and
mixtures thereof. 80. The catalyst of Claim 78 wherein
the other zeolite is present in an amount ranging from
about 1to about 80 weight percent of the composition.
81. The catalyst of Claim 80 wherein the other zeolite
is present in an amount ranging from about 10 to about
70 weight percent of the composition. 82. The catalyst
of Claim 55 wherein the composition further comprises
a matrix material selected from the group consisting
of alumina, silica, silica alumina, titania, zirconia,
yttria, lanthana, ceria, neodymia, samaria, europia,
gadolinia, praseodymia and mixtures thereof.83. The
catalyst of Claim 82 wherein the matrix material is
present in an amount less than 70 weight percent. 



84. The catalyst of Claim 55 further comprising at
least one additional NOx reduction composition. 85.
The catalyst of Claim 84 wherein the additional NOx
reduction composition is a non-ze litic composition.
86. The catalyst of Claim 85 wherein the additional
NOx reduction composition comprises (a) an acidic
metal oxide containing substantially no zeolite; (b) a
metal component, measured as the oxide, selected from
the group consisting of an alkali metal, an alkaline
earth metal and mixtures thereof; (c) an oxygen
storage metal oxide component; and, (d) at least one
noble metal component. 87. The catalyst of Claim 84
wherein the additional NOx reduction composition
comprises (a) an acidic metal oxide support; (b) an
alkali metal, alkaline earth metal or mixtures
thereof; (c) a transition metal oxide having oxygen
storage capability; and, (d) a transition metal
selected from Groups IB and HB of the Periodic Table,
and mixtures thereof. 88. The catalyst of Claim 84
wherein the additional NOx reduction composition is a
low NOx CO combustion promoter composition which
comprises (a) an acidic oxide support; (b) an alkali
metal, an alkaline earth metal or mixtures thereof;
(c) a transition metal oxide having oxygen storage
capability; and (d) palladium.89. The catalyst of
Claim 84 wherein the additional NOx reduction
composition comprises at least one metal-containing
spinel which includes a first metal and a second metal
having a valence higher than the valence of said first
metal, at least one component of a third metal other
than said first and second metals and at least one
component of a fourth metal other than said fi rst,
second and third metals, wherein said third metal is
selected from the group consisting of Group IB metals,
Group HB metals, Group VIA metals, the rare-earth
metals, the Platinum Group metals and mixtures
thereof, and said fourth metal is selected from the
group consisting of iron, nickel, titanium, chromium,
manganese, cobalt, germanium, tin, bismuth,
molybdenum, antimony, vanadium and mixtures thereof.
90. The catalyst of Claim 89 wherein the metal
containing spinel comprises magnesium as said first
metal and aluminum as said second metal. 91. The
catalyst of Claim 89 wherein the third metal component
in the metal containing spinel is selected from the
group consisting of a Platinum Group metal, the
rare-earth metals and mixtures thereof. 92. The
catalyst of Claim 89 wherein the third metal component
is present in an amount in the range of about 0.001 to
about 20 weight percent, calculated as elemental third
metal. 93. The catalyst of Claim 89 wherein said
fourth metal component is present in an amount in the
range of about 0.001 to about 10 weight percent,
calculated as elemental fourth metal. 94. The catalyst
of Claim 84 wherein the additional NOx reduction
additive is a zinc based catalyst. 95. The catalyst of
Claim 84 wherein the additional NOx reduction additive
is an antimony based NOx reduction additive.96. The
catalyst of Claim 84 wherein the additional NOx
reduction additive is a perovskite-spinel NOx
reduction additive. 97. The catalyst of Claim 84
wherein the additional NOx reduction additive is a
hydrotalcite containing composition. 98. The catalyst
of Claim 55 wherein the particulate catalyst/additive
composition has a mean particle size from about 50 to
about 200 mm. 99. The catalyst of Claim 98 wherein the
particulate catalyst/additive composition has a mean
particle size from about 55 to about 150 mm. 100. The
catalyst of Claim 55 wherein the particulate
catalyst/additive composition has a Davison attrition
index (DI) value of less than 50. 101. The catalyst of
Claim 100 wherein the particulate catalyst/additive
composition has a DI value of less than 20. 102. The
catalyst of Claim 101 wherein the particulate
catalyst/additive composition has a DI value of less
than 15. 103. The catalyst of Claim 84 wherein the
additional NOx reduction composition comprises (i) an
acidic metal oxide, (ii) cerium oxide, (iii) a
lanthanide oxide other than ceria, and (iv)
optionally, at least one oxide of a transition metal
selected from Groups IB and HB of the Periodic Table,
noble metals and mixtures thereof. 104. The catalyst
of Claim 57 wherein the ratio of NOx reduction zeolite
component to Y-type zeolite in the total catalyst
inventory is less than 1.105. A method of reducing NOx
emissions from the regeneration zone during fluid
catalytic cracking of a hydrocarbon feedstock into
lower' molecular weight components, said method
comprising contacting a hydrocarbon feedstock with a
cracking catalyst at elevated temperature whereby
lower molecular weight 



hydrocarbon components are formed, said cracking
catalyst comprising the composition of Claim 55, 56 or
57. 106. The method of Claim 105 further comprising
recovering the cracking catalyst from said contacting
step and treating the used catalyst in a regeneration
zone to regenerate said catalyst. 107. The method of
Claim 106 wherein the cracking catalyst is fluidized
during contacting said hydrocarbon feedstock. 108. The
method of Claim 105 wherein the reduction of NOx
emissions is accomplished without a substantial change
in the hydrocarbon feedstock conversion or yield of
cracked hydrocarbons as compared to the hydrocarbon
feedstock conversion or yield of cracked hydrocarbons
obtained from the cracking catalyst alone. 109. A
fluid cracking catalyst comprising (a) a cracking
component suitable for catalyzing the cracking of
hydrocarbons and (b) at least 0.1 weight percent of a
NOx reduction zeolite selected from the group
consisting ZSM-Il, beta, MCM-49, mordenite, MCM-56,
Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite, A,
ZSM-12, ZSM-23, ZSM-1 8, ZSM-22, ZSM-57, ZSM-61, ZK-5,
NaJ, Nu-87, Cit-1, SSZ-35, SSZ- 48, SSZ-44, SSZ-23,
Dachiardite, Merlinoite, Lovdarite, Levyne,
Laumontite, Epistilbite, Gmelonite, Gismondine,
Cancrinite:, Brewsterite, . Stilbite, Paulingite,
Goosecreekite, Natrolite, omega or mixtures
thereof.110. The cracking catalyst of Claim 109
wherein said catalyst comprises integral particles
which contain both components (a) and (b). 111. The
cracking catalyst of Claim 109 wherein component (b)
comprises from about 0.1 to about 60 wt % of the
cracking catalyst. 112. The cracking catalyst of Claim
111 wherein component (b) comprises from about 1 to
about 40 wt % of the cracking catalyst. 113. The
catalyst of Claim 109 further comprising at least one
additional NOx reduction composition. 114. The
catalyst of Claim 113 wherein the additional NOx
reduction composition is a non-zeolitic composition.
115. The catalyst of Claim 114 wherein the additional
NOx reduction composition comprises (a) an acidic
metal oxide containing substantially no zeolite; (b) a
metal component, measured as the oxide, selected from
the group consisting of an alkali metal, an alkaline
earth metal and mixtures thereof; (c) an oxygen
storage metal oxide component; and (d) at least one
noble metal component. 116. The catalyst of Claim 113
wherein the additional NOx reduction composition
comprises (a) an acidic metal oxide support; (b) an
alkali metal, alkaline earth metal or mixtures
thereof; (c) a transition metal oxide having oxygen
storage capability; and, (d) a transition metal
selected from Groups IB and HB of the Periodic Table,
and mixtures thereof. 117. The catalyst of Claim 113
wherein the additional NOx reduction composition is a
low NOx CO combustion promoter composition which
comprises (a) an acidic oxide support; (b) an alkali
metal, an alkaline earth metal or mixtures thereof;
(c) a transition metal oxide having oxygen storage
capability; and (d) palladium.1 18. The catalyst of
Claim 113 wherein the additional NOx reduction
composition comprises at least one metal^containing
spinel which includes a first metal and a second metal
having a valence higher than the valence of said first
metal, at least one component of a third metal other
than said first and second metals and at least one
component of a fourth metal other than said first,
second and third metals, wherein said third metal is
selected from the group consisting of Group IB metals,
Group IIB metals, Group VIA metals, the rare-earth
metals, the Platinum Group metals and mixtures
thereof, and said fourth metal is selected from the
group consisting of iron, nickel, titanium, chromium,
manganese, cobalt, germanium, tin, bismuth,
molybdenum, antimony, vanadium and mixtures thereof.
119. The catalyst of Claim 118 wherein the metal
containing spinel comprises magnesium as said first
metal and aluminum as said second metal. 120. The
catalyst of Claim 118 wherein the third metal
component in the metal containing spinel is selected
from the group consisting of a Platinum Group metal,
the rare-earth metals and mixtures thereof. 121. The
catalyst of Claim 118 wherein the third metal
component is present in an amount in the range of
about 0.001 to about 20 weight percent, calculated as
elemental third metal. 122. The catalyst of Claim 118
wherein said fourth metal component is present in an
amount in the range of about 0.001 to about 10 weight
percent, calculated as elemental fourth metal. 123.
The catalyst of Claim 113 wherein the additional NOx
reduction additive is a 



zinc based catalyst. 124. The catalyst of Claim 113
wherein the additional NOx reduction additive is an
antimony based NOx reduction additive.125. The
catalyst of Claim 113 wherein the additional NOx
reduction additive is a perovskite-spinel NOx
reduction additive. 126. The catalyst of Claim 113
wherein the additional NOx reduction additive is a
hydrotalcite containing composition. 127. The cracking
catalyst of Claim 109 wherein component (a) comprises
a Ytype zeolite and component (b) is present in an
amount sufficient to provide a ratio of NOx reduction
zeolite to Y-type zeolite of less than 2 in the total
catalyst. 128. The cracking catalyst of Claim 127
wherein component (b) is present in an amount
sufficient to provide a ratio OfNO x reduction zeolite
to Y-type zeolite of less than 1 in the total
catalyst. 129. The cracking catalyst of Claim 109
wherein component (b) further comprises at least one
stabilizing metal. 130. The cracking catalyst of Claim
129 wherein the stabilizing metal is a metal selected
from the group consisting of Groups 2A5 3B, 4B, 5B,
6B, 7B, 8B, 2B, 3A, 4A, 5A, the Lanthanide Series of
The Periodic Table, Ag and mixtures thereof. 131. The
cracking catalyst of Claim 130 wherein the stabilizing
metal is selected from the group consisting of Groups
3B, 2A, 2B, 3A and the Lanthanide Series of the
Periodic Table, and mixtures thereof. 132. The
cracking catalyst of Claim 131 wherein the stabilizing
metal is selected from the group consisting of
lanthanum, aluminum, magnesium and zinc, and mixtures
thereof.133. The cracking catalyst of Claim 129
wherein the stabilizing metal is incorporated into the
pores of component (b). 134. The cracking catalyst of
Claim 113 wherein the additional NOx reduction
composition comprises (i) an acidic metal oxide, (ii)
cerium oxide, ,(iii) a lanthanide oxide other than
ceria, and (iv) optionally, at least one oxide of a
transition metal selected from Groups IB and IIB of
the Periodic Table, noble metals and mixtures thereof.
135. The cracking catalyst of Claim 109 wherein the
NOx reduction zeolite is selected from the group
consisting of beta, MCM-49, mordenite, MCM-56,
Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM-22, Offretite, A , ZSM-12, ZSM-23,
omega and mixtures thereof. 136. The cracking catalyst
of Claim 109 wherein the NOx reduction zeolite has a
SiO to Al2q 3 molar ratio of less than 500. 137. The
cracking catalyst of Claim 109 further comprising a
zeolite other than the N Ox reduction zeolite. 138.
The cracking catalyst of Claim 137 wherein the other
zeolite is selected. from the group consisting of
ferrierite, ZSM-5, ZSM-35 and mixtures thereof. 139.
The cracking catalyst of Claim 137 or 138 wherein the
other zeolite is present in an amount ranging from
about 1 to about 80 weight percent of the composition.
140. The cracking catalyst of Claim 139 wherein the
other zeolite is present in an amount ranging from
about 10 to about 70 weight percent of the
composition.141. The cracking catalyst of Claim 109
wherein the NOx reduction zeolite is exchanged with a
cation selected from the group consisting of hydrogen,
ammonium, alkali metal and combinations thereof. 142.
A method of reducing NOx emissions from the
regeneration zone during fluid catalytic cracking of a
hydrocarbon feedstock into lower molecular weight
components, said method comprising (a) contacting a
hydrocarbon feedstock during a fluid catalytic
cracking (FCC) process wherein NOx emissions are
released from a regeneration zone of the FCCU
operating under FCC conditions with the FCC cracking
catalyst composition of Claim 109; and (b) reducing
the amount OfNOx emissions released from the
regeneration zone of the FCCU by at least 10 percent
as compared to the amount OfNO x emissions released
in,the absence of the NOx reduction composition. 143.
The method of Claim 142 wherein step (b) is
accomplished without a substantial change in the
hydrocarbon feedstock conversion or yield of cracked
hydrocarbons obtained during the FCC process as
compared to the hydrocarbon feedstock conversion or
yield. of cracked hydrocarbons obtained from the
cracking catalyst alone. 144. The method of Claim 142
or 143 wherein the amount OfNOx reduction zeolite
present in the cracking catalyst composition comprises
at least about 0.1 wt % of the cracking catalyst
composition. 145. The method of Claim 142 or 143
wherein the amount OfNOx reduction zeolite present in
the cracking catalyst composition ranges from about
0.1 to about 60 



wt % of the cracking catalyst composition. 146. The
method of Claim 145 wherein the amount of NOx
reduction zeolite present in the cracking catalyst
composition ranges from about 1 to about 40 wt % of
the cracking catalyst composition.147. The method of
Claim 142 or 143 wherein the NOx reduction zeolite is
. exchanged with a cation selected from the group
consisting of hydrogen, ammonium, alkali metal and
combinations thereof. 148. The method of Claim 142 or
143 wherein the NOx reduction zeolite farther
comprises at least one stabilizing metal. 149. The
method of Claim 148 wherein the stabilizing metal is a
metal selected from the group consisting of Groups 2A,
3B, 4B, 5B, 6B, 7B, 8B 5 2B, 3A, 4A, 5A5the Lanthanide
Series of The Periodic Table, Ag and mixtures thereof.
150. The method of Claim 149 wherein the stabilizing
metal is selected fromf'the group consisting of Groups
3B, 2A, 2B, 3A and the Lanthanide Series of the
Periodic Table, and mixtures thereof. 151. The method
of Claim 150 wherein the stabilizing metal is selected
from the group consisting of lanthanum, aluminum,
magnesium and zinc, and mixtures thereof. 152. The
method of Claim 148 wherein the stabilizing metal is
incorporated into the pores of the NOx reduction
zeolite. 153. The method of Claim 142 or 143 further
comprising recovering the cracking catalyst and
treating the used catalyst in a regeneration zone to
regenerate said catalyst. 154. The method of Claim 142
or 143 wherein the cracking catalyst is fluidized
during contacting said hydrocarbon feedstock. 155. The
method of Claim 142 further comprising contacting the
hydrocarbon feed with at least one additional NOx
reduction additive composition.156. The method of
Claim 155 wherein the additional NOx reduction
additive composition is a non-zeolitic composition.
157. . The method of Claim 156 wherein the additional
NOx reduction additive composition comprises (a) an
acidic metal oxide containing substantially no
zeolite; (b) a metal component, measured as the oxide,
selected from the group consisting of an alkali metal,
an alkaline earth metal and mixtures thereof; (c) an
oxygen storage metal oxide component; and (d) at least
one noble metal component. 158. The method of Claim
155 wherein the NOx reduction additive composition is
a low NOx CO combustion promoter composition which
comprises (a) an acidic oxide support; (b) an alkali
metal and/or alkaline earth metal or mixtures thereof;
(c) a transition metal oxide having oxygen storage
capability; and (d) palladium. 159. The method of
Claim 155 wherein the additional NOx reduction
additive composition comprises at least one
metal-containing spinel which includes a first metal
and a second metal having a valence higher than the
valence of said first metal, at least one component of
a third metal other than said first and second metals
and at least one component of a fourth metal other
than said first, second and third metals, wherein said
third metal is selected from the group consisting of
Group IB metals, Group IIB metals, Group VIA metals,
the rare-earth metals, the Platinum Group metals, and
mixtures thereof, and said fourth metal is selected
from the group consisting of iron, nickel, titanium,
chromium, manganese, cobalt, germanium, tin, bismuth,
molybdenum, antimony, vanadium and mixtures thereof.
160. The method of Claim 159 wherein the
metal-containing spinel comprises magnesium as said
first metal and aluminum as said second metal.161. The
method of Claim 159 wherein the third metal component
in the metalcontaining spinel is selected from the
group consisting of a Platinum Group metal, the
rare-earth metals and mixtures thereof. 162. The
method of Claim 159 wherein the third metal component
is present in an amount in the range of about 0.001 to
about 20 weight percent, calculated as elemental third
metal. 163. The method of Claim 159 wherein said
fourth metal.component is present in an amount in the
range of about 0.001 to about 10 weight percent,
calculated as elemental fourth metal. 164. The method
of Claim 155 wherein the additional NOx reduction
additive composition comprises (a) an acidic oxide
support; (b) an alkali metal, alkaline earth metal or
mixtures thereof; (c) a transition metal oxide having
oxygen storage capability; and (d) a transition metal
selected from the Groups IB and IIB of the Periodic
Table. 165. The method of Claim 155 wherein the
additional NOx reduction additive composition is a
zinc based catalyst. 166. The method of Claim 155
wherein the additional NOx reduction additive 



composition is an antimony based NOx reduction
additive. 167. The method of Claim 155 wherein the
additional NOx reduction additive composition is a
perovskite-spinel NOx reduction additive. 168. The
method of Claim 155 wherein the additional NOx
reduction additive composition is a hydrotalcite
containing composition.169. The method of Claim 155
wherein the additional NO reduction composition
comprises (i) an acidic metal oxide, (ii) cerium
oxide, (iii) a lanthanide oxide other than ceria, and
(iv) optionally, at least one oxide of a transition
metal selected from Groups IB and HB of the Periodic
Table, noble metals and mixtures thereof. 170. The
method of Claim 142 wherein the cracking catalyst
composition comprises an additional zeolite selected
from the group consisting of ferrierite, ZSM-5, ZSM-35
and mixtures thereof. 171. The method of Claim 170
wherein the additional zeolite is present in an amount
ranging from about 1 to about 80 weight percent of the
cracking catalyst composition. 172. The method of
Claim 171 wherein the additional zeolite is present in
an amount ranging from about 10 to about 70 weight
percent of the cracking catalyst composition. 173. The
method of Claim 142 wherein the cracking catalyst
composition comprises a Y-type zeolite as component
(a) and component (b) is present in an amount
sufficient to provide a ratio of NOx reduction zeolite
to Y-type zeolite of less than 2 in the total catalyst
composition. 174. The method of Claim 173 wherein
component (b) is present in an amount sufficient to
provide a ratio OfNOx reduction zeolite to Y-type
zeolite of less than 1 in the total catalyst
composition. 175. The method of Claim 142 wherein the
NOx reduction zeolite in the cracking catalyst
composition has a silica to alumina molar ratio of
less than 500. 176. The method of Claim 105 further
comprising contacting the hydrocarbon feed with at
least one additional. NOx reduction additive
composition.177. The method of Claim 176 'wherein the
additional NOx reduction additive composition is a
non-zeolitic composition. 178. The method of Claim 177
wherein the additional NOx reduction additive
composition comprises (a) an acidic metal oxide
containing substantially 'no zeolite; (b) a metal
component, measured as the oxide, selected from the
group consisting of an alkali metal, an alkaline earth
metal and mixtures thereof; (c) an oxygen storage
metal oxide component; and (d) at least one noble
metal component. 179. The method of Claim 176 wherein
the NOx reduction additive composition is a low NOx CO
combustion promoter composition which comprises (a) an
acidic oxide support; (b) an alkali metal and/or
alkaline earth metal or mixtures thereof; (c) a
transition metal oxide having oxygen storage
capability; and (d) palladium. 180. The method of
Claim 176 wherein the additional NOx reduction
additive composition comprises at least one
metal-containing spinel which includes a first metal
and a second metal having a valence higher than the
valence of said first metal, at least one component of
a third metal other than said first and second metals
and at least one component of a fourth metal other
than said first, second and third metals, wherein said
third metal is selected from the group consisting of
Group IB metals, Group HB metals, Group VIA metals,
the rare-earth metals, the Platinum Group metals, and
mixtures thereof, and said fourth metal is selected
from the group consisting of iron, nickel, titanium,
chromium, manganese, cobalt, germanium, tin, bismuth,
molybdenum, antimony, vanadium and mixtures thereof.
181. The method of Claim 180 wherein the
metal-containing spinel comprises magnesium as said
first metal and aluminum as said second metal.182. The
method of Claim 180 wherein the third metal component
in the metalcontaining spinel is selected from the
group consisting of a Platinum Group metal, the
rare-earth metals and mixtures thereof. . 183. The
method of Claim 180 wherein the third metal component
is present in an amount in the range of about 0.001 to
about 20 weight percent, calculated as elemental third
metal. 184. The method of Claim 180 wherein said
fourth metal component is present in an amount in the
range of about 0.001 to about 10 weight percent,
calculated as elemental fourth metal. 185. The method
of Claim 176 wherein the additional NOx reduction
additive composition comprises (a) an acidic oxide
support; (b) an alkali metal, alkaline earth metal or
mixtures thereof; (c) a transition metal oxide having
oxygen storage capability; and (d) a transition metal
selected from the Groups IB and IIB of the Periodic
Table. 



186. The method of Claim 176 wherein the additional
NOx reduction additive composition is a zinc based
catalyst. 187. The method of Claim 176 wherein the
additional NOx reduction additive composition is an
antimony based NOx reduction additive. 188. The method
of Claim 176 wherein the additional NOx reduction
additive composition is a perovskite-spinel NOx
reduction additive. 189. The method of Claim 176
wherein the additional NOx reduction additive
composition is a hydrotalcite containing
composition.The method of Claim 176 wherein the
additional NOx reduction composition comprises (i) an
acidic metal oxide, (ii) cerium oxide, (iii) a
lanthanide oxide other than ceria, and (iv)
optionally, at least one oxide of a transition metal
selected from Groups IB and HB of the Periodic Table,
noble metals and mixtures thereof. 


