
;}~e3e     T * 6` T    _ 1 METHOD FOR OLIGOMERIZING AN a-OLEFIN The present
invention relates to a method for oligomerizing an a-olefin, particularly
ethylene, by means of a catalyst comprising a specific chromium compound
and an alkylaluminum compound, to selectively obtain a product composed
mainly of a trimer in goad yield. Heretofore, it has been known to
oligomerize an colefin such as ethylene by means of a catalyst composed of
a combination of a chromium compound and an organoaluminum compound. For
example, Japanese Examined Patent Publication No. 18707/1968 discloses a
method for preparing 1-hexene and polyethylene from ethylene by a catalyst
system comprising a Cr-containing Group VIB transition metal compound of
the formula MXn and a polyhydrocarbyl aluminum oxide. Further, Japanese
Unexamined Patent Publication No. 128904/1991 and V.W. Seidel and W.
Reichardt, Z. Anorg. Allg. Chem., 404, 225 (1974) disclose a method for
producing a chromium-containing    _ 2 _ compound having a
chromium-pyrrolyl bond by reacting a chromium salt and a metal pyrrolide in
tetrahydrofuran or dimethoxyethane containing an oxygen atom as an electron
poi r donor element. Further, Japanese Unexamined Patenr Publication No.
128904/1991 discloses a method nor trimerizing an a-ole_in by means of a
catalyst obtained by a combination of this chromium-containing compound
with a metal alkyl or a Lewis acid. However, among the above methods, the
one disclosed in Japanese Examined Patent Publication No. 18707/1967 has a
problem that the amount of polyethylene formed sir;,ultaneouslv with
1-hexane is substantial, and i= it is atL2iTipted t0 reduce th2 d:IIOLIW`.
Oi L:'12 :~Oly2ti.yl2n2, the CVe=all aCtlVlties tend t0 deteriorate. Cn the
Othe- hand, th a method d_sClOS2d ? n J?D2::e52 Jnexamined Patent
?ublication No. 128g0~/lggl has drawbacks such that the operation .or
isolating the chromium compound is cumbersome, and it is extremely
dii_icult to selectively obtain a single chromium compound, and that the
catalytic activities are poor For the oligomerization reaction of an
r-olefin using the chromium-containing compound as a catalyst. Further, it
has been known that a compound containing an electron pair donor element
Eorms a complex in coordination with a transition metal element such as a
chromium element. In the process for producing the above-mentioned
chromium-containing compound, a chromium   - 3  salt and a metal pyrrolide
are reacted by using a compound containing an electron pair donor element
as a solvent, whereby the compound containing an electron pair donor
element tends to compete with the metal pyrrolide in coordination with the
chromium salt thereby to form a mixture of complex products wherein the
electron pair donor compound ligand and the pyrrolyl group are coordinated
to the chromium element in various proportions. Further, according to the
amount of an alkylaluminum compound, the selectivity of 1-hexene among
hexenes produced tends to change, which is believed to be attributable to
the coordinated electron pair donor compound contained in the chromium
compound. The present inventors have conducted extensive researches to
solve the above-mentioned problems of the conventional methods and as a
result, have accomplished the present invention. The present invention
provides a method for oligomerizing an u-olefin by means of a catalyst
system comprising a chromium compound having at least one chromium-pyrrolyl
bond and an alkylaluminum compound, wherein the a-olefin is contacted with
the chromium compound and the alkylaluminum compound without preliminarily
contacting the chromium compound to either the a-olefin or the
alkylaluminum compound, and/or wherein the alkylaluminum compound is used
in an amount of at least 20 mmol per g of the chromium compound.   - 4  In
the accompanying drawing, Figure 1 is an IR saectrum of the powder of
chromium compound o obtained in Catalyst Preparation Example 6. Now, the
present invention will be described in detail with reference to the
preferred embodiments. The chromium compound containing a chromium-pyrrolyl
bond, to be used in the present invention, may be the one which contains a
chromium atom and a pyrroiyl group, and may have other organic or inorganic
groups, and it may further contain other metals. In the present invention,
such a chromium compound may be obtained as a mixture of compounds of
metals of Groups IA, IIA, IIIB or IJ3 of the ?eriodic Table when such a
chromium compound is prepared by the reaction of a chromium salt with a
metal cy==olide, as described hereinafter. In the p=esent invention, such a
mixture is also included in she chromium compound containing a
chromium-pyrrolvl bond. In the present specification, a specific c:~=omium
compound indicates the following each chromium compound, 1. a chromium
compound having at least one chromiumgyrrolyl bond, 2. a chromium compound
prepared by the reaction o~ a chromium salt with a compound containing a
pyrrolyl group in a hydrocarbon solvent. In the present invention, the
chromium compound containing a chromium-pyrrolyl bond, can be obtained by
reacting a chromium salt and a compound containing a   - 5  pyrrolyl group.
Namely, for example, it can be obtainea by reacting the chromium salt with
a compound containing a pyrrolyl group in an electron pair donor solvent.
:ere, the chromium salt may be represented by the general formula CrXn
wherein X is an organic or inorganic group, and n is an integer o. from 1
to 6, preferably 2 or 3, provided that when n is more than 1, the plurality
o. X may be the same or different. The organic arou~ includes, for example,
a hydrocarbon group, a carbonyl group, an alkoxy group, a carboxyl group, a
f~-diketonate group, a (~-ketocarboxylic group, a (~-ketoester arou~ and an
amide group. The carbon number of the organic group is usually from 1 to
30, and the hydrocarbon group includes, for example, an alkyl group, a
cycloalkyl CrOLO, an aril groL:p, 2:: al iCvla=yl grOl:O 2nd an aralkyl
c_ouc. The inorganic group may, for example, be a halogen, nitrate, sulfate
or oxide. Preferably, she chromium salt is a halide, such as chromous
chloride, chromic chloride, chromous bromide, chromic bromide. chromous
iodide, chromic iodide, chromous fluoride or chromic fluoride, particularly
preferably chromous chloride or chromic chloride. Further, a complex
composed of such a chromium salt and an electron pair donor, such as an
ether complex, an ester complex, a ketone complex, an aldehyde complex, an
alcohol complex, an amine complex, a nitrite complex, a phosphine complex
or a thioether complex of a halogenated chromium,   - 6  specifically
CrCe33THF, CrCe3-3dioaane, CrCe3~(CH3COZnC4H9), CrC23-(CH3COZC2H5),
CrC23-3(i-C3H~OH), CrC23-3[CH3(CH2)3CH(C2HS)CH20H], CrC~3-3pyridine,
CrC232(i-C3H~NHz), [CrC233MeCN]MeCN (MeCN = acetonitrile), CrCe3-3PPh3
(PPh3 - triphenylphosphine), CrC22-2THF, CrC2Z2pyridine,
CrCP2-2[(CZHS)~NH)Z], CrC2z2MeCN (MeCN = acetonitrile), CrC222[P(C:n3)ZPh]
(Ph - phenyl group), may also be employed. The compound containing a
pyrrolyl group is the one derived from pyrrole or a pyrrole derivative. The
pyrrole derivative includes, for example, 2,5dimethylpyrrole,
3,4-dimethylpyrrole, 3,4dichloropyrrole, 2,3,4,5-tetrachloropyrrole,
2formylpyrrole, 2-acetylpyrrole and 2-acylpyrrole. The compound derived
from pyrrole includes, for example, a metal pyrrolide. The metal is
selected from Groups IA, IIA, IIIB and IVB. A preferred metal pyrrolide
may, for example, be lithium pyrrolide, sodium pyrrolide, potassium
pyrrolide or cesium pyrrolide. Further, instead of such a metal pyrrolide,
pyrrole or a pyrrole derivative itself, may also be employed. The electron
pair donor solvent may be selected among nitrogen-, oxygen-, phosphorus-
and sulfur-containing compounds. The nitrogen-containing compound may, for
example, be a nitrile, an amine or an amide and may specifically be
acetonitrile, pyridine, dimethylpyridine, dimethylformamide,
N-methylformamide, aniline,   nitrobenzene, tetramethyldiaminomethane,
hexamethyldisilazane or pyrrolidone. The oxygencontaining compound may, for
example, be an ester, an ether, a ketone, an alcohol or an aldehyde and may
specifically be ethyl acetate, methyl acetate, tetrahydrofuran, dioxane,
diethyl ether, dimethoxyethane, diglyme, triglyme, acetone, methyl ethyl
ketone, methanol, ethanol or acetaldehyde. The phosphoruscontaining
compound may, for example, be hexamethylphosphor amide,
hexamethylphosphorus triamide, triethylphosphite, tributylphosphine oxide
or triethylphosphine. The sulfur-containing compound may, for example, be
carbon disulfide, dimethylsulfoxide, tetramethylenesulfone, thiophene or
dimethylsulfide. Among the foregoing electron pair donor solvents, ethers
are preferred. P.mong them, tetrahydrofuran, diethyl ether and
dimethoxyethane are more preferred. As a method for reacting the chromium
salt and the metal pyrrolide in the electron pair donor solvent, the
chromium salt and the metal pyrrolide are mixed at an optional ratio and
reacted usually under atmospheric pressure preferably in the absence of an
oxygen molecule. The reaction temperature may be at an optional level, but
the reaction is preferably conducted under reflux of the solvent. If
desired, the reaction may be conducted under irradiation with ultrasonic
waves. The reaction time is usually from 30 minutes to 48 hours.   _ g _
After completion of the reaction, by-products are removed by filtration,
and then an excess electron pair donor solvent is preferably removed. As a
method for removing the electron pair donor solvent, it is possible to
employ a method of removing it under reduced pressure or by circulating an
inert gas at high temperature or at ordinary temperature, or a method
wherein a solvent other than the electron pair donor solvent in which the
chromium compound is insoluble, is added, and then the formed precipitate
of the chromium compound is collected by filtration and washed with the
added solvent to remove the electron Dair donor solvent. As the solvent
other than the electron pair donor solvent, a linear or alicvclic saturated
hydrocarbon such as pentane, hexane, heptane or cyclohexane, an aromatic
hydrocarbon such as benzene, toluene or xylene, a linear chlorinated
hydrocarbon such as chloroform, methylene chloride, dichloroethane or
tetrachloroethane, or a chlorinated aromatic hydrocarbon such as
chlorobenzene or dichlorobenzene, may, for example, be mentioned. however,
it is preferred to employ a linear or alicyclic saturated hydrocarbon.
Another method for obtaining the chromium compound containing at least one
chromium-pyrrolyl bond to be used in the present invention, is a method of
reacting a chromium salt and/or complex soluble in a solvent other than the
electron pair donor solvent, with a metal   - 9  pyrrolide. As the solvent
other than the electron pair donor solvent, the one used for the removal of
the electron pair donor solvent as described above, may be employed. The
chromium salt and/or complex soluble in the solvent other than the electron
pair donor solvent may, for example, be the above-mentioned complex of a
halogenated chromium and an electron donor, such as an ether complex, an
ester complex, a ketone complex, an aldehyde complex, an alcohol complex,
an amine complex, a nitrile complex, a phosphine complex or a thioether
complex of a halogenated chromium, specifically CrCo3-3THF, CrC23-3dioxan~,
CrCB3-(CH3COZn-CaH9), CrC23-(CH3C02CZH5), CrCe3-3(i-C3H~OH),
CrCP3-3[CH3(CH2)3CH(C2H5)CH20H], CrC23-3pyridine, CrCe32(i-C3H~NH2),
[CrC23-3MeCN]-MeCN (MeCN = acetonitrile), CrCe3-3PPh3 (PPh3 -
triphenylphosphine), CrCe22THF, CrC222pyridine, CrCP2-2[(C2H5)ZNH],
CrC22-2MeCN (MeCN = acetonitrile) or CrC2Z-2[P(CH3)zPh] (Ph = phenyl
group). Further, it may be a chromium ~diketonate, a chromium carboxylate,
a chromium-carbonyl complex, various cyclopentadienyl complexes of
chromium, a chromium-alkyl complex or a chromium-phenyl complex,
specifically Cr[CH3COCH=C(0-)CH3)3, Cr(CH3(CH2)3CH(CZHS)CO~j~, Cr(CO)6,
CpCrC2z (Cp =cyclopentadienyl group), (Cp*CrC2CH3)2 (Cp*
pentamethylcyclopentadienyl group), (CH3)2CrCP or   - to  CrPhC22THF3. As a
method for reacting the chromium salt and/or complex and the metal
pyrrolide in the solvent other than the electron pair donor solvent, the
chromium salt and/or complex and the metal pyrrolide are mixed at an
optional ratio and reacted usually under atmospheric pressure preferably in
the absence of an oxygen molecule. If desired, the reaction may be
conducted under irradiation with ultrasonic waves. The reaction temperature
may be at a level from -100C to the boiling point of the solvent depending
upon the types of the chromium salt and/or complex and the metal pyrrolide.
The reaction time is usually from 30 minutes to 48 hours. After completion
of the reaction, by-products may be removed by filtration. However, without
such removal, the reaction product may be used directly for the
oligomerization reaction of an a-olefin. Further, without removing the
solvent, the reaction product may be supplied directly for the
oligomerization reaction of an a-olefin. When the reaction solvent is to be
removed, i:. may be distilled off under reduced pressure or by circulating
an inert gas at a high temperature or an ordinary temperature, or a solvent
in which the formed chromium compound is insoluble, is added, and then the
precipitate containing the chromium compound is collected by filtration and
washed with the added solvent to remove the reaction solvent.   - 11
Another method for obtaining a specific chromium compound, which catalyzes
the oligomerization of olefin, particularly ethylene, in the present
invention is that the reaction of a chromium salt with a compound
containing a pyrrolyl group is conducted in a hydrocarbon solvent as the
solvent other than the electron pair donor solvent. In this method, the
chromium compound can be prepared in a good yield even without adopting the
abovementioned cumbersome isolation operation compared when the reaction of
a chromium salt with a metal pyrrolide is conducted in an electron pair
donor one. When an colefin, particularly ethylene, is oligomerized on using
such a chromium compound prepared in a hydrocarbon solvent, it is possible
to obtain hexenes having a high selectivity of 1-hexene. Besides, in spite
of the change in the reaction conditions such that the amount of the
alkylaluminum compound is reduced, the selectivity of 1hexene in the
resulting hexenes can be maintained at a high level. In the present
invention, it is essential that such a chromium compound contains both
chromium atom and pyrrolyl group. The chromium compound prepared by the
reaction of a chromium salt with a compound containing a pyrrolyl group in
a hydrocarbon solvent rnay be obtained as a mixture of chromium atom, a
pyrrolyl group, other organic or inorganic groups, and/or metals of IA,
IIA, IIIB, or IVB of the Periodic Table. Such a mixture is   - 12  also
included in the chromium compound in the present invention. The chromium
compound can be obtained by reacting a chromium salt and a compound
containing a pyrrolyl group in a hydrocarbon solvent. In detail, when the
chromium salt and the compound containing a pyrrolyl group are reacted in
the hydrocarbon solvent, the chromium salt is preferably soluble in the
hydrocarbon solvent. As such a compound, a chromium ~-diketonate, a
chromium carboxylate, a chromium ~-ketocarboxylate, a chromium-amide
complex, a chromium-carbonyl complex, various cyclooentadienyl complexes of
chromium, a chromium-alkyl complex or a chromium-phenyl complex may, for
example, be mentioned. Particularly preferred is a chromium (3-diketonate,
a chromium-carboxylate or a chromium (3-ketocarboxylate. More specifically,
it may, for example, be Cr(CO)6, CpCrC22 (Cp =cyclopentadienyl group),
(Cp*CrCeCH3)z (Cp* - pentamethylcyclopentadienyl group), (CH3}ZCrC2,
chromium (III) acetylacetonate, chromium (III)
2,2,6,6tetramethyl-3,5-heptanedionate, chromium (III) 2ethylhexanoate,
chromium (TII) naphthenate, chromium (III) methyl acetoacetate, or chromium
(II) bis(trimethylsilyl)amide. As the hydrocarbon solvent, a hydrocarbon
compound and a halogenated hydrocarbon compound may, for examgle, be
mentioned as typical examples. More specifically, it   - 13  includes, for
example, aliphatic and alicyclic hydrocarbon compounds such as n-hexane,
cyclohexane, nheptane and n-octane, aliphatic and alicyclic unsaturated
hydrocarbon compounds such as 1-hexene, cyclohexene and cyclooctene,
aromatic hydrocarbon compounds such as toluene, benzene and xylene, and
halogenated hydrocarbon compounds such as carbon tetrachloride, chloroform,
methylene chloride, chlorobenzene and dichlorobenzene. Among them,
aliphatic, alicyclic and aromatic hydrocarbons are preferred. The compound
containing a pyrrolyl group is exemplified as the same described
hereinbefore. As a method for reacting the chromium salt and the compound
containing a pyrrolyl group such as a metal pyrrolide in the hydrocarbon
solvent, the chromium salt and the compound containing a pyrrolyl group
such as a metal pyrrolide are mixed at an optional ratio and reacted
usually under atmospheric pressure preferably in the absence of an oxygen
molecule. The reactio:: temperature may be at a level of from -l00C to the
boiling point of the solvent depending upon the types of the chromium salt
and/or complex and the compound containing a pyrrolyl group. If desired,
the reaction may be conducted under irradiation with ultrasonic waves. The
reaction time is usually from 30 minutes to 48 hours. After completion of
the reaction, by-products may be removed by filtration, but the chromium
compound may be   - 14  obtained by removing the solvent from the reaction
orecuct without removing such by-products. Further, without removal of the
solvent, the reaction product mart directly be used for the oligomerization
reaction of an c-olefin. As a method for removing the reaction solvent or
the washing solution, it is possible to employ method wherein the solvent
for the washing solution is distilled off under reduced pressure or by
circulating an inert gas at a high temperature or at room temperature,, or
a method wherein after completion of the reaction, the produce is left to
stand still, followed by filtra~ion or removal oT the supernatant, then the
residue is washec creferably with a hydrocarbon compound which has low
boiling point such as n-hexane. A=ter removing the washing solution, the
chromium compound is obtained. T_n the present invention, the specific
chromium compounds can be used as supported on a carrier sue:: as an
inorganic oxide. i~owever, in such a case, the a:nounc of polymer formed
tends to increase. ^herefore, it is preferably used simply in combination
with the alkylaluminum compound without employing such an operation.
Namely, according to the method of the present invention, high catalytic
activities can be obtained without employing a cumbersome operation of
supporting on a carrier. Further, the method is free from such a problem
that the total amount of the catalyst used (the total amount of the carrier
znd the chromium   - 15  catalyst and the alkylaluminum compound) is
increased by the use of the carrier. In the present invention, the
oligomerization of an a-olefin is conducted by the combination of the
speciLic chromium compound thus obtained, with an alkylaluminum compound.
The alkylaluminum compound is preferably an alkylaluminum compound of the
following formula: RlmA2(OR2)nHpXq (1) wherein each of R1 and Rz which may
be the same or different, is a C1_15, Preferably C1_8, hydrocarbon croup, X
is a halogen atom, 0<m<3, 0<n<3, 0<p<3, 0<q<3, and m+n+p+q=3. For example,
alkylaluminum compounds o= ~he following formulas (2) to (7) may be
mentioned: a trialkylaluminum compound of the formula: R13A a ( 2 ) wherein
R1 is as defined above; a halogenated alkylaluminum compound o~ the
Lor~ula: RlmA2X3_m (3) wherein R1 and X are as defined above, and 1.5<m<3;
an alkoxyalkylaluminum compound of the formula: RlmA2(ORZ)3_m (4) wherein
R1 and R2 are as defined above, and 0<m<3, preferably 1.5<m<3; an
alkylaluminum hydride compound of the formula: RlmA2E3_m ( 5 ) wherein R1
is as defined above, and 0<m<3, preferably 1.5<m<3;   - 16  an aluminoxane
of the formula: R1ZA~(OA~)m0AeR12 (6) or ~Oi a R1 In the formulas (6) and
(7), R1 is as defined above, and m is an integer of from 0 to 30,
preferably at least 10. Specifically, trimethylaluminum, triethylaluminum,
triisobutylaluminum, diethylaluminum chloride, diethylaluminum ethoxide,
diethylaluminum hydride, methylaluminoxane and isobutylaluminoxane may, for
example, be mentioned. Plnong them, a trialkylaluminum is Dreferred, since
only a small amount of polymer formed as by-product. To conduct the
oligomerization using the specific chromium compound obtained by the
reaction in a hydrocarbon solvent, the amount of the alkylaluminum compound
to be used per g of the chromium compound is at least 0.1 mmol, but
preferably more than 5 mmol, so that the catalytic activities and the
selectivity for the trimer will be improved. The method for producing the
chromium compound in a hydrocarbon solvent has a merit in that as compared
with the case where a chromium compound produced in an electron pair donor
solvent is employed, the amount of the alkylaluminum compound to be used
may be small, and yet the selectivity of the resulting 1hexene among
hexenes produced will not decrease.   - 17  In the present invention, the
oligomeri~atior. reaction is conducted usually by using a solven~. As such
a solvent, a linear ar alicyclic saturated hydrocarbon such as butane,
pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane or
decalin, an aromatic hydrocarbon such as benzene, toluene, xylene,
ethylbenzene or tetralin, a chain chlorinated hydrocarbon such as
chloroform, methylene chloride, dichloroethane, trichloroethane or
tetrachloroethane, or chlorinated aromatic hydrocarbon such as
chlorobenzene or dichlorobenzene, may, for example, be used. F~mona these
solvents, a linear or alicyclic saturated hydrocarbon is preferred.
=urther, the c-olefin as t:~e starting rate~ial for the reaction i tself,
or ail C:-olefin other t::'c.~ the main S tar t'_nC mater 7.a1 f0= r ecC
~'_On, :Tray b2 l:Sd a5 to Solvent. As such an C-Olefln, t::e One haVlnC
from to 30 carbon atoms may be employed, out the one whicz is liquid at
room temperature, is particularly preferred. 'n a case where the
oligomerization of an c-olefin is conducted by specifying the contacting
<ethod o the catalyst and the amount of the alkylaluminum compound to be
used, it is preferred to use an alicyclic hydrocarbon among these solvents,
since high catalytic activities can thereby be obtained. Further, in a case
where the oligomerizatian reaction is conducted by prescribing the
concentration of the chromium compound, it is preferred to use a chain
saturated hydrocarbon such as butane,   - la  pentane, hexane, heptane or
octane. The a-olefin as the starting material to be used in the present
invention, is a substituted or unsubstituted a-olefin having from 2 to 30
carbon atoms. Specific examples include ethylene, propylene, 1-butene,
1pentene, 1-hexene, 1-octene, 3-methyl-1-butene and 4methyl-1-pentene. The
present invention is particularly suitable for the oligomerization of
ethylene, whereby 1hexene can selectively be obtained in good yield. The
temperature for the oligomerization reaction is usually from 0 to 250C,
preferably from 0 to 150C, and the pressure is usually from atmospheric
pressure to 250 kg/cm2, but it may sufficiently be not more than 100
kg/cm2. The retention time is usually within a range of from 1 minute to 20
hours, preferably from 0.5 to 6 hOUrS. The reaction may be conducted by a
batch system, a semi-continuous system or a continuous system. The
apparatus for the reaction is not particularly limited. For example, a
tubular reactor or an agitation tank type reactor may be employed. In the
present invention, it is necessary either to contact the a-olefin to the
chromium compound having at least one chromium-pyrrolyl bond and the
alkylaluminum compound without preliminarily contacting the chromium
compound to the a-olefin and the alkylaluminum compound, or to use the
alkylaluminum compound in an amount at   - 19  least 20 mmol per g of the
chromium compound. ~Towever, when both of the above conditions are
satisfied, the largest effects can be obtained with respect to the
catalytic activities and the selectivity for trimer. When the
above-mentioned contacting method is employed, the amount of the above
alkylaluminum compound to be used against the chromium compound having at
least one chromium-pyrrolyl bond may be at any level so long as it is at
least S mmol per g of the chromium compound or~ at least 25 mmol per g of
chromium metal. as a specific contacting method, the reaction of batch
system can be conducted by a method wherein the alkylaluminum compound is
present in a solvent, and the chromium compound and the a-olefin are
simultaneously introduced thereto, or a method wherein firstly, the
c-olefin and the alkylaluminum compound are contacted, and then the
chromium compound is introduced thereto. The reaction of continuous system
can be conducted by a method wherein the respective components are supplied
to the reactor directly and independently, or a method wherein the
respective components are supplied and transported to a reactor through
e.g. pipes connected to the reactor, in the order to realize the same
contacting state as in the above-mentioned method for batch system. Under
the conditions of the present invention, the interaction between the
alkylaluminum compound and the c-olefin is so small that the
above-mentioned various contacting methods   - 20  can be regarded as
substantially the same method. In the present invention, the state of
"without 



preliminarily contacting" is accomplished by the above contacting method at
the initiation of the reaction. Further, for the additional supply of the
reaction substrate and the catalyst during the reaction, the supply method
is not particularly limited so long as the same contacting state is
accomplished with respect to the respective materials to be supplied
afresh. By employing the above contacting method, a substantial improvement
in the catalytic activities and an effect of e.g. suppressing formation of
polymers, can be obtained. In the catalyst system of the present invention,
a solvent-soluble component formed by the reaction of the specific chromium
compound and the alkylaluminum compound is considered to have oligomerizing
activities. It is considerec that when the c-olefin is contacted to the
specific chromium compound and the alkylaluminum compound without
preliminarily contacting the specific chromium compound to either the
a-olefin or the alkylaluminum compound, the resulting active species are
stabilized by e.g.. coordination of the c-olefin present, and the amount of
the active species will increase. On the other hand, when the a-olefin is
contacted after contacting the specific chromium compound to the
alkylaluminum compound in the absence of the aolefin, the amount of the
active species decreases for   - 21  the above reason, and reduction of the
chromium compound proceeds beyond a proper reduction degree before
initiation of the oligomerization reaction upon contact of the a-olefin,
which are believed to be factors for deterioration of the catalytic
activities. The catalytic activities deteriorate also in a case where the
chromium compound and the a-olefin are preliminarily contacted and then the
alkylaluminum compound is contacted thereto. In this case, it is considered
that the chromium compound becomes to be hardly soluble, when reacted with
the alkylaluminum compound, by the preliminary contact with the a-olefin.
Even in a case where the above contacting method is not employed, fairly
high oligomerizing activities and selectivity for trimer can be obtainer by
adjusting the amount of the alkylaluminum compound to the chromium compound
to a level of at least 20 mmol per g of the chromium compound having at
least one chromium-pyrrolyl bond or at least 100 mmol per g of chromium
metal, preferably at least 30 mmol per g of the chromium compound or at
least 150 mmol per g of chromium metal. If the amount of the alkylaluminum
compound is less than 20 mmol per g of the chromium compound having at
least one chromium-pyrrolyl bond, selectivity for trimer and catalytic
activities tend to be low. By increasing the amount of the alkylaluminum
compound to the chromium compound, the solubility of the   - 22  chromium
compound is promoted, and the amount of active species increases. This is
believed to the reason why it is possible to obtain fairly high
oligomerizing activities and selectivity for trimer even when the
above-mentioned contacting method is not employed. There is no particular
restriction as to the upper limit for the amount of the alkylaluminum
compound. However, if the alkylaluminum compound is used unnecessarily in a
large amount, the yield of the product per the alkylaluminum compound
decreases. The upper limit of the amount of the alkylaluminum compound is
preferably 1Q00 mmol per g of the chromium compound having at least one
chromium-pyrrolyl bond or 5000 mmol per g of chromium metal, more
preferably 500 mmol per g of the chromium compound or 2500 mmol per g of
chromium metal. On the other hand, the contacting method and/or the amount
of an alkylaluminum compound added in the oligomerization of an a-olefin in
the present invention may not be particularly restricted by using the
catalyst system which is comprised from the chromium compound prepared by
the reaction of a chromium salt with a compound containing a pyrrolyl group
in a hydrocarbon solvent. However, when both of either the same contacting
method and/or the same amount of an alkylaluminum compound stated before
are/is employed ir. the oligomerization of an a-olefin wherein the chromium
compound is formed in a hydrocarbon solvent, the activity   - 23  and the
selectivity for trimer can tend to increase. (Similarly mentioned
hereinbefore.) The reason why the increasement of the activity and the
selectivity for trimer is considered to be the same described hereinbefore.
The concentration of the chromium compound in the oligomerization of the
c-olefin in the present invention is usually from 0.1 mg to 5 g of the
specific chromium compound or from 0.02 mg to 1 g of chromium metal, per 2
of the solvent, preferably from 1 mg to 2 g of the specific chromium
compound or from 0.2 m3 to 0.4 g of chromium metal, per Q of the solvent.
However, by adjusting the concentration preferably to a level of at host
150 mg of the chromium compound having at least one chromium-pyrrolyl bond
or at most 30 mg of chromium metal, per ~ of the solvent, more preferably
at most 100 mg of the chromium compound or at most 20 mg of chromium metal,
per a of the solvent, the catalytic activities (g olefin/g chromium-hr) and
the catalytic efficiency (g olefin/g chromium compound) will substantially
increase. The lower limit of the concentration of the chromium compound is
not particularly limited. However, if the concentration is too low, the
yield of the product per reactor will be low, such being undesirable.
Therefore, the lower limit is usually at a level of 20 mg of the chromium
compound or 4 mg of chromium metal, per 2 of the solvent. The mechanism of
the increase of the activities   - 24  is not yet clearly understood, but
it is considered that by the decrease of the concentration of the chromium
compound, the solubility of the compound increases, or the association
degree decreases to bring about an increase of effective active sites.
Further, in the oligomerization of an a-olefin o~ the present invention, an
improvement in the catalytic activities and selectivity for trimer is
observes when hydrogen is present during the reaction. Especially when the
oligomerization reaction of the present invention is conducted in an
alicyclic hydrocarbon solvent and in the presence of hydrogen, the
catalytic activities and selectivity for trimer can remarkably be improves.
~n a case where the oligomerization reaction of an c-olefin, especially
ethylene, is conducted by using a catalyst comprising the chromium compound
having at least cne chromium-pyrrolyl bond and an alkylaluminum, an
improvement in the catalytic activities and selectivity for trimer is
observed by the presence of hydrocen, but the selectivity of 1-hexene among
hexenes produced tends to decrease. A feature of the present invention
resides in that when the oligomerization reaction is conducted by using a
catalyst comprising the specific chromium compound obtained in a
hydrocarbon solvent and an alkylaluminum, not only an improvement in the
catalytic activities and selectivity for trimer is obtainable, but also no
substantial decrease in the selectivity or 1   - 25  hexene among hexenes
produced is observed by the presence of hydrogen. Formation of polymers
(those insoluble in a hydrocarbon solvent at room temperature) in the
oligomerization of an a-olefin according to the present invention, is not
more than 25% by weight of the total product. According to a preferred
method of the present invention, formation of such polymers, is not more
than 15% by weight. By employing the proper method, it can be controlled to
a level of not more than 5% by weight. According to the method of the
present invention, a product composed mainly of a trimer can obtained in
good yield by oligomerizing particularly ethylene, and formation or
controlled. Thus, the present inventio! significant industrial advantage.
Further, by using as a catalyst the be selectively an a-olefin, polymers
can be '1 prOVldes a specific ch=omium compound obtained by the reaction in
a hydrocarbon solvent, when an a-olefin, particularly ethylene, is
oligomerized, the selectivity of 1-hexene among hexenes produced will be
improved, whereby purification of 1hexene by e.g. distillation will be
easy, and the costs for the purification apparatus can be reduced. Further,
a product of a high purity can be obtained without requiring a particularly
precise purification operation, and the oligomerization reaction proceeds
at a high catalytic activities. Therefore, the value of the method   - 26
of the present invention for industrial application is high. Now, the
present invention will be described in further detail with reference to
Examples. However, it should be understood that the present invention is by
no means restricted by such specific Examples. CATALYST PREPARATION
EXP.MPL.S 1 Preparation of chromium compound 1 To 0.815 g (20.3 mmol) of
NaH, 15 m2 of THF was added, and 1.4 m~ (20 mmol) of pyrrole dissolved in 5
m~ of THF was dropwise added thereto. The mixture was stirred at room
temperature for one hour, and then this solution was dropwise added to 1.23
g (10 mmol) of CrC22 suspended in 20 m2 or' THF. After the dropwise
addition, S m2 of THF was added thereto, and the mixture was refluxed for
20 hours under heating. The precipitate was filtered off. Then, l00 m2 of
pentane was added to the filtrate, and the mixture was left to stand still
at 5C. The formed precipitate was collected by filtration and dried to
obtain 0.506 g of a dark green powder. The contents of elements in this
powder were as follows. Cr: 19.1%. C: 52.3%, H: 5.45%, N: 11.6%. CATALYST
PREPARATION EXAMPLE 2 Preparation of chromium compound 2 To 19 m2 (30 mmol
of n-BuLi) of a n-BuLi/n-hexane solution, 2.1 m2 (30 mmol) of pyrrole
dissolved in 20 me of THF was dropwise added at -78C, and the mixture was
_ 27 _ stirred for 15 minutes. Then, the mixture was returned to room
temperature, and stirring was continued at room temperature for 2 hours. To
this solution, 1.58 g (10 mmol) of CrC23 was added in a powder form. Then,
the mixture was refluxed for 5 hours under heating. After being left to
cool, the formed precipitate was filtered off. The filtrate was dried up to
obtain a powder. The contents of elements in this powder were as follows.
Cr: 6.6%, C: 69.2%, H: 7.3%. N: 15.1j. CATALYST PREPARATION EXAMPLE 3
Preparation of chromium compound 3 To 0.79 g (16.5 mmol) of NaH, 15 m2 of
THF was added, and 1.0 me (IS mmol) of pyrrole dissolved in 5 m2 of THF was
dropwise added thereto. The mixture was st_rred at room temperature for one
hour, and then this solution was dropwise added to 0.79 g (5 mmol) of CrCe3
suspended in 25 m2 of THF. After the dropwise addition, the mixture was
refluxed for 5 hours under heating. The precipitate was filtered off. Then,
the solvent was distilled off to obtain 1.65 g of a black powder. The
contents of elements in this powder were as follows. Cr: 6.5%, C: 58.0%, H:
6.6%, N: 10.5%. CATALYST PAEPARATION EXAMPLE 4 Preparation of chromium
compound 4 To 15 m2 of a THF solution of pyrrole (10.l mmol), MeLi (7.5 me
of a 1.4M Et20 solution, 10.S mmol) was dropwise added at -78C. After
dropwise addition, the   - 28  mixture was stirred at room temperature for
30 minutes. To the lithium pyrrolide thus obtained, a solution obtained by
dissolving CrC82 (T:-~r)2 (1.33 g, 4.82 mmol) in 5 m2 of THF, was added at
room temperature, and the mixture was stirred for 3 hours, whereby the
reaction solution turned black. The reaction solution was filtered through
a G3 filter, and the filtrate was concentrated to obtain a black powder.
Then, 10 m2 of toluene and 3 m8 of pyridine were added thereto, and the
mixture was heated by an oil bath and filtered through a G3 filter while it
was still hot. The obtained filtrate was slowly cooled to room temperature.
The supernatant e~ precipitated needle-like crystals was removed, and the
crystals were washed with toluene to obtain 593.6 g of brown needle-like
crystals. The obtained crystals were pulverized and used for the
oligomerization reaction. The contents of elements in the needle-like
crystals were as follows. Cr: 10.0%, C: 69.2%, H: 6.06%, N: 13.7%. CATALYST
PREPARATION EXAMPLE 5 Preparation of chromium compound 5 To 12 mP of a THF
solution (0.5 M) of Na (pyrrolide), a THF suspension (8 me) of CrC23-3
pyridine (0.79 g, 2 mmol) was dropwise added at room temperature. The
mixture was stirred for one hour and then refluxed for 5 hours. After
cooling the mixture to room temperature, 10 me of THF was added thereto,
and the supernatant was   - 29  transferred by a syringe. This operation
was repeated twice, and the obtained brown solution was concentrated to
obtain 340 mg of a brown powder. CATALYST PREPARATION EXAMPLE 6 Preparation
of chromium compound 6 To a solution of chromium (III) acetylacetonate
(2.S5 g, 7.3 mmo).) in toluene (15 mB), a suspension of powdery lithium
pyrrolide (1.60 g, 21.9 mmol) separately prepared, in toluene (5 me), was
added at room temperature under a nitrogen atmosphere. The reaction mixture
was gradually heated to 100C, and the stirring was continued for 25 hours
while maintaining the temperature. The reaction mixture was cooled to room
temperature, and then the solvent was distilled oL~ under reduced pressure
from the reaction mixture, to obtain 4.15 g of a reddish brown powder. For
the oligomerization reaction of ethylene, this powder was used as it was.
The results of the elemental analysis of this powder was as shown below.
The yield per Cr as calculated from the analyzed value of Cr and the
obtained amount, was 100%. The IR spectrum of this powder is shown in
Figure 1. The measurement was conducted by a nujor method using l65 Model
FT-IR, manufactured by Perkin Elmer. Cr: 9.1%, C: S7.0%, H: 5.9%, N: 7.4%.
CATALYST PREPARATION EXAMPLE 7 Preparation of chromium compound 7   - 30
To a solution of chromium (III) (2-ethylhexanoate) (1.14 g, 2.36 mmol) in
toluene (15 m~), a suspension of powdery sodium pyrrolide (0.65 g, 7.26
mmol) separately prepared, in toluene (5 m2), was added at room temperature
under a nitrogen atmosphere. Ultrasonic waves were irradiated to the
reaction mixture for 17 hours. During this period, the water temperature of
the ultrasonic wave cleaning apparatus rose to a level of 40C. After
completion of the reaction, the supernatant was withdrawn to remove
unreacted chromium (III) (2ethylhexanoate). Then, the residue was washed
w_th heptane, and the supernatant was removed in the same manner as above.
The residual solid was vacuum-dried at room temperature to obtain 0.97 g of
a deep green powder. The results of the elemental analysis of this powder
were as follows. The yield per Cr as calculated from she analytical value
of Cr and the obtained amount, was 83.7%. Cr: 7.5%, C: 58.1%, H: 7.4%, N:
7.2%. EXAMPLE 1 A 300 m8 autoclave heat-dried by a drier at 1S0C, was
assembled while it was still hot, and flushed with nitrogen under vacuum.
This autoclave was provided with a catalyst feed tube equipped with a burst
plate. SO m2 of heptane and 0.4 mmol of triethylaluminum were charged to
the body side of the autoclave. On the other hand, 10 mg of chromium
compound 1 slurried in 1 me of heptane was   - 31  charged to the catalyst
feed tube. At such a time, the chromium compound and the'triethylaluminum
were not in contact to each other. The autoclave was heated to 80C, and
ethvlene was introduced at 80C through the catalyst feed tube. Hy the
ethylene pressure, the burst plate bursted, whereupon the ethylene, the
chromium catalyst and the triethylaluminum were simultaneously contacted to
one another, and oligomerization of ethylene was initiated. Ethylene was
introduced until the total pressure became 40 kg/cm2, and thereafter
oligomerization of ethylene was conducted for one hour while maintaining
the total pressure at 40 kg/cm2. The internal temperature of the autoclave
became 90C by the polymerization heat, and thereafter the reaction
temperature was maintained at 90C. One hour later, ethanol was injected to
terminate the reaction, and the product was quantified by gas
chromatography. The results are shown in Table 2. EXAMPLE 2 Into the same
autoclave as used in Example 1, 10 ma of the chromium compound 1 and 0.4
mmol of triethylaluminum were charged in the same manner. Hydrogen was
introduced to 3.5 kg/cm2, and the autoclave was heated to 90C. At such a
time, the chromium compound and the triethylaluminum were not in contact
with each other. Then, ethylene was introduced at 90C through the catalyst
feed tube. The burst plate   - 32  bursted by the ethylene pressure,
whereupon the ethylene, the chromium compound and the triethylaluminum were
contacted simultaneously to one another, and polymerization of ethylene was
initiated. Ethylene was introduced until the total pressure became 40
kg/cmz, and thereafter polymerization of ethylene was conducted ion 0.5
hour while maintaining the total pressure at 40 kg/cm'-. The internal
temperature of the autoclave became l10C by the polymerization heat. The
autoclave was cooled and thereafter the reaction temperature was maintained
at 100C. 0.5 Hour later, ethanol was injected to terminate the reaction,
and the product was quantified by gas chromatograph. The results are shown
in Table 2. EXP~NIPLES 3 to 8 The reaction was conducted in the same manner
as ir. Example 1 except that the reaction conditions and the chromium
compound were changed as identified in Table 1. ~~he results are shown in
Table 2. EXAMPLE 9 Into the same autoclave as used in Example l, 10 mg of
the chromium compound as used in Example I and then 62 m~ of heptane, were
charged. Then, the temperature was raised to 90C, and ethylene was
introduced to 35 kg/cm2. No absorption of ethylene was observed. Therefore,
0.4 mmol of triethylaluminum was injected, whereupon absorption of ethylene
started. 30 Minutes later,   - 33  ethanol was injected to terminate the
reaction. The reaction temperature was maintained at 90C. The results are
shown in Table 2. EXAM?LE 10 0ligomerization ef ethylene was conducted in
the same manner as in Example 7 except that the reaction solvent was
changed to cyclohexane. The reaction conditions are shown in Table 1, and
the results are shown in Table 2. E:~A~1PLE 11 Oligomerization oz ethylene
was conducted in the same manner as in ExamAle 10 except that the amount of
tr iethylaluminum was chznce~ to 0 . ~ ~,mo1 , a::d hyd=o5e.^. was
introduced to 3.5 kg/cmZ. The reaction conditions are saown in Table 1, and
ti:e results are shown in Table 2. L~?LM?JES 12 to 14 The reaction was
conducted in the same manner as in Example 1 except that the reaction
conditions and the chromium compound were Chanoed as identified ir. Tabla
3. Tze results are shown in Table 3. EyP.MPLE 15 ~. 300 m~ autoclave
heat-dried by a drier at 150C, was assembled while it was still hat, and
flushed with nitrocen under vacuum. This autoclave was provided with a
catalyst feed tube equipped with a burst plate. 150 mo o. heptane and 0.2
mmol of triethylaluminum were charged to the body side of the autoclave. On
the other hand, IO   - 34  mg of chromium compound 3 slurried in 1 m2 of
heptane was charged to the catalyst feed tube. The autoclave was heated to
90C, and ethylene was introduced at 90C from the catalyst feed tube. The
burst plate bursted by the ethylene pressure, whereupon the ethylene, the
chromium catalyst and the triethylaluminum were contacted simultaneously to
one another, and oligomerization of ethylene was initiated. Ethylene was
introduced until the total pressure became 35 kg/cm2, and thereafter
oligomerization of ethylene was conducted for one hour while maintaining
the total pressure at 35 kg/cmz. The internal temperature of the autoclave
became 100C by the polymerization heat, and thereafter the reaction
temperature was maintained at 100C. One hour later, ethanol was injected to
terminate the reaction, and the reaction product was quantified by gas
chromatograph. The results are shown in Table 3. EXAMPLE 16 Into the same
autoclave as used in example 15, 10 mg of chromium compound 4 prepared in
Catalyst Preparation Example 4, 150 me of heptane and 0.4 mmol of
triethylaluminum were charged. ciydrogen was introduced to 3.5 kg/cm2, and
the autoclave was heated to 90C. Then, ethylene was introduced at 90C from
the catalyst feed tube. The burst plate bursted by the ethylene pressure,
whereupon the ethylene, the chromium compound and the   - 35
triethylaluminum were contacted simultaneously to one another, and
polymerization of ethylene was initiated. Ethylene was introduced until the
total pressure became 40 kg/cmz, and thereafter polymerization of ethylene
was conducted for 1.0 hour while maintaining the total pressure at 40
kg/cmz. The internal temperature of the autoclave became 110C by the
polymerization heat. The autoclave was cooled, and thereafter the reaction
temperature was maintained at 100C. One hour later, ethanol was injected to
terminate the reaction, and the product was quantified by gas
chromatograph. The results are shown in Table 3. ~Xnl^.?LES 17 and 18 The
reaction was conducted in the sa:~e manner as in xa:~ple 15 except that
compound 5 obtained in used, and the reaction identified in Table 3.
~XP.M~LE 19 A 300 m2 autoclave as the chromium compound, chromium Catalyst
Preparation Example 5 was conditions were changed as The results are shown
in Table 3. heat-dried by a drier at 150C, was assembled while it was still
hot, and flushed with nitrogen under vacuum. This autoclave was provided
with a ca~alyst feed tube equipped with a burst plate. 50 m2 of heptane and
0.4 mmol of triethylaluminum were charged to the body side of the
autoclave. On the other hand, 10 mg of chromium compound 6 obtained in
Catalyst Preparation Example 6 slurried in 1 m2 of heptane, was   - 36
charged to the catalyst feed tube. The autoclave was heated to 100C, and
ethylene was introduced at 100C from the catalyst feed tube. The burst
plate bursted by the ethylene pressure, whereupon the ethylene, the
chromium compound and the triethylaluminum were contacted simultaneously to
one another, and oligomerization or ethylene was initiated. Ethylene was
introduced until the total pressure became 35 kg/cm2, and thereafter the
total pressure was maintained at 35 kg/cm2, and the reaction temperature
was maintained at 100C. One hour later, ethanol was injected to terminate
the reaction, and the reaction product was quantified by gas chromatograph.
The results are shown in Table 4. EXfl~IPLE 20 Into the same autoclave as
used in Example 19, 7 mg oL chromium compound 6 obtained in Catalyst
Preparation Example 6 and 0.28 mmol of triethylaluminum were charged in the
same manner. f~ydrogen was introduced to 3.5 kg/cmZ, and the autoclave was
heated to 100C. Then, ethylene was introduced at 100C from the catalyst
feed tube. The burst plate bursted by the ethylene pressure, whereupon the
ethylene, the chromium compound and the triethylaluminum were contacted
simultaneously to one another, and oligomerization of ethylene was
initiated. Ethylene was introduced until the total pressure became 40
kg/cmz, and thereafter the total pressure was maintained at 40 kg/cm2 and
the reaction temperature was   _ ~~ _ maintained at 100C. One hour later,
e~hanol was injected to terminate the reaction, a:~c the product was
quantified by gas chromatograph. The results are shown in Table 4.
EX~~?PLES 21, 23 and 24 The reaction was conducted in t~-:e sane manner as
in Example 19 except that the reaction conditions and the chromium compound
were changed as identified in Table 4. The results are shown in Table 4.
EXAMPL 22 The reaction was conducted in the same manner as in Exa,ple 19
except that the amount oL heptane was changed to 150 me. The results are
shown in Table 4. C0:`~s?~~caTT_VE EXn~~I~LE 1 The reaction was conducted
in the same manner as in Exa:~ole 9 except that the amount o. '.'.^.eptane
was c'_hanged to 62 m2 and the amount of triethyl a.uminum was c:~anged to
0.12 mmol. The results are shown in Table 2 (continued). COM?AR~TIVE
EXAMPLE 2 The reaction was conducted in the same manner as in Comparative
Example 1 except that 3.5 kg/cm2 oL hydrogen was introduced prior to the
introduc;,ion of triethylaluminum, and the total pressure was 40 kg/cmz.
The results are shown in Table 2. COMPARyTIVE EXAMPLE 3 The reaction was
conducted in the same manner as in   - 3a  Comparative Example 1 e:cceot
that into the au~ociave, triethylaluminum and the chromium compound were
charted in a he~tane solvent and heat-treated at 90C for 30 minutes, and
then ethylene was in~rocuced, and the reaction temperature was changed to
100C. The resul;.s are shown in Table 2.   - 39  r1 r
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Contacting methods A: Three components of ethylene, chromium compound and
triethylaluminum are contacted simultaneously. B: Ethylene and chromium
compound are contacted and heated, and then, triethylaluminum is contacted.
C: Chromium compound and triethylaluminum are heat treated and then
contacted to ethylene.   - 42  N dJ H  M n N
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Claims: 1. A method for producing an a-olefin oligomer, which comprises
oligomerizing an c~-olefin in the presence of a solvent-soluble catalyst
coi~nprising a C11T'01111L1111 CUnIJ1UU17d having at least one
chromium-pyrrolyl bond ancl~an alkyl aluminium compound. 2. The method for
pr oducing an a -olefin oligo,ner according to Claim 1, wherein the
oligomerization reaction is carried out in the presence of hydrogen. 3. The
n Method for pr oducing an a -olefin actor ding to Clain ~ 2, vrherein the
solvent is an alicyclic hydrocaruon solvent. .A@HYl.A@L.A y.A;
L.A_.A(sL.AlFe.A 3e.A .A L.A9.A3e.A.Ay{l.A.Au.A.AS(.A .AaFy.A;
.A9L.ANFy.Au.A.A .A;
.ANF?.AY.Aa.Aa.AlL_.Alu.Al.A@.AF.AY.AY..Am4.A@L.A9*.A}L.AR.A J.Assz.AS.A.
.A5',`a#$\]DEHIZ[fhzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]c^a]ca]cRa]ca!hlmrswz+18G&(chopK|
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10%&'()-2 10%&'()-2lP8 10% 10%&'( 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2hL0P8 10%&'()-2& 10%&'()-2 10%&'()-2 10%&'()-2_px@ |MpT8
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L0pT8
10%&'()-2&_px@ |M 10%&'()-2 10%&'()-2 10%&'()-2 tX< 10 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 tX< 10 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2dH,X< 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2_px@ |MtX< 10% 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 !"%L,tX< 10%&'()-2_px@ |M 



10%&'()-2 10%&'()-2 10%&'()-2%&'()*+-tX8  10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2-./01235tX8  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-256789;hL,tX8 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2_px@ |M;=?BDEFcG8 10%&' 10%&'()-2( 10%&'()-2(
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2FHJLMN#G_px@ |M 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2NOQSTUVWlP4px@  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2WY[\]^_`kO3px@  10%&'()-22 10%&'()-22
10%&'()-22 10%&'()-22 10%&'()-2 10%&'()-2 10%&'()-2`abcdehL0kO3px 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2_px@ |MefhiklmolP0px 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2opqrst0lP0px_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2tuvwxyz{tX<px_p 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2{|}~tX8px_ 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hL0tX8px
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2_px@ |MtX<px 10 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L,tX< 10%&'()-2_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2tX< 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2tX< 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2hL0X< 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |MtX< 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2L0tX< 10%&'()-2_px@ |M 10%&'()-2 10%&'()-2 10%&'()-2tT4
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2tX<
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hH,tX<
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2_px@ |McC< 10%&'( 10%&'()-2
10%&'()-2 10%&'()-22 10%&'()-2 10%&'()-2 10%&'()-2hH, 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hL0hH, 10%&'()-2 10%&'()-2
10%&'()-2_px@ |M 10%&'()-2_C, 10% 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2lC, 10% 



10%&'()-2  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 dH,C,
10%&'()-2 10%&'()-2 10%&'()-2& 10%&'()-2_px@ |M pT8 10 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L,pT8 10%&'()-2_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2tX< 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 !"#$%tX< 10 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2%&'()+hL,X< 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2_px@ |M+-/2457cC< 10% 10%&'()-2 10%&'()-2( 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-279;=@A_px@ |M( 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2ABEGJNPdDpx@ |M 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2PRUX[^`_?px@ |M 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2`bcdefcG+?p 10%&'()-2 10%&'()-2_px@ |M 10%&'()-2
10%&'()-2fghijklmtX<p 10% 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2mpqsvxzcC<p 10%  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2( 10%&'()-2z{|}~hL0C<p 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2)_px@ |MtX<p 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2H,tX<p 10%&'()-2_px@ |M 10%&'()-2 10%&'()-2
10%&'()-2tX<p 10% 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2tX<p 10% 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2hL0X<p 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |MtX<p 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2H,tX<p 10%&'()-2_px@ |M 10%&'()-2 10%&'()-2
10%&'()-2lP0p 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2gK/p 10%&'()-2 10%&'()-2( 10%&'()-2 10%&'()-2 10%&'()-2( 10%&'()-2
10%&'()-2cgK/p 10%&'()-2 10%&'( 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2dD$gK 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2_px@ |M_? 10%&'
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2#?_px@ |M 



10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2tT4px@  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2pP0px 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 hL0pP0px 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2_px@ |M  tX<px 10 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L,tX< 10%&'()-2_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2tX< 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 !"#$tX< 10 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2$%&'()hL0X< 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2_px@ |M)*+,-./0tX< 10 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2012346L,tX< 10%&'()-2_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2678:<ADhH< 10%&'( 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2DFGIJLOgG< 10%&' 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2( 10%&'()-2OQTUVWC'G< 10%&'()-2_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2WZ]`cdecG< 10%&'()-2_ 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2eghiloqgG< 10%&'()-2_ 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2qstuvwcG+G< 10%&'()-2
10%&'()-2 10%&'()-2_px@ |M 10%&'()-2wxyz{|}~tX< 10% 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2~,tX<_px@ |M 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2tX<_px@  10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2tX<_px@  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hL0tX<_ 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2_px@ |MtX<_ 10 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L0tX<_ 10%&'()-2_px@ |M 10%&'()-2
10%&'()-2 10%&'()-2tX<_ 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2tT<_ 10 10%&'( 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2hL0T<_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |MlP4_ 10%&'()-2 



10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2llP4_ 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hH,lP4
10%&'()-2& 10%&'()-2 10%&'()-2 10%&'()-2_px@ |McC4 10%&'( 10%&'()-2
10%&'()-2 10%&'()-22 10%&'()-2 10%&'()-2 10%&'()-2hH, 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2cG+hH, 10%&'()-22
10%&'()-2 10%&'()-2_px@ |M 10%&'()-2cG+ 10%&'()-22 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2+cG+_px@ |M 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2tX8_px 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 tX<_px 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2  hL0tX<_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |MpT8_  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 !L0pT8_ 10%&'()-2&_px@ |M 10%&'()-2 10%&'()-2
10%&'()-2!"#$%&')tX8_  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2)*+,-./tX8_  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2/01234hL0X8_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |M456789:;tX<_ 10 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2;<=>?@L0tX<_ 10%&'()-2_px@ |M 10%&'()-2
10%&'()-2 10%&'()-2@ABCDEFJtX8_  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2JLMOQRSTgK/_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2( 10%&'()-2TUVWXYhL0gK/_ 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2)_px@ |MYZ]_bcehH/_ 10%&'( 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2eghijk+H/_px@ |M 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2klmnqtvxlL,_ 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2x}~cG+ 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2( 10%&'()-2hL,cG+ 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2)_px@
|MoS7  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2C'oS7 10%&'()-2_px@ |M 10%&'()-2 10%&'()-2 



10%&'()-2pP0  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2lP0  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2& 10%&'()-2 10%&'()-2
10%&'()-2hL0P0  10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2_px@ |MtT8
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L0tT8
10%&'()-2&_px@ |M 10%&'()-2 10%&'()-2 10%&'()-2tX8   10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2tX8   10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hL0X8  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2_px@ |MpT8   10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2L0pT8  10%&'()-2&_px@ |M 10%&'()-2 10%&'()-2
10%&'()-2tX8   10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2tX8   10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2hL,X8 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2_px@ |MtX< 10
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2L0tX<
10%&'()-2_px@ |M 10%&'()-2 10%&'()-2 10%&'()-2  pT8  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2pT8  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hL,T8 10%&'()-2 10%&'()-2&
10%&'()-2& 10%&'()-2_px@ |M!"#$%&pT8  10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2&()*+,G+pT8 10%&'()-2_px@ |M2
10%&'()-22 10%&'()-2 10%&'()-2,-.01345lP4  10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-25678:;<pT4  10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2<=>?@BhL,T4 10%&'()-2
10%&'()-2& 10%&'()-2& 10%&'()-2_px@ |MBDEFGJKLkO3 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2LMNOPQL0kO3 10%&'()-2_px@
|M 10%&'()-2 10%&'()-2 



10%&'()-2QRSUWY[\hH, 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2\^_`cdekO, 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2( 10%&'()-2efghikhL,O, 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |MkmoqruvwcG+ 10%&'()-2 10%&'()-2( 10%&'()-2 10%&'()-22
10%&'()-2 10%&'()-2 10%&'()-2wyz{|}G+cG+ 10%&'()-2_px@ |M 10%&'()-2
10%&'()-2 10%&'()-2}~lL0 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2gK0 10%&'()-2 10%&'()-2 10%&'()-2( 10%&'()-2 10%&'()-2
10%&'()-2( 10%&'()-2hL0K0 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2)_px@
|McG0 10%&'( 10%&'()-2( 10%&'()-2 10%&'()-22 10%&'()-2 10%&'()-2
10%&'()-2#G_px@ |M 10%&'()-22 10%&'()-2 10%&'()-2 10%&'()-2gG_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2cC_px@ |M
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2cC'C_ 10%&'()-2
10%&'()-2_px@ |M 10%&'()-2 10%&'()-2_C_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2dH_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2hH,H_ 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2_px@ |MhL, 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2 10%&'()-2
10%&'()-2 10%&'()-2L0hL, 10%&'()-2_px@ |M 10%&'()-2 10%&'()-2 10%&'()-2dD,
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T10%--&'()-c1 T10%--&'()-c11 T10%--&'()-c1 T10%--&'()-c1zZ:G,  T1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c10MX' 2FQdD,  T1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1:D,  T1MX' 2FQ T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 pP0  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 !"%)*:pP0 MX' 2FQ T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1*+,-.013pT4  T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c135679;gpT4  T10%--&'()-c1 T10%-- T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1( T10%--&'()-c1( T10%--&'()-c1;<=AEFvV:pT4  T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c10MX' 2FQFJLNPRT_?4  T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1TUVWXYZz^B&4 T10%--&'()-c1 T10%--&'()-c1c T10%--&'()-c1
T10%--&'()-c1MX' 2FQ T10%--&'()-c1Z[\_`acfpP0 T1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c12 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1fghiklzZ>pP0 T1 T1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1MX' 2FQlmoprtvwhH,  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c12 T10%--&'()-c1 T10%--&'()-c1wxz|~6hH,  T1MX'
2FQ T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1lL0
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1cC0  T10%-- T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1uY=C0  T10%
T10%--&'()-c1- T10%--&'()-c1MX' 2FQ T10%--&'()-c1 T10%--&'()-c1lP4
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1qU9lP4  T10%--&'()-c1 T10%--&'()-c1MX' 2FQ
T10%--&'()-c1 T10%--&'()-c1tT4  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1z^B&4 T10%--&'()-c11
T10%--&'()-c1 T10%--&'()-c1 MX' 2FQ T10%--&'()-c1 T10%--&'()-c1hH,
T10%--&'()-c1  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1z^B&, T10%--&'()-c1 T10%--&'()-c1- T10%--&'()-c1
T10%--&'()-c11MX' 2FQ T10%--&'()-c1_?, T10%--&'() T10%--&'()-c1
T10%--&'()-c1 



T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1z^B?, T10%--&'()
T10%--&'()-c1c T10%--&'()-c1 T10%--&'()-c1MX' 2FQ T10%--&'()-c1_?,
T10%--&'() T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1uY=?, T10%--&'( T10%--&'()-c1' T10%--&'()-c1-MX'
2FQ T10%--&'()-c1 T10%--&'()-c1lL,  T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 >lL,
T10%MX' 2FQ T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 tX<
T10 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1B&< T10%--&'()-c1 MX' 2FQ T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 pT8 T10%-- T10%--&'()-c12
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 !"#$%&^B&8 T10%--&'()-c1 T10%--&'()-c1MX' 2FQ T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1&'(),./0lP4 T10% T10%--&'()-c1 T10%--&'()-c1'
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1023456uY=lP4 T10% T T10%--&'()-c1 T10%--&'()-c1MX' 2FQ(
T10%--&'()-c1( T10%--&'()-c1679:<>?@hL0 T1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1@BCDEFuY=hL0 T1 T10% T10%--&'()-c1 T10%--&'()-c1TMX' 2FQ1
T10%--&'()-c1 T10%--&'()-c1FGILMPQRhL0 T1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1RSTUVWXz^B&0 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1MX' 2FQ
T10%--&'()-c1 T10%--&'()-c1XZ\^_`abgK/ T T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1bcdefgz^BgK/ T T10%-- T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1MX' 2FQ T10%--&'()-c1gilnopqrgK/ T T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1rstuvwz^BgK/ T T10%-- T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1MX' 2FQ T10%--&'()-c1wy{|~gG/ T T10%-- T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1uY=G/
T T10% T10%--&'()-c1 T10%--&'()-c1MX' 2FQ T10%--&'()-c1 T10%--&'()-c1hL,
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1qU9hL,  T T10%--&'()-c1 T10%--&'()-c1MX' 2FQ
T10%--&'()-c1 T10%--&'()-c1dD,  T T10 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 



T10%--&'()-c1 T10%--&'()-c1Q5D,  T10%--&'()-c1TMX' 2FQ T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1dD,  T10% T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c15D, MX' 2FQc
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1pP4  T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1:pP4  MX' 2FQ T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1hH4  MX' T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1gH4  MX' T10%--&'()-c
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1zZ:H4
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1MX' 2FQ_?4
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1uY9?4  T10%--&'()-c1 T10%--&'()-c1- T10%--&'()-c1MX' 2FQ
T10%--&'()-c1#%lL,  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1%'()*,uY9lL,  T T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1MX' 2FQ( T10%--&'()-c1,/159;<_C,  T
T10%--&'()-c1  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1<=>?@Az^BC,  T T10%--&'()-c11 T10%--&'()-c1MX' 2FQ
T10%--&'()-c1 T10%--&'()-c1ACEGJOQ_?,  T T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1QUX[\]Q5?,
T10%--&'()-c1MX' 2FQ T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1]^`bdimdD,
T10% T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1moqsuv1D, MX' 2FQ T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1vwxy{}lL,  T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1=lL,  T10%MX' 2FQc
T10%--&'()-c1 T10%--&'()-c1( T10%--&'()-c1( T10%--&'()-c1tT8
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1B&8 T10%--&'()-c1MX' 2FQ T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1dD8 T10%--&'()-c1M T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1 T10%--&'()-c1gD8
T10%--&'()-c1M T10%--&'()-c1 T10%--&'()-c1c T10%--&'()-c1 T10%--&'()-c1
T10%--&'()-c1 T10%--&'()-c1}pO.  s10%&'()- s10%&'()-10--10--10--&
T10%--&'()-c1MX' 2FQ|`D.  s10%a 



810%&'()-/a 810%&'()-/ `l%10%&'()- l%10%&'()- L$10%&'()-` `s10%&'()-gK/  a
810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/z^>gK/  a 810%a 810%&'()-/a 810%&'()-/MaW-  {L=3a 810%&'()-/a
810%&'()-/_C/  a 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/ Z>C/  a 810%a 810%&'()-/(MaW-  {L=3a 810%&'()-/a
810%&'()-/a 810%&'()-/hH, a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/a 810%&'()-/ #%_?, a 810%a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/%'()*-uY9?, a 810%a
810%&'()-/a 810%&'()-/a 810%&'()-/MaW-  {L=3a 810%&'()-/-1456789kO3 aa
810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/La 810%&'()-/a 810%&'()-/a
810%&'()-/9:;<=>z^BkO3 aa 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/MaW-
{L=3a 810%&'()-/>BDEFGHIkO3 aa 810%&'()-/a 810%&'()-/a 810%&'()-/a
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810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/zZ:tT4a 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/MaW-
{L=3cC4a 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/uY=C4a 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/MaW-  {L=3a
810%&'()-/pP0a 81a 810%&'()-/a 810%&'()-/a 
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810%&'()-/a 810%&'()-/1a 810%&'()-/a 810%&'()-/MaW-  {L=3a 810%&'()-/hL0a
81a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
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810%&'()-/a 810%&'()-/MaW-  {L=3tX7a 810%&'()-/0a 810%&'a 810%&'()-/a
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810%&'()-/a 810%&'()-/MaW-  {L=3 "&')cC7a 810%&'()-/0a 810%&'()-/a
810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/)*+,-./z^B&7a
810%&'()-/0a 810%&'()-/a 810%&'()-/(a 810%&'()-/a 810%&'()-/MaW-
{L=3/012356pT7a 810%&'()-/0a 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/a 810%&'()-/679<>@rR2T7a 810a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/MaW-  {L=3@BDGIKN_?7a 810a 8a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/NOPRSTvZ>?7a 810a a
810%&'()-/a 810%&'()-/a 810%&'()-/MaW-  {L=3a 810%&'()-/TUVWXYZ[tX<a 810aa
810%&'()-/-a 810%&'()-/-a 810%&'()-/'a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/[\]^_`az^B&<a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/MaW-
{L=3a 810%&'()-/abcdefgktX8a 810%a 810%&'()-/a 810%&'()-/a 810%&'()-/a
810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/klnopqrz^B&8a 810%&'()-/aa
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810%&'()-/aa 810%&'a 810%&'()-/a 810%&'()-/a 810%&'()-/a 810%&'()-/a
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