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TITLE. _
MANUFACTURE OF ALPHA-OLEFINS

This application claims the benefit of U.S.
Provisional Application No. 60/052,604, filed
July 11, 1997 and of U.S. Provisional Application No.
60/065,538, filed November 14, 1997 and of U.S. Non-
Pro#isional Application No. 09/005,965, filed
January 12, 1998.

: - FIELD OF THE INVENTION
Alpha-olefins may'bé manufactured in high yield

and with very high”selectivity by contacting ethylene
with an iron complex of a selected
2, 6-pyridinedicarboxaldehyde bisimine or a selected
2,6-diacylpyridine bisimine, and usually a selected
activator compound.
' ' TECHNICAL BACKGROUND
Alpha-olefins, especially those containing about 6

to about 20 carbon atoms, are important items of
commerce, with about 1.5 million tons reportedly being.
produced in 1992. The a-olefins are used as
intermediates in the manufacture of detergents, as

- monomers (especially in linear low density

polyethylene), and as intermediates for many other
types of products. As a consequence, improved methods
of making these compounds are of interest.

Most commercially produced a-olefins are made by
the oligomerization of ethylene, catalyzed by various
types of compounds, see for instance B. Elvers, et al.,
Ed. Ullmann’s Encyclopedia of Industrial Chemistry,
Vol. Al3, VCH Verlagsgesellschaft mbH, Weinheim, 1989,
p. 243-247 and 275-276, and B. Cornils, et al., Ed.,.
Applied Homogeneous Catalysis with Organometallic
Compounds, A Comprehensive Handbook, Vol. 1, VCH
Verlagsgesellschaft mbH, Weinheim, 1996, p. 245-258.
The major types of commercially used catalysts are
alkylaluminum compounds, certain nickel-phosphine
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‘complexes, and a titanium .halide with a Lewis acid such

as -AlCl;. 1In ailuof-these processes significant .
amounts of branchéd ard/or internal olefins and/or

diolefins, éréMﬁrodhéed;-,Since in most instanéés these, . . .
are undesired, and often difficult to separate frOm,thenﬁq
" desired linear a-olefins, minimization of these

pyproducts is sought.
SUMMARY OF THE INVENTION
This invention concerns a first process for the
production of a-olefins, comprising, contacting, at a

temperature of about -100°C to about +300°C, a compound . -
of the formula

R? R0

R
(I)
with ethylene and:

(a) a first compound W, which is a neutral
Lewis acid capable of abstracting X an alkyl group or
a hydride group from Fe to form WX, (WR*®)~ or WH™ and
which is also capable of transferring an alkyl group or.
a hydride to Fe, provided that WX is a weakly
coordinating anion; or '

(b) a combination of second compound which is
capable of transferring an alkyl or hydride group to Fe
and a third compound which is a neutral Lewis acid
which is capable of abstracting X, a hydride or an
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alkyl group from Fe to form a weakly coordinating
anion; '
wherein:
.each X is an ‘anion;
~'n is:1, 2'or 3 so that.the total number of
negative charges :on said anion or anions is equal to :

"~ the oxidation'stafe of an Fe atom present in (I);

“R},'Rz and R’ are each: independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group: '

R and Rs'are_each independently hydrogen,

- hydrocarbyl, an inert functional group or substituted

hydrocarbyl; .

R®, R, R, R, R" and R are each
independently hydrogen, hYdrocarbyl, an inert
functional group or substituted hydrocarbyl;

R® is a primary carbon group, a secondary
carbon group or a tertiary carbon group; and

R? is alkyl:

and provided that:

when R? is a primary carbon group néne, one or

two of RY%, RM?

the remainder of-Ru, R

17 . _
and R*' are primary carbon groups, and

13 and RY are hydrogen;

when R? is a secondary carbon group, none or
one of R, R and R' is a primary carbon group or a
secondary carbon group and the remainder-of'Ru, Rn,
and R are hydrogen; ' ,

when R® is a tertiary carbon group all of Rn,

13

R and R are hydrogen; and

any two of R®, R°, RY, RY, RY?, R, RM, RS, R!¢
and R vicinal to one another, taken together may form -
a ring. '

Also disclosed herein is a compound of the formula
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wherein: -
‘each X is an anion;
n is 1, 2..0r 3 so that the total number of

' negative charges on said anion or anions is equal to

the oxidation sate of a Fe atom present in (I);
- 'R, R® and R’ are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert

_ functlonal group..

R? and R are each lndependently hydrogen,

'hydrocarbyl, an inert functional group or substituted
- hydrocarbyl; and

9 10 11 14 pls
R, R, R, R, and R'® are each

independently hydrogen, hydrocarbyl, an inert
functional group or substituted hydrocarbyl; R® is a

primary carbon group, a secondary carbon group or a

tertiary carbon group:;
and provided that:
when R® is a primary carbon group none, one or

two of Rm, R® and R' are primary carbon groups, and

13

the remainder of Rn, R and RY are hydrogen;

8 .
when R is a secondary carbon group, none or

13

2 . \
one of R! and R is a primary carbon group or a

secondary carbon group and the remainder of Rn, Rn,

and RY are hydrogen; and



.-

WO 99/02472: | . : PCT/US98/14306

A

10

15

20

25

X; .

when Rg is a tertiary carbon group all of Rn,
i3 14 ' 8 9 10 11 12
R and R~ are hydrogen; any two of R, R, R, R, R,
Rn, R“, R“, R*® and RY vicinal to one another, taken
together may form a ring.
This invention includes a compound of the

formula

-R9 Rﬂ)

(II)

wherein: _

R, R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group:;

R* and R® are each independently hydrogen,
hydrocarbyl) an inert functional group or substituted
hydrocarbyl; and ' '

rR®, R!?, R!, R, R and R!® are each
independently hydrogen, hydrocarbyl, an inert
functional group or substituted hydrocarbyl; R® is a
primary carbon group, a secondary carbon group or a
tertiary carbon group: ' ' o

and provided that:

when R? is a primary carbon group none, one or

two of R'?, R®? and R are primary carbon groups, and

the remainder of R', R and R' are hydrogen;
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- secondary carbon group and the remainder of R'?, RY,

"when R® is a secondary carbon group, none or
one of R*, R?'and RY is a primary carbon group or a
13
and RY are hydrogen; ' -
when R® is a tertiary carbon ‘group all of R'?,
R and RY are hydrogen; and - . ' '
" any two of R?, R®, R', R', R¥, R, RY, R, R
and R vicinal to one another, taken together may form- -
a ring.

1s

This invention also concerns a second process for
the production of a-olefins, comprising contacting, at
a temperature of abohta-100°c to about +300°C, a Fe(II]
or Fe[III) complex of a tridentaté ligand of the
formula ' ' o

(II)

with ethylene, wherein:

Rl, R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group:; _

R and_R5 are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl;

RB, R"o, Rn, R“, RS apd R!® are each
independently hydrogen, hydrocarbyl, an inert

functional group or substituted- hydrocarbyl;.
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R® is a primary carbon group, a secondary
carbon group or a tertiary carbon group,
and prov1ded that:
when R is a prlmary carbon group none, one or
two of RY?, 3 and RY are primary carbon groups, and
the remainder of R, R?® and R' are hydrogen;
when R® is a'secoﬂdary carbon group, none or

13

one of R12 R and RY is a- primary carbon group or a

secondary carbon group and the remainder of R R13

’

and R' are hydrogen;

when R® is a tertiary carbon group all of R*

R* and R are hydrogen;

10 11 12 13

any two of R®, R®, RY, ®Y, R, R¥, RY

, R®, R

and R vicinal to one another, taken together may form
a ring; '

16

an Fe[II) or Fe[III} atom also has bonded to it
an empty coordination site or a ligand that may be
displaced by said ethylene, and a ligand that may add
to said ethylene.
This invention also includes a compound of the
formula

D

Rs R1 [} +
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wherein:
Rl, R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group:
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-the remainder of'Rm, R

R and__R5 are_each independently hydrogen,
hydrocarbyl, an inert functional group or substituted:
hydrocarbyl,
: Rg, Rm-, R ,---R“, R and Rl_s_ are each

independently hydrogen, hydrocarbyl, an inert

11

‘functional group or substituted hydrocarbyl;

R’ is a primary carbon group, a secondary
carbon group or a tertiary carbon group;
T is hydride or alkyl or any other anionic

-ligand into which ethylene'can insert;

" Y 'is a vacant coordination site, or neutral
ligand capable of being displaced by ethylene;
- Q is a relatively non-coordinating anion; and
P is a divalent (poly)ethylene group of the
formula - {CH,CH;)x~ wherein x is an integer of 1 or

- more;

and provided that:
when R® is a primary carbon group none, one or

two of Ru, R!® and R' are primary carbon groups, and

-1 17 ) 8
3 and RY are hydrogen;
8 . :
when R° is a secondary carbon group, none or one
13
13

secondary carbon group and the remainder of Rn, R,

17 . .
and R°' is .a primary carbon group or a

and R are hydrogen; - , R
when R® is a tertiary carbon group all of Rn,
and R are hydrogen; and ,
any two of R®, R, R, R, R, RS, rRM, R?®, R16

and R’ vicinal to one another, taken together may form

Rn

a ring.
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This invention also concerns a third process for
. the production of a-olefins, comprising, contacting, at
a temperature of about -100°C to about +300°C, ethylene

and a compound of the formula :
' [ L RY ] *

o
5
(IV)
B +
a
Ri® R'S
— — 14
(V)
10 or

10
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‘wherein:

R!, R? and R’ are each iﬁdependently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group; i '

"R! and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl, ' '

rR?, rR'®, RY, R*, RY and R'® are each’
independently hydrogen,'hydrocarbyl, an inert

11 15

functional group or substituted hydrocarbyl;

R® is a primary carbon group, a secondary
carbon group or a tertiary carbon group;

T is hydride or alkyl or any other anionic
ligand into which ethylene can insert;

Y is a vacant coordination site, or a neutral
ligand capable of being displaced by ethylene;

Q is a relatively non-coordinating anion; and

P is a divalent (poly)ethylene group of the
formula - {(CH,CH;),~ wherein x is an integer of 1 or
more; '

and provided that:

11
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8 . L. _
when R" is .a primary carbon group none, one oOr
12 13 '

two of R, R

and:Rn'are primary: carbon groups, and
the remainder oeru, R

¥ and RY are hydrogen;
when Ra-isga~sécondary“carbon:group, none or
one of Rn, R and Rn-is a primary carbon group or a - .
secondary carbon group and the remainder of Rn, Rn,
and R”_are hydiogen;*ﬂ
when R? is a tertiary carbon group all of R,
R?® and R are hydrogen; ahd | " §
any two of R®, R’, R, RY, R'?, R™, R, RY, R

and R'? vicinal to one another, taken together may form

14

a ring.
DETAILS OF THE INVENTION _
Herein, certain terms are used. Some of them are:
e A "hydrocarbyl group" is a ﬁnivalent group

containing only carbon and hydrogen. . If not otherwise

stated, it_is_preferréd that hydrocarbyl groups herein:

contain 1 to about 30 carbon atoms.

e By "substituted hydrocarbyl" herein is meant
a hydrocarbyl group which contains one or more
substituent grbups which aré inert under the process
conditions to which the compound containing these
groups is subjécted. - The substituent.grbups-also-do;~
not substantially interfere with the process. If not
otherwise stated, it is preferred that substituted
hydrocarbyl groups herein contain 1 tp.about 30 carbon
atoms. Included in the meaning of "substituted" are
heterocaromatic rings. :

. By "(inert) functional group" herein is
meant a group other than hydrocarbyl or substituted
hydrocarbyl which is inert under the process conditions
to which the compound containing the group is
subjected. The functional groups also do not
substantially interfere with any process described
herein that the compound in which they are present may
take part in. Examples of functional groups include
halo (fluoro, chloro, bromo and iodo), ether such as
-OR*® wherein R* is hydrocarbyl or substituted

12
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hydrocarbyl. In cases in which the functlonal group .
may be near. &riiron atom, such as R 3 R ' R® ' Ru, Rrﬁ.
and rRY the functional group should not coordinate to.
the iron atom more strongly than the groups in

5 compounds contalnlng R ' R® ' r® ' Rlz, _R1.3, and R which.
are shown as coordinating to the iron atom, that is
they should not displace the desired coordinating
group. : _

_ By an_ "alkyl aluminum compeund",is meant a

10 'COmpouﬁd in which at least one alkyl group is bound to
an aiuminum atom. Other groups such as alkoxide,
oxygen, and halogen may also be bound to aluminum atoms
in the compound, See below for preferred alkylaluminum
compounds. '

15 . By "neutral Lewis base" is meant.a compound,
which is not an ion, which can act as a Lewis base.
Examples of such compounds include ethers, amines,
sulfldes, and organic nitriles. '

e By "cationic Lewis ac1d" is meant a cation

20 'ﬁhich can act as a Lewis acid. Examples of such
cations are sodlum and silver catiomns. ,

. By relatively noncoordlnatlng (or weakly
coordinating) anions are meant those. anions as are -
generally referred to in the art in this manner, and

25 the coordinating ablllty of such anions is known and
has been_dlscussed in the llterature, see for instance
W. Beck., et al;, Chem. Rev., vol. 88 p. 1405-1421
(1988), and S. H. Strauss, Chem. Rev., vol. 93, p. 927-
1942 (1993), both of which are hereby included by

30 reference. Among such anions are those formed from
alkylaluminum compounds, defined above, and X,
including R%A1X", R%ALCIX", R°AlC1,X’, and "R°AlOX™".
Other useful noncoordinating anions include BAF ({BAF =
tetrakis(3,5-bis(trifluoromethyl)phenyl]lborate}, SbF¢ ,

35 PF¢ , and BF[, trifluoromethanesulfonate, p-
toluenesulfonate, (RgSOﬂzN' (wherein R is
perfluoroalkyl), and (CgFs)4B .

13
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e By formation of an a-olefin is meant
formation'of a'COmpOund-(or mixture of compounds) of
the formula H(CHﬁHﬁ)qCH—Cﬁz whereln q is an integer of
1 to about 18.: In most ‘such’ reactlons, a mixture of

compounds w;ll'result which ‘have dlfferlng values of qg;:

and in most reactions to form the a-olefins some of- the..
a-olefins formed will have q values of more ‘than 18.
Preferably less than 50 weight percent, more preferably -
less than 20 weight pereentiof the prbduct mixture will .
have q values over 18. ' The product mixture may contain
small amounts (preferably less than 30 weight percent,
more preferably less than 10 weight percent, and
especially'preferably-less'than 2 weight percent) of .-
other types of compounds such as’ alkanes, ‘branched -
alkenes, dlenes, and/or internal- olefins.

I By'an empty coordination site is meant a
potential coordlnatlon site that ‘does not have a ligand
bound to it. Thus if an: ethylene molecule is in the
proximity of the empty coordination site, the ethylene
molecule may coordinate to the metal atom.

e By e "primary carbon group” herein is meant
a group of the formula -CHp---, wherein the free
valence --- is to any other atom (the bond represented

" by the hyphen is to the benzene ring to which the

primary carbOnrgroup is attached). Thus the free
valence --- may be bonded to a hydrogen atom, halogen
atom, a carbon atom, an oxygen atom, a sulfur atom,
etc. In other words, the free valence --- may be to
hydrogen, hydrocarbyl, substituted hydrocarbyl or a
functional group. Examples of primary carbon groups
include -CH3, =-CH,CH(CHj3),, —-CH,Cl, -CH,CeHs, -OCH; and
-CH,OCHj. - ' ' :

e By a secondary carbon group is meant the

group

wherein both free bonds represented by the dashed lines
are to an aton or atoms other than hydrogen. These

14
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atoms or groupS”may be the same or different. In other
“valences represented:by the dashed lines.
may be hydrocarbyl, substituted hydrocarbyl or.

functional groups. Examples of secondary carbon groups
include -CH(CHj3),, -CHCl,, —CH(Cﬁh)z, cyclohexyl,
~-CH (CH3) OCH3, and -CH=CCHj;.

e By a "tertiary carbon group" is meant a
group of the formula

’
U

___c':':’f‘

wherein the solid line is the bond to the benzene ring
and the three free bonds represented by the dashed
lines are to an atom or atoms other than hydrogen. In
other words, the bonds represented by the dashed lines
are to hydrocarbyl, substituted hydrocarbyl or inert
functional groups. Examples of tetiary carbon groups
include =-C(CHs)s; —-C(CgHs)s, =-CCls, ~C(CHs),OCH;, —C=CH,.
-C(CH3)CH—CH2, and l-adamantyl. : - .

e By a ligand that may add to ethylene is meant

a ligand coordinated to a metal atom into which an .

~ethylene molecule (or a coordinated'ethylene molecule)

may insert to start or continue an oligomerization..
For instance, this may take the form of the reaction

{(wherein L is a ligand):
L

_F/ > ﬁ/pmmﬁL

D Fe
Note the similarity of the structure on the left-hand
side of this equation to compounds (V) and (VI) (see
below) . -

Compounds useful as ligands are diimines of 2, 6-
pyridinedicarboxaldehyde or 2,6-diacylpyridines of the
general formula -

15
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_ (I1)
. wherein all of the "R" groups are as defined above. In

preferred compounds (I) and (II), and all other
5 preferred.compbunds_in which'the following "R" groups

appear: _ o o

R! ‘and Rs_aré methyl or hydrogen; and/or

'Ri, R?, and R3 are all hydrogén;_and/or

'R?, R, R!, R“,"Rls 'a_n:c_i'R16 are all hydrog_en;
10 and/or

R*? and R’ are each independently methyl,
ethyl, propyl or isopropyl, more preferably both are
methyl or ethyl; and/or '

each X is a monovalent anion, more preferably

15 selected from the group consisting of halide and
nitrile. ' ’ '

| It is also preferred that in all compounds in
which they appear: s
. - if R is a'primary carbon'group, RY? is a
20 primary cérbon group and R'? and Rn=ére hydrogen;

if R® is a secondary carbon'group,“R13 is a
pfimary or secondary carbon group, more preferably a
secondary carbon group, and R! and RY are hydrogen.

In all specific preferred compounds in which they
25 appear it is preferred that:

16
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‘R*®> are all hydrogen, and R and R'

R' and R_T" are methyl, Rg, R1_°, Rl_l, R“,- R
R'® are all hydrogen, and R? and Rn; are both methyl;

R’ and R® are methyl, R%, R, R, RY, Rl_5

15 and

. and
16

R are all hydrogen, and R? and RY are both ethyl; .

R‘ and R® are methyl, R7, Rm, Rl.l,. R“, RY |

17

) ] and
16 are both isopropyl;

R' and R® are methyl, R°, R, R, RY, R"

17

and.
R'® are all hydrogen, and R? and R are both n-propyl;
10 11 14 15

R' and R® are methyl, R°, R, R, R, R
17

and

16

R'® are all hydrogen, and R'? and R'" are both chloro;

and

R' and R’ are methyl, R’ Rlo,. R, R, R

are all hydrogen, and R* and R' are both

* and
R16
trifluoromethyl. .

In all of the above specific compounds it is

preferred that X is selected from the group consisting

- .of chloride, bromide and nitrate, and more preferably

that it is chloride. _ . .
- Compounds such as (II) and may be made by the

‘reaction of a compound of the formula

(III)
with a compound of ‘the formula H,NR® or H,NR’, wherein
R® and R’ are as described above. These reactions are
often catalyzed by carboxylic acids, such as formic
~acid. Reactions such as these are described in
Examples 1-3. -

The iron complexes may be formed by reacting the

‘appropriate tridentate ligand with an iron salt such as

an iron halide or a compound such as iron [III)

nitrate. See Examples 4-6 for preparation of iron
complexes.

17
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In the first oligomerization process (to produce
a-olefins) described herein an: iron complex (I) is
contacted with: ethylene and a neutral :Lewis acid W _
capable of abstracting X7, hydride or alkyl (R*®y from
(I) to form a weakly coordinating anion, and must
alkylate or be capable of-adding'a-hydride ion to the
iron atom, or an additional alkylating agent of an .
agent capable of adding a hydride anion to the iron
atom must be preéent. The neutral Lewis acid is
originally uncharged (i.e., not ionic). Suitable
neutral Lewis acids include SbFs, Ar;B (wherein Ar is

'aryl), and'BFgQ "Suitable cationic Lewis acids or

Bronsted acids include NaBAF, silver
trifluoromethanesulfonate, HBF,, or [CgHsNH(CH3),]
[B(CgFs)4] . In those instances in which (I) (and

‘'similar catalysts which require the presence of a
‘neutral Lewis acid or a cationic Lewis or Bronsted

acid), does not contain an alkyl or hydride group
already bonded to the iron atom, the neutral Lewis acid
or-a_cationic-LeWis-or'Bronsted-acid=élso alkylates or
adds a hydride to the iron or a separate alkylating or
hydriding agent is present, i.e., causes an alkyl group
(Rmﬁ-or hydride to become bonded to the iron atom.

It is preferred that R? contains 1 to 4 carbon -

 atoms, and more preferred that R? is methyl or ethyl.

For instance, alkyl aluminum compounds (see next
paragraph) may alkylate (I). However, not all
alkylaluminum compounds may be strong enough Lewis
acids to abstract X~ or an alkyl group from the iron
atom. In that case a separate Lewis acid strong enough

to do the abstraction must be present. For instance,

(Ce¢Fs) 3B or (CeHs)3;B are useful Lewis aéids, and could be
used in combihation with, for example, an alkylaluminum
compound such as triethylaluminum. _

A preferred neutral Lewis acid, which can alkylate
the iron, is a selected alkyl aluminum compgund,.such
as R'%;al, RYAlCl,, RYAlCl, and "R'Al0"
(alkylaluminoxanes), wherein R is alkyl containing 1 -

18
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to 25 cérboﬁ atoms, preferably 1 to 4 carbon atoms.
‘Suitable alkyl:aluminum compounds include
methylalumlnoxanes (whlch are ollgomers with the
general formula [MeAlO]n), (CoHs)2A1Cl, C,HsAlCl,, and:
5 . [ (CH3)2CHCH,]3Al.
Metal hydrides such as NaBH4 may be used to bond
hydride groups to the Fe. '
In the second ollgomerlzatlon process described
herein an iron complex of (II) is either added to the
10 oligomerization process or formed in situ in the
process. In fact, more than one such complex may be
formed during the course of the process, for instance-
formation of an initial complex and then reaction of
~that complex to form an active ended oligomer
15 - containing such a complex.._ : :
’ Examples of such complexes which may be formed

1n1t1ally in 51tu include -

9
R ) Rﬂ) +

(IV)

20 and

19
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| N/
wherein the "R" subStitﬁeﬁts-&:e'és_defined above, T!
is hydride or alkyl or any other anionic ligand into
‘which ethylene can insert, Y is a vacant coordination

site, or a neutral 11gand capable of being displaced by
ethylene, and Q is a relatlvely non-coordinating anion.
Complexes may ‘e added dlrectly to the process or

‘formed in situ. For 1nstance, (IV) may be formed by

the reactlon of (I) with a neutral Lew1s ‘acid such as-

“an alkyl aluminum compound. _Another method of forming

such a complex in situ is combining a suitable iron
compound such iron chloride, (II) and an alkyl aluminum
compound. Other iron salts in which anions similar to
chloride are present, and which may be removed by
reaction with the Lewis or Bronsted acid. Foi_instance
iron halides, nitrates and carboxylates (such as
acetates) may be used, particularly if they are
slightly soluble in the process medium. It is
preferred that these precursor iron salts be at least
somewhat scoluble in the piocess medium.

After the ethylene oligomerization has started,
the complex may be in a form such as

20
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(VI)
wherein, as before, the "R" substituents and. Q are as
defined above, and P is a divalent (oligo)ethylene

group of the formula - (CH,CH,),- wherein x is an integer

'of 1 or more. The "end group" on P in this instance is

written as H, since as the oligomerization proéeeds_to.

form oa-olefins, the end group must of necessity be H.

It could at some'time,:éspecially'at_fhe beginning of

the oligomerization, be T'. It is preferred that Fe be

in +2 oxidation state in (I), (IV), (V) and (VI).
Compounds such as (Iv), (V)- and (VI) may or may

not be stable awéY'from an environment similar to that

of the oligomerization process.

(IV), (V) and (VI) may also be used, in the
absence of any "co-catalysts" or "activators" to
oligomerize ethylene in a third oligomerization
process. Except for the ingredients in the process,
the process conditions for the third process, such as
temperature, pressure, oligomerization medium, etc.,
may be the same as for the first and second
oligomerization processes, and preferred conditions for
those processes are also preferred for the third
oligomerization process.
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In all the oligomerization processes herein, the
temperature at which it is carried out is about -100°C
to about +300°C, preferably about 0°C to about 200°C,
more preferably:about 50°C to :about 150°C.. It is

5 preferred to carry out the oligomerization under
ethylene (gauge) pressures from about 0 kPa to about 35 .
MPa, more preferably about 500 kPa to about 15 MPa. It .
is preferred that the oligomerization be carried under
conditions at which the reaction is not significantly

10 diffusion limited. _

The oligomerization processes herein may be run in -
the presence of various liquids, particularly aprotic
organic liquids. The catalyst system, ethylene, and
a~olefin product may be soluble or insoluble in these

15 liquids, but obviously these liquids should not prevent
the oligomerization from occurring. Suitable liquids
include alkanes, alkenes cycloalkanes, selected
halogenated hydrocarbons, and aromatic hydrocarbons.
Specific useful solvents include hexane, toluene, the

20 a-olefins themselves, and benzene.- .

The formation of the a~-olefins as described. herein -
is relatively rapid in many instances, and significant
yields can be obtained in less than an hour. Under the:
correct conditions very high selectivity for an '

25 oa-olefin is shown, see for instande Examples 8-17.

Also under the correct conditions mixtures of
o-olefins containing desirable numbers of carbon atoms
are obtained. A measure. of the molecular weights of
the olefins obtained is factor K from the Schulz-Flory

30 theory (see for instance B. Elvers, et al., Ed.
Ullmann’s Endyclopedia.of Industrial Chemistry, Vol.
Al3, VCH Verlagsgesellschaft mbH, Weinheim, 1989, p.
243-247 and 275-276. This is defined as:

K = n(C,42 olefin)/n(C, olefin)

35 wherein n(C, olefin} is the number of moles of olefin
containing n carbon atoms, and n(Cp; olefin) is the
number of moles of olefin containing n+2 carbon atoms,
or in other words the next higher oligomer of C,
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olefin. From this can be determined the weight (mass)
fractions of the various olefins in the resulting

" oligomeric reacfion:p:OQuct mix;ure;w:The K factor is
preferred to be in the range of-about 0.7 to about 0.8 -

5 to make the a-olefins of the most commercial interest.
It ‘is also important to be ‘able to vary this faétor, so
‘as to produce those olefins which are in demand at the

' moment. Examples 8 to 17 show:that this can be done in
the present oligomerization processes;

‘10~ - - 'The a-olefins made herein may be further
polymerized with other olefins to form polyolefins,

- especially linear lbw.density'polYéthylenes, which are
copolymers containing ethylene. They may also be
homopolymerized. These polymers may be made by a

15" number of known methods, such as Ziegler-Natta-type.
polymerization, metallocene catalyzed polymetization,
‘and other methods, see for instance World Patent .
Application 96/23010, see for instance Angew. Chem.,
Int. Ed. Engl., vol. 34, p. 1143-1170 (1995), European
20 Patent Application 416,815 and.U.S. Patent 5,198,401
' . for information about metallocene-type catalysts, and
'J. Boor Jr., Ziegler-Natta Catalysts and o
Polymerizations, Academic Press, New York, 1979 and
G. Allen, et al., Ed., Comprehensive Polymer Science,
" 25 Vol.. 4, Pergamon Press, Oxford, 1989, p. 1-108, 409-412
' and 533-584, for information about Ziegler-Natta-type
catalysts, and H. Mark, et al., Ed., Encyclopedia of
Polymer Science and Engineering, Vol. 6, John Wiley &
Sons, New York, 1992, p. 383-522, for information about
30 polyethylenes, and all of these are hereby included by
reference. ' _

The a-olefins made herein may be converted to
alcohols by known processes, these alcochols being
useful for a variety of applications such as

35 intermediates for detergents or plasticizers. The
o~olefins may be converted to alcohols by a variety of
processes, such as the oxo process followed by
hydrogenation, or by a modified single step oxo process
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‘(the 'modified Shell process'), see for instance B.
Elvers, et al., Ed., Ullmann’s:Encyclopedia of Chemical
Technology, 5“’Edr;HVola*Ala,uVCHvVerlagsgesellschaft

" mbH, Weinheim; 1991, p. 321-327, which is hereby

included by reference. .

The ethylene oligomerizations herein may also
initially be carried out in the solid state by, for
instance, supporting and active catalyst or catalyst.

precursor on a substrate such as silica or alumina. .If ..

a catalyst precursor, such as an iron halide or

nitrate, it may be activated with a Lewis (such as W,

for instance an alkylaluminum compound) and exposing it
to ethylene. . Alternatively a solution of the catalyst
precursor may be exposed to a support having an
alkylaluminum compound on its surfa¢e;- The support may. .
also be able to take the place of the Lewis or Bronsted . .
acid, for instance an acidic clay such as
montmorillonite. Another method of making a supported
catalyst is to start a polymerization or at least make .
an iron ‘complex of another olefin or oligomer of an
olefin such as cyclopentene on a support such as silica .
or alumina. All of these "heterogeneous" catalysts may

" be used to catalyze oligomerization in the gas phase or
- the liquid phase. By gas phase is meant that the

ethylene is transported to contact with the catalyst
particle while the ethylene is in the gas phase.

Some of the compounds made or used in the Examples
‘are shown below: '
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ExamEle 1
Preparatlon of 2, 6-bls-[l (2-

methylphenyllmlno)ethyl]pyrldlne, (VII)
One g of 2,6- dlacetylpyrldlne and 3.0 ml of
o-toluidine were added to an Exlenmeyer flask with 20 - .

ml of methylene chloride. A stirbar and 35 drops of. 97%
formic acid were added and the flask was sealed and

the solution was stirred for 40 hours. - The solvent was
then removed in vacuo, and the flask was placed in the.
freezer at -30°C. The tesulting viscous oil was washed . -

" with cold methanol, and a yellow solid formed and was -

isolated by filtration and identified by 4 NMR as the . -
desired product (959 mg, 45.9%). 'H NMR (CDCl;): &
8.38(d, 2, Hpy), 7.86(t, 1, Hpye), 7.20(m, 4, Hapy),
7.00(t, 2, Hary), 6.67(d, 2, Hay), 2.32(s, 6, N=C-CHj),
2.10(s, 6, CH;-ary;).

, Examgle 2
Preparatlon of 2 6— bls[l (2—

ethylphenyllmlno)ethyl]pyrldlne, (VIII)

One g of 2,6~ dlacetylpyrldlne and 3.0 ml of 2-
ethylaniline were added to a round-bottom flask with 30
ml of methanol. A stirbar and 5 drops of 97% formic

. acid were added and the.flaSk was sealed and the

solution was stirred for 24 hours at 50°C.  The flask
was then cooled to room temperature and placed in a
freezer at -30°C. After 1 day, yellow crystals had
formed. The crystals were 1solated by filtration and
identified by ,H NMR as the desired product (1.25g,
55.2%). 'H NMR (CDCls): 8 8.38(d, 2, Hpy), 7.86(t, 1,
Hpye) o~ 7.20(m, 4, Hap), 7.07(t, 2, Hary), 6.65(d, 2,
Hary1) » 2-49(d, 4, Hpensya), 2.35(s, 6, N-C-CHj), 1.14(t,
6, CH,CH3).

Example 3
Preparatlon of 2, 6-bls[l (2-

1sopropylphenyllm1no)ethyl]pyrldlne, (IX)

One g of 2,6~diacetylpyridine and 3.0 ml of 2-
isopropylaniline were added to an Erlenmeyer flask with
20 ml of methylene chloride. A stirbar and 5 drops of
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97% formic acid were added, and the flask was sealed
and the solutlon was stirred for 40. hours. The solvent -
was then removed in vacuo, and the flask was placed. in
the freezer at -30°C. The_resulplng viscous o0il was
washed with cold methanol, and a. yellow:solid formed
and was isolated by flltratlon and identified by 'y NMR
as the desired product (1.63" g,_66 8%). 'H NMR
(CDC1l;3): & 8.38(d, 2, Hpyr)y 7.32(d, 2, Harp), 7.18(t, =
2, Hapy1), 7.10(t, 2, Happ), 6.63(d, 2, Hap), 3.00(sept,
2, CH(CHy),), 2.37(s, 6, N=C-CH;}, 1.18(d, 12,
CH(CHs),) . . - ST

Example 4
Preparatlon of 2,6- bls-[l-

(2-methylphegyllm1no)ethyl]pyrldlne 1ron[II] chlorlde

- complex, (X)

(VII) (150 mg, 1.05 eq.) and 84 mg of iron[II]
chloride tetrahydrate were addeq tq a Schlenk flask
with a stirbar. The flask was back-filled twice with
ergon, then charged with 15 ml of_THF;. Stirring was.

begun and continued for 18 h under static argon _
pressure, after which the deep.hlue EOlid was isolated
by filtration and washed with ether and pentane (182
mg, 92%). S |
Example: 5
Preparation of 2 6-bls[1—
(2~ ethylphenyllmlno)ethyl]pyrldlne 1ron[II] chloride
complex (XI) '
(VIII) (300 mg, 1.05 eq.)_and 154 mg of iron[II)
chloride_tetrahydrate were added to a Schlenk fiésk

- with a stirbar. The flask was back-fllled tw1ce with

argon, then charged with 30 ml of THF. Stlrrlng was

~begun and continued for 2 h under static argon

pressure, after which the deep blue solid was isolated
by filtration and washed with ether and pentane (352
mg, 91.7%). ' '
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| Example 6
Preparation of 2,6-bis[1l-(2-
1sopropylphenyllm1no)ethyl]pyrldlne 1ron[II] chloride -
: complex {XITI)

(IX) (200 mg, 1.05 eq.) and+95 mg of iron[II]
chloride:tetrahydrate.were addeddto,a Schlenk flask : .
with a stirbar.  The flask was back-filled twice with
arqon,-then'charged'with-15-ml of THF; Stirring was ;-

begun and continued for 6 h under static argonm
pressurey after which the deep blie solid was isolated. -
by filtration and washed w1th ether and pentane (160
mg, 64. 0%) .

Examples 7- 23 and Comparatlve Example A

In these examples, all pressures are gauge
pressures of ethylene. Lo :
 General procedure for: Examples 7, 18 and 19: The

‘iron complex was weighed out and-added to a flame-dried

250 ml Schlenkiflask with a stirbar. - The flask was
back-filled at least twice with ethylene, then the
flask was charged with the 50 ' ml:toluene. While
stirring,.l ml of modified-methylaluminoxane'(Akzo
Chemical, ~7% by weight of aluminum in heptane) was -
added via'syringe,:and the.reactibn:was:alloﬁed to run
under a constant (atmospheric). pressure of ethylene.
The oligomers were isolated befirst'adding acetone to
the oligomerization to destroy'any'remaining activator
and then by removing the solvent in vacuo. The "K"
values and purity of the olefins produced was
determined by gas chromatography. The "K" value was
calculated from the ratio of C,¢/C;s compounds in the-
product mixture. ' '

General procedure for Examples 8~17, 20-23 and
Comparative Example A: A 1 L Parr® reactor was heated
under vacuum overnight, then back-filled with argon.
The reactor was charged with 150 ml of toluene or
hexane, and pressurized to 1.4 MPa with ethylene. The
reactor was depressurized, and then the iron complex
was added (either as a solid or a solution/suspension)
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together with 50 ml of toluene to the reactor under
positive argon.pressure. 'Then modified 1 ml modified -
methyl aluminoxane solution (as above), was added, and
then the reactor was quickly repressurized while
stirring the reaction. ' After depressurizing the
reactor, the oligomers were isolated'in.the same manner
described above. Gas Chromatography was again used to
determine the product-purity and "K" values. _
Details about these examples and their results are
found in Table 1. " Reaction conditions given are the.
ethylene:pressure used;.temperature} reaction (rxn)
time, and the composition and amount of the iron
complex. "Solvent” was toluene for all examples,
except Examples 20 22 whlch were done in hexane, and.
Example 23 whlch was done in 95 5 (v:v)
hexane:l-pentene. Table 1 also lists solid product
isolated, the amount of olefin 1solated after applying
vacuum, and the total yield, which is the total of the
solids plus olefln isolated, plus olefin lost during

. vacuum treatment, as calculated using K, the Schulz-

Flory factor. The TOF, the moles of ethylene
ollgomerlzed per hour per mole of iron compound based
on the total yield, are also llsted,.as are the
percentages of a-olefin, based on the total amount of
olefin present afterfegposure.to vacuum.
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Table 1
Ex. No. Iron Iron pressure | T(°C) | rxn. time solids isolated total K % alpha TOF
Complex | Complex Mpa - 8 g g i
. . .|  pmole : S R e 1 ) e
7 (X) ‘5.7 0.00 " 25 3h " 4.86 ] 12,01 ] 18.63 81 84° ] 48,000
8 X) 0.13 1.4 35. 1] 2h 1.5 68.1 | 111§ 14 >99% 15.5x1 0° - |
9 X) 0.13 2.8 - 80 2h - - 175.0 ] 3156 a3 >99% 44.0x10°
10 (X) 0.13 4.1 90 | 30 min. - 1149 | 2049 | .70 >997 114.2x10° |
1 (X) 0.13 2.8 90 | 30 min. - 746 136.1 .| .70 >997 75.8x10°
12 (X) 0.13 1.4 920 30 min. - - 363 684 .70 >99% | 38.lx10_°_
w 13 X) 0.10 14 | 60 | 30min. - 200 363 73 >0 153xi0° |
© 14 - (X) 0.09 28 . 60 { 30 min. - - 5327 949 | .73 >99¢ 72.1x10°
15 X) 0.09 41 | 9 | 30min. . - 1334 |- 245.3 .70 >99% 186.4x10°
16 (X0 0.13 14 60 |. 30 min. 14.1 10.7 . 313 1 .19 >99 17.1x10°_ |
17 (XD 0.11 2.8 60 30 min. 18.0 . 94 31.1 .79 >99 19.7x10° |
18 [0.4)) 2.2 - 0.00 - 25. ih 27 24 5.0 81 '>98". [ . 81,000 -
19 X1 2.1 0.00 25 | “th 32 | 94 4.12 .87 >99 81000 | .
20 (X1) 0.036 mg 14 50. | 30 min. - - 176 - 242 082 >99 24.1x10° |
21 “(X1) 0.027 mg_ 2.8 50 30 min. - 176 | 224 082" >99 29.8:&_10u :
22 (X 0.025 mg 4.1 50 { 30min. - 16.4 -20.8 0.82 >99 29.5x10° |
23 X) 0014 mg 2.8 50 30 min, - 10.7 172 074 | >99 39.9x10
A (X1 2.0 1.4 30 30min. - - <1.0 8 - 772 1} -

? Product mixture contained up to S mole percent of branched a-olefins,

TLYT0/66 OM.
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: Example 24
In a drybox, 20 mg (43 pmol) of .(X) and 66 mg (129

pmol) of tri%(péntafluorophenyl)boraﬂé:were added to
914 mg of biphenyl.. The solids were ground together .
into a powder and 100 mg of. this powder [cdntaining 2.0
mg of (X)] was added to a flame-dried Schlenk flask.
which contained a magnetic stirring bar. The flask was

. sealed with a septum and transferred to a Schlenk

manifold, the backffilled 3 times with ethylene. The
flask was then charged with 30 -ml toluene while under

‘ethylene. Stirring was begun and 0.24 ml (1.9 M in

toluene, 106 eq) of triethylaluminum was added via
syringe. The reaction was run for 1.5 h, during which
rapid uptake of ethylene withoutxletup was observed.
The reaction was terminated by adding acetone, and the
product were analyzed by GC. The total yield of ,
product was 8.64 g, TOF = 48,200/h, K was 0.72, and the

- mole percent linear alpha olefin was >96%.
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CLAIMS
What is claimed is: - S

o lQ.A-prbcess~for thé;prOductionfof o-olefins,

comprising, cdﬁtactiﬁg, at a‘temperature of about

-100°C' to about +300°C, aﬂcompouﬁd'of the ' formula

R? R

. '.R“’.'_ R
Nés)

with ethylene and: - = _ , _
(a) a first compound W, which is a neutral
Lewis acid capable of abstracting X an alkyl group or
a hydride group from Fe to form WX, (WR?’)” or WH™ and
which is also capable of transferring an alkyl group or
a hydride to Fe, provided that WX is a weakly
coordinating anion; ox _ '

- (b) a.combination'of;second compound which is
capable of transferring an alkyl or hydride group to Fe
and a third compound which is a neutral Lewis acid
which is capable of abstracting X, a hydride or an
alkyl group from Fe to form a weakly coordinating
anion;

wherein: .
each X is an anion;
n is 1, 2 or 3 so that the total number of
negative charges on said anion or anions is equal to.
the oxidation state of an Fe atom present in (I);
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R!, R® and R® are each indepefidently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group; | o

R' and R® are each independently hydrogen,

5 hydrocarbyl, an inert functional group or substituted - -
hydrocarbyl; _
| Rr°, R, RY, RY, R
independently hydrogen, hydrocarbyl, an inert

functional group or substituted hydrocarbyl;
10 - R%
carbon group or a tertiary carbon group; and

rR* is alkyl;
‘and provided that:

10 15

and R'® are each

is a primary carbon group, a secondary

_ when R® is a primary carbon group none, one oOr
15 two of'Rn, R and RY are primary carbon groups, and
' the remainder of Rn, R* and RY are hydrogen;
: whén R® is a secondary carbon group, none or
one of Rn, R and R' is a primary carbon group or a
secondary carbon group and the remainder of Rn, Rn,
20 and R' are hydrogen;
' when R® is a tertiary carbon gro@p all of RY,
and RY are hydrogen; and
'~ any two of rR®, R, R1°,_ R_u, _
“and RY vicinal to one another, taken together may form
25 a ring.

R13

R12' R13, _R14' R15’ . R16

2. The process as recited in claim 1 wherein:
R' and R® are-ﬁethyl.or hydrogen;
R, R?, and R® ‘are all hydrogen;
. R9, Rlo, Rn, Rlz, R13, R“, R® _and.R16 are all
30 hydrogen; and _ _ .
R® and R' are each independently methyl, ethyl,
propyl or isopropyl. ,.
3. The process as recited in claim 1 wherein:
. R and R® are methyl or hydrogen;
35 R*? |
' R® and R' are each independently methyl, ethyl,
- propyl or isopropyl.

‘and R" are hydrogen; and

4. The process as recited in claim 1 wherein:
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R* and R* are methyl or hydrogen;
R} and R* are hydrogen; and =
R® and RY are7both méthyl.
5. The prOCess"aS'recitéd’in claim 2 wherein R®
5 and rY’ are both methyl or ethyl. _
6. The process as recited in ¢claim 1 wherein:
R' and R® are methyl, R®, R', R, R, R®?, R,

5 and R are all hydrbgen,'RP and R are both methyl ;.

R
or
10 - RY and R® are methyl, R®, RY, R, R¥, R, RY,
R* and R!® are all hj(d"rogen,' R? and RY are both ethyl; .
or :

q 11

4 10 11 14

R! and R® are methyl, R%, R!?, R, R??, R, rY,
~ RY and R'® are all hydrogen, R® and R!’ are both
1S isopropyl; or ' : '
" R* and R® are methyl, R?, RY, R', R'?, R'?, RY,
R¥ and R'® are all hydrogen, R? and R' are both n-
propyl; or IR ' ' - .
R? and R®> are methyl, R%?, R'®, R, R'?, RY?, RY,
20. R* and R?® are~all-hydrogen,-RP and R}’ are both chloro;
or e

12

13

L pl4

R' and R® are methyl, R?, R, R, R'?, RY?, RY,
R'® and R'® are all-hydrogen;“Rp and R are both
trifluoromethyl. o S
25 7. The process as recited in claim 1 wherein said
temperature is about 50°C to about 150°C.
8. The process as recited in claim 1 wherein an
ethylene pressure is about 500 kPa to about 15 MPa.
9. The process as recited in claim 1 wherein a
30 factor K is about 0.7 to about 0.8. '
10. The process as recited in claim 1 wherein W is
an alkyl aluminum compound. '
~ 11. The process as recited in claim 10 wherein
said alkyl aluminum compound is an alkyl aluminoxane.
35 12. The process as recited in claim 1 wherein:
if R® is a primary carbon group, R is a
primary carbon group and R and R' are hydrogen; or

34



B 11 |11 N——

if r® is a secondary carbon group, R® is a
primary or secondary carbon group-,.;_le'nd-R12 and R"" are ..
. hydrogen. -

13. A compound of the formula
Rs Rﬂ)

A1)
.whereln
each X is an anion;
n is 1, 2 or 3 so that the total number of
10 negative charges on sald anion or anions is equal to
the oxidation sate of a Fe atom present in. (I);

Rl, R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydiocapbyl,:or an inert
functional group, _ L

(15 R and R® _are each 1ndependently hydrogen,
hydrocarbyl, an 1nert functional group or substituted
hydrocarbyl; and

R®, R, Ru,_ R“, R
independently hydrogen, hydrocarbyl, an inert

,20' functional group or substituted hydrocarbyl; R® is a

15 '
~and . R are each

primary carbon group, a secondary carbon group or a
tertiary carbon group}
and prov1ded that: _
_ when R® is a prlmary carbon .group none, one or
25  two of R'?, R
the remalnder of Rn, R

and R* are primary carbon groups, and

13 and R are hydrogen;
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8 ... . . 3 .
when R’ is a secondary carbon group, none or

‘one of R! 'Rn-and R' is-a primary carbon grbup or a

secondary carbon group and the -remainder of r'?, R"
and R' are hydrogen,~ oo

when R® is a tertlary ‘carbon group all of R
R and R are hydrogen; -and.:

10 11 12 13 14 15

~any two of R%, ®’, R', RY, R, RY, RM, R", R'

"and RY vicinal to one another, taken together may form

a ring. _
" 14. The compound as reoited in claim 13 wherein:
R and,Rs_are methyl-or hydrogen;
Rl, Rz, and R® are all hydrogen; :
R, R'%, R, R™, RY, RY, R" and R™ are all
hydrogen; and - ' .
R® and R!’ are each independently methyl, ethyl,
propyl or isopropyl. |
 15. The compound as recited in claim 13 wherein:
R*® and R® are methyl or hydrogen; and
R® and R! are each independently methyl, ethyl,
propyl or isopropyl. . .
16 The compound as rec1ted in claim 13 whereln'
‘R* and R® are methyl or hydrogen, and
R and RY are both methyl or ethyl.

- 17. The-compound as recited in claim 14 wherein
12

R'? and R} are both methyl or ethyl.
18. The"compound as recited in claim 13 wherein:
R* and R® are methyl, R°, R', R”, rR*?, rY, RY,
R!® and R'® are all hydrogen, R® and R' are both methyl;
or -
R* and R’ are methyl, rR°, R, R“, r*, Rr!?, RY,
R*® and R are all hydrogen, R® and R!’ are both ethyl;

or _
| and R® are methyl, Rg, R1°, Rn, Rlz,"Rn, R“,
R and R!® are all hydrogen, R® and R'’ are both
isopropyl; or

R and R® are methyl, R®>, RY, RY, R}, R, RY,
R and R*® are all hydrogen, R® and R both n-propyl;
or
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- R® and R® are methyl, R’, R'’, R, R, R”, R,
R* and R'® are all hydrogen, Ra and rRY’ are both chloro; -

or , , :
- R* and R® are methyl, R°, R, R, R¥, R?, RY,
5 R and R'®.are all hydrogen, RP_and Rv_are both
trifluoromethyl. '

19. The compound as recited in claim 13 wherein
each X is monovalent-anion.

.20. The compound as recited in claim 13 wherein:
10 . L . if RP is a primary carbon grqup;_R13 is a
._primaryecarbon,groupsan¢.R¥ and RY are hydrogen; or

-if_Ratis a secondary carbon group, R}

is a
primary or secondary carbon group, and R and R are .
hydrogen. _ o
15 . 21. A compound of the formulé
. R® R
(I1)
wherein:

R}, R? and R? are each independently hydrogen,
20 hydrocarbyl, substituted hydrocarbyl, or an inert
functional group; _.
R! and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl; and '
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| R’, R, R*, R", R and R' are each
independently hydrogen; hydrocarbyl, an inert
8

functional group or substituted hydrocarbyl, R" is:a

prlmary carbon group, a secondary carbon group or a.
tertlary carbon group;- '
and prov1ded that:

when R® is a prlmary carbon group none, one or

two of R, R¥® ‘and R -are prlmary carbon groups, and -

the remalnder of RY? Rn and R are hydrogen;
when R is a secondary ‘carbon group, none or

one of R'? R13 and RY is a primary carbon group or a .
secondary carbon group and the remalnder of R'? Rn,;---
and R are hydrogen, '

when R® is a tertlary carbon group all of R

R? and R are hydrogen, and . _ : _
any two of R’ rR?, R, R, R'?, R!3, RY, R!%, R!®

and R* vicinal to one another, taken together may form -

- a ring.

~22. The compound as recited in claim 21 where1n°
R* and R® are-methyl or hydrogen;
R}, R, and,Ra_are_all hydrogen;
R, R, RY, R'?, RY, R, R' and R'® are all
hydrogen; and S -
R® and RY are-each_independently methyl, ethyl,
propyl or isopropyl.
23. The compound as recited in clalm 21 wherein:
R* and R® are methyl or hydrogen; and
R® and R are each independently methyl, ethyl,
propyl or isopropyl.
24. The compound as recited in claim 21 wherein:
R' and R® are methyl or hydrogen; and
R® and R' are both methyl or ethyl.
25. The compound as recited in claim 23 wherein R®
and R are both methyl or ethyl.
26. The compound as recited in claim 21 wherein:
R* and R’ are methyl, R, RY, RY, R, RY, RY,

1% and R!® are all hydrogen, R? and R' are both methyl;

R
or
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R® and R® are methyl, R’, R*’, R", R'?, R, R",

R'® and R'® are, all hydrogen, R® and:gg_z__;? are both ethyl; .
or | |

12

and R® are methyl, R°, RY, R, R', R, RY,

R
5 R and R'® are all hyd_ré,gen, R? and R' are both
isopropyl; or . o B _ ;
R® and R’ are methyl, 'Rg, R1°, Rn, Rn, R13, R“,
R*® and R!® are all hydrogen, R® and R'’ are both n-
propyl; or I ' o
10 R' and R® are methyl, r’, R'°, R', RY, R, RY,
R and R'® are all hydrogen, _:'-'Ra and RY are both chlorol;:
or

4

15

R® and R® are methyl, R°, R, R, R¥, R, R
R'® and R'® are all-hydrogen,' R® and R!’ are both

15  trifluoromethyl.

’
1

27. The compound as recited in claim 13 wherein:
if R® is a primary carbon group, R¥? is a
primary carbon group and R'? and RY are hydrogen; or

if R® is a secondary carbon group, rR:

is a
20 primary or secondary carbon group, and R} and RY are
hydrogen. , _ :
28. A process for the production of a_.—qlefins,
comprising conta_c_tiﬁg, at a témperature._of about -100°C
to about +300°C, a 'Fe[-I_-I] or Fe[III] complex of a

25 tridentate ligand of the formula
_ R? R0




-_—

WO0-99/02472 | ”!'I"c! ”m! ",ﬂ” "l’s' ” l!" PCﬁ‘MS9$714306

with ethylene, whereln.

R ’ R? and R® are each 1ndependently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional- group,. AR

5 _ R' and R’ are each 1ndependently hydrogen,
hydrocarbyl, an inert functional group or substituted .
hydrocarbyl; e ”

R?, Rm, Ru; R.“, R™ and R'® are each
independently hydrogen, hydrocarbyl, an inert

10 functional group or substituted hydrocarbyl;
R® is a primary carbon group, a secondary
carbon group or a tertiary carbon group,
and prov1ded that:
when R® is a primary carbon group none; one or
15 two of RY, RV
' the remainder of R'?, R

and R'" are primary carbon groups, and
3 and RY ‘are hydrogen;
when R® is a secondary carbon group, none or
one of Rn, R and RY is a primary carbon group or a
secondary carbon group and the remainder of Rn, R,
20 and RY are hydrogen,
when R® is a tertiary carbon group all of R*?
"R” and R are hydrogen, :
any two of R® . Rr? ’ Rl‘_)-,_ Rn, Rlz, R, -R_“', '-Rls, R

and R' vicinal to one another, taken together may form -

13 16
25 a ring; : . :
an Fe[II] or Fe[III] atom also has bonded to it
an empty coordination site or a ligand that may be
displaced by said ethylene, and a ligand that may add
to said ethylene. |
30 29. The process as recited in claim 28 wherein:
R! and R® are methyl or hydrogen;

Rl, Rz, and R® are all hydrogen;

Rg, R1'°, Rn, Rlz, Rn, R“, R® and R!® are all
hydrogen; and _ :
35 R® and R' are each independently methyl, ethyl,

propyl or isopropyl.
30. The process as rec1ted in claim 28 wherein:
R? and R’ are methyl or hydrogen; and
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-propyl; or

R® and RY’ are each independéﬁtly methyl, ethyl,.
propyl or isopropyl. _ :
31. The process as recited in claim 28 wherein:
R' and R® are methyl or hydrogen; and
‘R® and ‘RY are both methyl or ethyl.
-+ 32. The process as recited in claim 28 wherein R®
and R are both methyl or ethyl.
. 33. ‘The p‘rbcess as recited in claim 28 wherein:
R' and R® are methyl, R°, RY, R, R, R'?, RY,
R and R! are all hydrogen, R® and R are both methyl;
.4

1 12
R

and R® are methyl, Rg, Rm, R, R, R

14
» R,

RY and R are all hydrogen, R® and R! are both ethyl;
or '

R* and R’ are methyl, R®°, R!’, R, R'?, R'?}, RY,

R and R'® are all hydrogen, R?® and RY are both
isopropyl; or _

: R and R® are methyl, R9, R1°, Ru, Rlz., R, R”,
and R are all hydrogen, R® and R' are both n-

4 12

13

RIS

4

. 10 12 13
R

and R® are methyl, Rg, R, Ru, R™, R, R'l-q,

15

R and R'® are all hydrogen, R?® and R!’ are both chloro; -
or _ ,
| R* and R® are methyl, R’, R, RY, R'?, R®, RY,
R® and R'® are all hydrogen, R? and R are both -
- trifluoromethyl.

34. The process as recited in claim 28 wherein
said temperature is about -50°C to about 100°C.
35. The process as recited in claim 28 wherein an
ethylene pressure is about 500 kPa to about 15 MPa.
36. The process as recited in claim 28 wherein a
factor K is about 0.7 to about 0.8.
37. The process as recited in claim 28 wherein:
if R® is a primary carbon group, RY is a
primary carbon group and R and RY are hydrogen; or.
if R® is a secondary carbon group, RY is a

primary or secondary carbon group, and R* and R!’ are
hydrogen.
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38. A dompound'of the formula

or
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(VI)

wherein:
| R!', R? and R® are each independently hydrogen,
5 hydrocarbyl, substituted hydrocarbyl, or an inert
functional group; N
R* and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl, o
10 Rg, R1°, Ru, -R“, R and R'® are each
' independently hydrogen, hydrocarbyl, an inert
functional group or substituted hydrocarbyl;
R* is a primary carbon group, a secondary
carbon group or a tertiary carbon group;
15 T is hydride or alkyl or any other anionic
ligand into which ethylene c¢an insert;
Y is a vacant coordinatioh site, or a neutral
ligand capable of being displaced by ethylene;
Q is a relatively non-coordinating anion;
20 P is a divalent {(poly)ethylene group of the
 formula -(CH,CH,)x— wherein x is an integer of 1 or
more; and '
T is an end group;
and provided that:
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when Rs-is a primary carbon group none, one or
two of R, R
the remainder of R'?, R

517 s i
and R*' are primary carbon groups, and

13 and RY are hydrogen; -

when R? is a secondary. carbon group, none oOr
one of R, RY and RY is a primary carbon group or a
secondary carbon group and the remalnder of R Rn_,_
and R are hydrogen, _

when R® is a tertiary carbon group all of RY

and R are hydrogen; and
; 10

R13

, R_u’ Ru( R13, R“, R1s’ R
and RY vicinal to one another, taken together may form

a ring.

any two of Rs-, ,Rg,'-,R 16

39. The compound as recited in claim 38 wherein:
R' and R® are methyl or hydrogen;
Rl, Rz, and R’ are all hydrogen;
R’, ", Y, R, RY, R™, ‘R" and R'® are all
hydrogen; and o
R® and R“ are each independently methyl, ethyl,
propyl or isopropyl. .
40. The compound as recited :in clalm 38 whereln'
R' and R® are methyl or hydrogen, and

R? and R' are both methyl, ethyl, propyl or

' isopropyl.

41. The compound as rec:Lted An claJ.m 38 wherein:
R* and R® are methyl or hydrogen, and
R® and RY are both methyl or ethyl.
42. The compound as recited in_claim 39 wherein R®
and RY are both methyl or ethyl. |
43. The compound as recited in claim 38 wherein:
R?! and R’ are methyl, Rg, Rm, ?11, Rlz, Rn, R“,

5 and R'® are all hydrogen, R® and R!’ are both methyl;

R

or

4 10 11 12

~ R" and R’ are methyl, _R_g, R, R, R, R
R and R'® are all hydrogen, R® and R!’ are both ethyl;
or '

13 .14
+ R,

R‘I and R® are methyl, Rg, R1°_, Rn, Rlz, R13, RM,

and R'® are all hydrogen, R? and R” are both
isopropyl; or

15

44



wos9mn2 A O VR —

R* ari'a:F.iis.are methyl, Rg,_ Rlo,i: .--R'n, Rn, RB, R“,

R* and R!® are all hydrogen, R® and RY are both n-
propyl; or . SN
- R* and R® are meth'yl) rR®, R, R, RY?, RY3, R“,'
s R .and R'® are all hYdrbgen, R® and R are both chloro;
or ' ' _ _ .
‘R' and R* are--me_thyl,—-?'Rg, R, RY, R'?, R, RY,
RY® ‘and R are all hydrogen, R® and R are both
trifluoromethyl. IR
10 .~ 44, The compound of claim 38 of formula (IV).
'~ 45. The compound of claim 38 of formula (V).
46. The compound of claim 38 of formula (VI).
47. The cbmpound- as recited in claim 38 wherein:
if R® is é primary carbon group, R? is a
1S primary carbon group and R? and RY are hydrogen; or
if R® is a secondary- carbon group, R is a
primary or secondary carbon group, and R* and RY are )
hydrogen. :
48. A process for the production of a-olefins,
20 comprising, contactiﬁg, at a temperature of about .
-100°C to about +300°C, ethylene and a compound of th_é.
formula

R.. Rr® .

25
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wherein:
R}, R? and R® are each independently hydrogen,

hydrocarbyl, substituted hydrocarbyl, or an inert

functional group;
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R* and R’ are each independenﬁly hydrogen,

‘hydrocarbyl, an inert functlonal group or substituted

R®, 'Ru_’, rY, Rl"--.,!-le--S an’d‘._R16 are each

independently hydrogen, hydrocarbyl, an inert
functional group - or substltuted hydrocarbyl,
R® is a prlmary carbon group, a secondary
carbon group or a tertlary carbon group;
' ' is hydride or alkyl or any other anionic

| ligand into which ethylene can insert;

'Y is a vacant coordination site, or a neutral
llgand capable of being displaced by ethylene,
e Q is a relatively non-coordinating anion;

P is a divalent (poly)ethylene group of the
formula - {CH,CH,) .- wherein x is an integer of 1 or
more; and _
' 'r? is an end group;

and provided that: _

" when R® is a. primary carbon group none, one or
two .of R, R and R are;primary carbon groups, and
the remainder of R ’ R13 and RY are hydrogen;

when R® is a secondary carbon group, none or

R}
one of R 3

and R is a primary carbon group or a .
secondary carbon group and the remainder of Rn,_RB,
and RY are hydrogen;

when R® is a tertiary carbon group all of R*?

and R are hydrogen; and
10
4

13

- any two of R}, R%, R R, Rr'?, R, RY, R', RS
and R vicinal to one another, taken together may form
a.fing; _ o _ : _

49. The process as recited in claim 48 wherein:
R? and Rs_are methyl or hydrogen;
R', R?, and R® are all hydrogen;
R’, R'%, R, R, RY, RY, R’ and R!® are all
hydrogen; and ": : :

- R® and RY are each independently methyl, ethyl,

propyl or isopropyl.

50. The process as recited in claim 48 wherein:

47 This Sheet Has Been Rep
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R* and R® are methyl or hydrogen; and
R® and R'” are each lndependently methyl, ethyl,
propyl or 1sopropyl , L ' :
51. The process as rec1ted in clalm 48 wherein:
R! and R® are methyl or hydrogen; and
Rr® and R!? are both methyl or ethyl
52 The process as recited in clalm 48 wherein R®
and R’ are both methyl or ethyl.
53. The process as recited in clalm 48 whereln.
R* and R® are methyl, R’, R'’, R", R?, R, RY,
> and R'® are all hydrogen,-Re and RY are both

methyl; or : o
¥ and R are all hydrogen, R® and R} are both ethyl;
or ' -

4 J10 11 12

R? and R® are 'methyl, Rg, R, R, R, R13, R“,
> and R are all hydrogen, R® and RY are both
isopropyl; or o _ -
" R* and R® are methyl, R’, R, R, R!?, R', RY,

13 and R'® are;all-hydrogenhlf.and Rv are both n-

R

propyl; or -
4 11

and R® are methyl, Rr%, R, R 14

| R , R12’ Rn' RY,
R and R'® are all~hydrogen,_RP and R’ are both chloro;
or ' o - '
R* and R® are methyl, R?, R, -Rn,- r'2, Rr'3, RY,
R* and R” are all hydrogen, R® and R' are both

trifluoromethyl.

54, The process as recited in claim 48 wherein
said temperature is about -50°C to about 100°C.

55. The process as recited in claim 48 wherein an

- ethylene pressure is about 500 kPa to about 15 MPa.

56. The process as recited in claim 48 wherein a
factor K is about 0.7 to about 0.8.

57. The process as recited in claim 48 wherein
said compound is (IV).

58. The process as recited in claim 48 wherein
said compound (V).
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59. The process as ;ecited in claim 48 wherein

said compound is (VI). _ .
. . 60. The. process as recited in claim 48 wherein:
' . 13

if R is a primary carbon group, R is a

primary carbbn-éroﬁp and R'? énd-R“ are hydrogen; or
if R’ is: a secondary éaxbon group, RY is a _
primafy or sécondary carbon_ggoup; and R'? and RY are
hydrogen. : 2 o
61. Thejprééeés as-recitéd in claim 1 comprising
the additional step of polymériiing said a-olefin. '
62. The process as recited in claim 28 comprising

'the additional step of polymerizing said a-olefin.

63. The process as recited in claim 1 comprising
the additional step of converting said a-olefin to an.
alcohol. ' ' o

64. The process as recited in claim 28.comprising

" the additional step of converting said a-olefin to an

alcohol. o
65. The process as recited-in claim 48 comprising
the additional step;of_polymeiizing said-a—plefin;

. 66. The process as recited in claim 48 comprising
the additional step of converting said a-olefin to an
alcohol. : )

67. The process as recited in claim 1 wherein said
compound is or becomes part of a heterogeneous catalyst.
on a solid support.

68. The process as recited in claim 67 carried out
in the gas phase or liquid phase. _ _:

69. The process as recited in claim 28 wherein
said complex is or be¢omes part of a heterogeneous

.catalyst on a solid support.

70. The process as recited in claim 69 carried out
in the gas or liquid phase. _ |
71. The proéess'as recited in claim'48 wherein
said complex is or becomes part of a heterogeneous
catalyst on a solid support. .

72. The process as recited in claim 71 carried out
in the gas or liquid phase. '
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