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the second olefin to said olefin is at least 50%, wherein the first and the second olefin have been purified by a pretreatment.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



CA 2905209 C 2021/11/09

anen 2 905 209
13 C

(72) Inventeurs(suite)/Inventors(continued): ROBE, EMMANUEL, CH; FRATER, GEOG, CH



Abstract

The invention relates to a method of forming an olefin from a first olefin and a
second olefin in a metathesis reaction, comprising step (i):

5 M) reacting the first olefin with the second olefin in the presence of a compound
that catalyzes said metathesis reaction such that the molar ratio of said compound to the
first or the second olefin is from 1:500 or less, and the conversion of the first or the
second olefin to said olefin is at least 50%, wherein the first and the second clefin have
been purified by a pretreatment.
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Metathesis Catalysts and Reactions Using the Catalysts

Description

This invention relates to alkene metathesis reactions and metathesis catalysts suitable

for use in said reactions.

Alkene metathesis (olefin metathesis) is a reaction between alkenes or olefinic groups, in
which formally alkylidene groups are exchanged between the alkenes or olefinic groups.
Examples of metathesis reactions include cross metathesis, i.e. the reaction between
two different olefins forming a new olefin or new olefins, the ring opening metathesis of a
cyclic diene, which may also proceed under polymerization, the ring élosing metathesis
of a diene, the ethenolysis of an olefin having an internal olefinic double bond to form an
olefin having a terminal olefinic double bond, and the formation of internal olefin(s) from
terminal olefin(s) via homo-metathesis reactions. The latter reaction may be regarded as
a cross metathesis between two identical olefins. More generally, any two identical ole-

fins may be reacted in a homo cross metathesis reaction.

US 2011/007742 A1 relates generally to catalysts and processes for the Z-selective for-
mation of internal olefin(s) from terminal olefin(s) via homo-metathesis reactions. The
method comprises reacting a first molecule comprising a terminal double bond and a
second, identical molecule via a homo-metathesis reaction to produce a product com-
prising an internal double bond, wherein the internal double bond of the product com-
prises one carbon atom from the terminal double bond of the first molecule and one car-
bon atom from the terminal double bond of the second carbon atom, and wherein at least
about 60 % of the internal double bond of the product is formed as the Z-isomer. This

reaction is catalyzed by a compound of formula
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wherein M is Mo or W, R’ is aryl, heteroaryl, alkyl, heteroalkyl, optionally substituted, R?

RZ

and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl, optionally substituted, and R* and R® can be the same or
different and are alkyl, heteroalkyl, aryl, hetéroaryl, silylalkyl, or silyloxy, optionally substi-
tuted, wherein at least one of R* or R® is a ligand containing oxygen bound to M. Prefer-

ably, bidentate structures may be used as ligand R*.

Further compounds based on Mo and W useful as catalysts in metathesis reaction are
known from US 6,121,473, US 2008/0119678 and US 2011/0015430.

Such catalysts usually are applied or have to be applied in a metathesis reaction in a
relatively high molar amount with respect to the molar amount of olefin or olefins in order
to achieve a sufficient degree of conversion of the olefin(s) used as starting material. It is
known that a molar ratio up to 1 : 500 with respect to the applied olefin(s) (molar ratio.
catalyst : olefin(s)) is necessary in order to achieve a conversion of 30 % or more. Ac-
cordingly, and since these catalysts are relatively costive, such reactions are costive at

an industrial scale, and thus often lack industrial applicability.

It is an object of the invention to provide a process for the manufacture of an olefin in a
metathesis reaction and compounds useful as metathesis catalysts that perform metath-
esis in a molar amount as low as possible with respect to the molar amount of the ap-
plied olefin(s) and still allow for a high conversion while optionally providing for a specific
stereoselectivity, and further optionally not only allowing for increased formation of Z-
isomers in a homo-metathesis reaction, but which may beneficially catalyze other me-
tathesis reactions such as cross metathesis or ethenolysis of an olefin having an internal

olefinic bond. Accordingly, the process and the compounds should be able to allow for a
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conversion in a metathesis reaction of at least 30 % when applied in a molar ratio of less
than 1 : 500 with respect to the olefin(s) to be reacted. Such conversion and molar ratio

are considered to allow for a beneficial reaction at an industrial scale.

First aspect of the invention - Metathesis reactions according to the invention and

compounds used in the metathesis reactions according to the invention

According to a first aspect, this object is achieved with a method of forming an olefin

from a first olefin and a second olefin in a metathesis reaction, comprising step (i):

(i) reacting the first olefin with the second olefin in the presence of a compound that
catalyzes said metathesis reaction such that the molar ratio of said compound to
the first or the second olefin is less than 1 : 500, and the conversion is at least 30
%,

wherein as compound that catalyzes said metathesis reaction a compound of the follow-

ing general formula is used:

Rl
N
2
Rsl“n.h”4§(R
R* %3

wherein M = Mo or W, and R', R? R? R°® are selected among residues commonly used
for catalysts of the above formula, and R* is selected such to be a residue R®-X-, wherein
X = O and R® is aryl, optionally substituted; or

X =S and R% s aryl, optionally substituted; or

X = O and R® is silyl; or

X = O and R® is a residue, which is bound to the oxygen atom via a tertiary carbon atom;

or R* and R® are linked together and are bound to M via oxygen, respectively.
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In one embodiment, R' to R® are selected such that a conversion of at least 30 %, or at
least 40 %, or at least 50 %, or at least 60 %, or at least 70 %, or at least 80 % or at least

90 % is achieved.

In one embodiment, R' to R® are selected such that the molar ratio of the compound of
the above formula to first or the second olefin is 1 : 1,000 or less, or 1 : 2,500 or less, or
1:5,000 or less, or 1: 7,500 or less, or 1: 10,000 or less in order to achieve the object

of the invention.

In one embodiment, R to R® are selected such that the molar ratio is less than 1 : 500,
and the corresponding conversion is at least 30%, or at least 40 %, or at least 50 %, or at

least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, R to R® are selected such that the molar ratio is 1 : 1,000 or less,
and the corresponding conversion is at least 30 %, or at least 40 %, or at least 50 %, or

at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, R' to R® are selected such that the molar ratio is 1 : 2,500 or less,
and the corresponding conversion is at least 30 %, or at least 40 %, or at least 50 %, or

at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, R' to R® are selected such that the molar ratio is 1 : 5,000 or less,
and the corresponding conversion is at least 30 %, or at least 40 %, or at least 50 %, or

at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, R! to R® are selected such that the molar ratio is 1 : 7,500 or less,
and the corresponding conversion is at least 30 %, or at least 40 %, or at least 50 %, or
at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, R' to R® are selected such that the molar ratio is 1 : 10,000 or less,
and the borresponding conversion is at least 30%, or at least 40 %, or at least 50 %, or at

least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.
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In one embodiment, R" to R® are selected such that the molar ratio is 1 : 20,000 or less,
or 1 : 50,000 or less, or 1 : 100,000 or less, or 1 : 500,000 or less, or 1 : 1,000,000 or
less, and the corresponding conversion is at least 30%, or at least 40 %, or at least 50

%, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %, respectively.

In one embodiment, the upper limit of the molar ratio of said compound, which catalyzes

said metathesis reaction, to the first or second olefin is 1 : 2,000,000.

in other embodiments, R' to R® are selected such that the molar ratio is from less than 1
: 500 to 1 : 50,000 or less, and the corresponding conversion is from 30 to 100 %, or
from 50 to 100 %, or_60 to 100 %.

in one embodiment, R' to R® are selected such that the molar ratio is from 1 : 1,000 to 1
: 40,000 or less, and the corresponding conversion is from 30 to 100 %, or from 50 to
100 %, or 60 to 100 %.

In one embodiment, R" to R® are selected such that the molar ratio is from 1 : 2,500 to 1
: 30,000 or less, and the corresponding conversion is from 30 to 100 %, or from 50 to
100 %, or 60 to 100 %.

In one embodiment, R' to R® are selected such that the molar ratio is from 1 : 5,000 to 1
: 30,000 or less, or from 1 : 10,000 to 1 : 30,000, or from 1 : 15,000 to 1 : 30,000, and the
corresponding conversion is from 30 to 100 %, or from 50 to 100 %, or 60 to 100 %, re-

spectively.

In one embodiment, the method consists of step (i).

In one embodiment, the first olefin has a terminal olefinic double bond, and the second
olefin has a terminal olefinic double bond, wherein the first and the second olefin are
identical. Accordingly, this reaction may be denoted as a homo-metathesis reaction. This
reaction results in an olefin having an internal olefinic double bond, which is made from

an olefin having a terminal olefinic double bond. Such reaction may also be termed as a
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cross-metathesis reaction between two identical olefins (homo-cross metathesis reac-

tion).

Accordingly, in this embodiment, the invention relates to a method of forming an olefin
having an internal olefinic double bond from an olefin having a terminal olefinic double

bond in a metathesis reaction, comprising step (i.1):

(i.1) reacting the first olefin with the secohd olefin in the presence of a compound that
catalyzes said metathesis reaction such that the molar ratio of said compound to the
first or the second olefin is less than 1 : 500, and the conversion is at least 30 %,

wherein the first and the second olefin are identical,

wherein as compound that catalyzes said metathesis reaction a compound of the follow-

ing formula is used:

wherein M = Mo or W, and R’ to R® are selected such to achieve the object of the inven-

tion.

The reaction as defined in step (i.1) may be performed according to methods and condi-

tions known from the prior art, e.g. known from US 2011/0077421.

In one embodiment, at least 50 % of the internal double bond is formed as the Z-isomer,
further preferred more than 60 %, still more preferred more than 70 %, or more than 80

%, or more than 90 %.
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In another embodiment, the first and the second olefin are different from one another.
Such reaction may be termed as a cross-metathesis reaction between two different ole-

fins._

Thus, in another embodiment, the invention relates to a method of forming an olefin (or

olefins) from a first olefin and a second olefin in a metathesis reaction, comprising step

(i.2):

(i.2) reacting the first olefin with the second olefin in the presence of a compound that
catalyzes said metathesis reaction such that the molar ratio of said compound to
the first or the second olefin is less than 1 : 500, and the conversion is at least 30

%, wherein the first and the second olefin are different from one another;

wherein as compound that catalyzes said metathesis reaction a compound of the follow-

ing formula is used:
Rl

N

| R?
Rsl'lln.M \
Rd
R
R3

wherein M = Mo or W, and R" to R® are selected such to achieve the object of the inven-

tion.

In one embodiment, the first and the second olefin have an internal olefinic double bond,

respectively.

In another embodiment, the first and the second olefin have a terminal olefinic double

bond, respectively.

in another embodiment, the first olefin has a terminal olefinic double bond, and the sec-

ond olefin has an internal olefinic group, or vice versa.
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In one embodiment, the first olefin is an olefin having an internal olefinic double bond and
the second olefin is ethylene. Such metathesis reaction may be termed as ethenolysis.
This ethenolysis reaction results in an olefin or olefins having a terminal olefinic double

bond, respectively.

Thus, in another embodiment, the invention relates to a method of forming an olefin hav-
ing a terminal olefinic double bond from a first olefin having an internal olefinic double

bond and a second olefin, wherein the second olefin is ethylene, comprising step (i.3):

(i.3) reacting the first olefih with the second olefin in the presence of a compound that
catalyzes said metathesis reaction such that the molar ratio of said compound to
the first or the second olefin is less than 1 : 500, and the conversion is at least 30

%, wherein the first and the second olefin are different from one another;

wherein as compound that catalyzes said metathesis reaction a compound of the follow-

ing formula is used:

R2
Rsl'lln.M \
7
R
R3

wherein M = Mo or W, and R to R® are selected such to achieve the object of the inven-

tion.

In one embodiment, the first olefin is a cyclic olefin and the second olefin is a cyclic ole-

fin, wherein the metathesis reaction is a ring opening polymerization metathesis.

Thus, in one embodiment, the invention relates to a method of forming a polymer com-
prising internal olefinic double bonds from a first cyclic olefin and a second cyclic olefin in

a ring opening polymerization metathesis, comprising step (i.4):
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(i.4) reacting the first cyclic olefin with the second cyclic olefin in the presence of a
compound that catalyzes said metathesis reaction such that the molar ratio of said
compound to the first or the second olefin is less than 1 : 500, and the conversion
is at least 30 %, wherein the first and the second olefin are identical or are different

from one another;

wherein as compound that catalyzes said metathesis reaction a compound of the follow-

ing formula is used:

R]
N
s,
RIM...M.\
g
R

R3

RZ

wherein M = Mo or W, and R to R® are selected such to achieve the object of the inven-

tion.

In one embodiment, the first olefin is identical to the second olefin. In one embodiment,

the olefin is selected from norbornene or cyclopentadiene.

In one embodiment, the method consists of step (i.1) or step (i.2) or step (i.3) or step
(i.4).

In a more specific embodiment, the invention relates to a method of forming an olefin

from a first olefin and a second olefin in a metathesis reaction, comprising step (i):

(i) reacting the first olefin with the second olefin in the presence of a compound that
catalyzes said metathesis reaction such that the molar ratio of said compound to the
first or the second olefin is less than 1 : 500, and the conversion of the first or the

second olefin to said olefin is at least 30 %,
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wherein as compound that catalyzes said metathesis reaction a compound of the follow-

ing formula is used:

—

|
N
R_Slln..M\
R
R

wherein

M = Mo or W; R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted; R* and R®
can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, heteroalkenyl,
aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is aryl, optionally substituted; or

X = S and R® is aryl, optionally substituted; or

X =0 and R%is (R7, R®, R®Si; wherein R”, R®, R% are alkyl or phenyl, optionally substitut-
ed; or

X = O and R® is (R, R"", R'®)C, wherein R'®, R"', R'? are independently selected from
phenyl, alkyl; optionally substituted;

or R* and R® are linked together and are bound to M via oxygen, respectively.

In one embodiment, M = Mo or W; R' is aryl, or adamant-1-yl; optionally substituted;
R?is an alky! or cycloalkyl moiety which is bound to M via a tertiary carbon atom such as
—C(CHj3),CeHs or —C(CH3)s; R® is H; R® is alkoxy, heteroaryl, silyloxy; aryloxy; optionally

substituted: and R* is a residue R®-X-, wherein
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X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C, alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C+-C4 alkoxy, halogen, phenoxy, optionally substituted. phenyl, optionally substituted; or
X = S and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C,4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C+-C4 alkoxy, halogen, phenyl, optionally substituted, phenoxy, optionally substituted; or
X = O and R® is triphenylsilyl; optionally substituted; or triisopropylsilyl; or

X = O and R® is triphenylmethyl; optionally substituted; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl, or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R® is t-butyl.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2 6-
diisopropylphenyl, 2,6-di-t-butylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R* is —
C(CHs),CeHs or —C(CHa)s; R® is H; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-
yl; triphenylsilyloxy; triisopropylsilyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-
methyi-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-
diphenyiphenoxy; t-butyloxy; and

R* is R®-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C+-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C4-C4 alkoxy, phenoxy, phenyl, halogen, optionally substituted; or

X = S and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C+-C4 alkoxy, halogen, phenyl, optionally substituted, phenoxy, optionally substituted; or
X = O and R® is triphenylsilyl; optionally substituted; or triisopropylsilyl; or

X = O and R® is triphenylmethyl; optionally substituted; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R® is t-butyl.
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In one embodiment, M = Mo or W: R' is selected from 2,6-dimethylphenyl, 2 6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is ~C(CHs),CsHs or ~C(CHa3)s; R®
is H; R® is selected from pyrrol-1-y! and 2,5-dimethyl-pyrrol-1-yi; and

R* is R®-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C,-C, alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C+-C4 alkoxy, halogen, phenoxy, optionally substituted, phenyl, optionally substituted; or
X = S and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C4-C4 alkoxy, halogen phenoxy, optionally substituted, phenyl, optionally substituted; or
X = O and R® is triphenylsilyl; or triisopropylsilyl; or

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R%is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R® is t-butyl.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl, R? is —C(CH3),CsHs or —C(CHs)s; R®
is H; R® is selected from triphenylsilyloxy or triisopropylsilyloxy; and R* is R®-X-, wherein
X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C;-C, alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C,-C4 alkoxy, halogen, phenoxy, optionally substituted, phenyl, optionally substituted; or
X =S and R®is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C,-C4 alkoxy, halogen, phenyl, optionally substituted, phenoxy, optionally substituted; or
X = O and R® is triphenylsily! or triisopropylsilyl; or

X = O and R® is triphenylmethyl or tri(4-methylphenylmethyl; or

X = O and R%is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R% is t-butyl.



10

15

20

25

30

CA 02905208 2015-09-10

WO 2014/139679 PCT/EP2014/000671

-13-

In one embodiment, M = Mo or W; R' is selected from 2 6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yt; R? is —C(CH3)>CgsHs or —C(CHs)3; R®
is H; R® is selected from 9-phenyl-fluorene-9-yloxy; and R* is R®-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C, alkyl such as methyl, isopropy! or t-butyl, alkoxy, preferably
C+-C,4 alkoxy, halogen, phenoxy, optionally substituted, phenyl, optionally substituted; or
X = S and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C;-C,4 alkoxy, halogen, phenoxy, optionally substituted, phenyl, optionally substituted; or
X = O and R® is triphenylsilyl or triisopropylsilyl; or

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R® is t-butyl.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —=C(CHj3)2CsHs or —C(CHas)s; R®
is H; R® is selected from 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy or 2-methyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; and R* is R®-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C,-C, alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C+-C,alkoxy, halogen, phenoxy, optionally substituted, phenyl, optionally substituted; or
X = S and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C, alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C+-C4 alkoxy, halogen, phenoxy, optionally substituted, phenyl, optionally substituted; or
X = O and R® is triphenylsilyl or triisopropylsilyl; or

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R%is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-y! or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R® is t-butyl.



10

15

20

25

CA 02905208 2015-09-10

WO 2014/139679 PCT/EP2014/000671

-14 -

In one embodiment, M = Mo or W; R' is selected from 2 6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —C(CH3),CgHs or —C(CHa)s; R®
is H; R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triiso-
propylsilyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy; 2,6-diphenylphenoxy; 9-phenyl-fluorene-9-yloxy; t-butyloxy; and
R*is R®-X-, wherein

X = O and R® is pheny!l which bears two substituents in ortho position with respect to O,
or which bears two substituents in ortho position with respect to O and at least a further
substituent in para position with respect to O;

X = O and R® is triphenylsilyl; optionally substituted; or triisopropylsilyl; or

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R%is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = 0 and R®is t-butyl.

In one embodiment, M = Mo or W; R' is selected from 2 6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl, R? is —C(CH3),CgHs or —C(CH3)s; R?
is H; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triiso-
propylsilyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy;  2,6-diphenylphenoxy; 9-phenyl-fluorene-9-yloxy; t-butyloxy;
and

R* is selected from 4-bromo-2,6-diphenylphenoxy, 4-fluoro-2,6-diphenylphenoxy, 4-
methyl-2,6-diphenylphenoxy, 4-methoxy-2,6-diphenylphenoxy, 2,4,6-triphenylphenoxy, 4-
fluoro-2,6-dimesitylphenoxy, 4-bromo-2,6-di-tert.-butylphenoxy, 4-methoxy-2,6-di-tert.-
butylphenoxy, 4-methyl-2,6-di-tert.-butylphenoxy, 4-dimethylaminophenyl-2,6-
diphenylphenoxy, 2,4,6-tri-tert.-butylphenoxy, 4-bromo-2,3,5,6-tetraphenylphenoxy; 4-
bromo-2,6-di(4-bromophenyl)-3,5-diphenylphenoxy; or

) a' Br

TBSO '
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wherein TBS is t-butyldimethylsilyl; or

oy
) @'@ Br

Med '
wherein Me = methyl; or

2,6-diphenylphenoxy, 2,3,5,6-tetraphenylphenoxy, 2,6-di(tert.-butyl)phenoxy; 2,6-
di(2,4,6-triisopropylphenyl)phenoxy; or

triphenyisilyloxy or triisopropylsilyloxy; or

triphenylmethyloxy or tri(4-methyphenyl)methyloxy; or
2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy or 2-methyl-1,1,1 ,3,3,3-hexaﬂuoro—prop-2—
yloxy; or

9-phenyl-fluorene-9-yloxy; or

t-butyloxy.

In one embodiment, residues R* and R® are linked and are bound to M via oxygen, re-
spectively. An example of such a linked residue is the corresponding residue in com-
pounds 105 and 114:

The catalysts may be prepared according to known methods or methods e.g. known from
US 2011/0077421 A1, US 6,121,473, US 2008/0119678 and US 2011/0015430.

The compounds may be advantageously used in metathesis reactions specifiéd above.
Without being bound by theory, it is believed that in particular R* as selected and defined
provides for a high yield and stereoselectivity in the various types of metathesis reac-
tions. Furthermore, the starting materials of the catalysts, in particular the starting mate-
rials used to introduce residue R* into the Mo or W-compound are mostly commercially

available or may be simply prepared according to known methods. This makes the se-
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lected catalysts particularly applicable for industrial purposes, i.e. for alkene metathesis

reactions performed at an industrial scale.

Accordingly, said catalysts may advantageously be applied in various types of metathe-

sis reactions.

In one embodiment of the method according to the invention, the first olefin has a termi-
nal olefinic double bond, and the second olefin has a terminal olefinic double bond,

wherein the first and the second olefin are identical.
In another embodiment, the first and the second olefin are different from one another.

In still another embodiment, the first olefin has an internal olefinic double bond and the

second olefin is ethylene.

In one embodiment, when M = Mo; R' is 2,6-diisopropylphenyl; R? is —~C(CHs;),CgsHs; R® is
H; R* is 1-(4-bromo-2,6-diphenylphenoxy); R® is 2,5-dimethyl-pyrrol-1-yl; or when M is
Mo; R' is 2,6-dimethylphenyl; R? is —C(CH3):CsHs; R® is H; R* is 4-bromo-2,3,5,6-
tetraphenylphenoxy; R® is 2,5-dimethyl-pyrrol-1-yl; the catalysts allow for ethenolysis re-

sulting in a high yield of an olefin having a terminal olefinic double bond.
Other preferred compounds have the following structures:

M = Mo; R' is 2,6-dimethylphenyl; R? is —C(CH;),CeHs; R® is H; R* is 4-bromo-2,3-
diphenylphenoxy; R® is 2,5-dimethyl-pyrrol-1-yl; or M is Mo; R' is 2,6-diisopropylphenyl;
R? is —C(CH3),CsHs; R® is H; R* is 4-bromo-2,3,5,6-tetraphenylphenoxy; R® is 2,5-
dimethyl-pyrrol-1-yl; or M is Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3)2CgHs; R®is H;
R* is 4-methyl-2,3-di-t-butylphenoxy; R® is pyrrol-1-yl; or M is Mo; R' is 2,6-
diisopropylphenyl; R? is —C(CHs),CeHs; R® is H; R* is 4-bromo-2,3-di-t-butylphenoxy; R®
is pyrrol-1-yl: or M is Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3),C¢Hs; R® is H; R* is
2,4,6-tri-t-butylphenoxy; R® is pyrrol-1-yl; or M is Mo; R' is 2,6-diisopropylphenyl; R? is —
C(CHs),CeHs; R® is H; R* is 4-methoxy-2,3-di-t-butylphenoxy; R® is pyrrol-1-yl.
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Further preferred compounds used as catalysts in the method according to the invention

are the following compounds 1 to 291:
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Purification of the first and/or second olefin, respectively purification of a feed-

stock comprising said first and/or second olefin

It has further been surprisingly found that the molar ratio of metathesis catalyst and first
or second olefin or first and second olefin can be further decreased if the feedstock com-
prising said first and/or said second olefin that are to be subjected to said metathesis

reaction is purified prior to its reaction at the catalyst.

In one embodiment, purification is performed such that by-products (contaminants) being
contained in said feedstock are subjected to a physical purification. Preferably, the term
“physical purification” encompasses: distilling said by-products off, or distilling the feed-
stock, or adsorbing said by-products. Accordingly, said by-products may be partially or
completely removed from the feedstock such that they do not negatively affect the cata-

lyst to be employed.

Possible by-products accompanying said first and said second olefin, which are com-
prised in said feedstock, are e.g. water, alcohols, aldehydes, peroxides, hydroperoxides,
protic materials, polar materials, Lewis base (basic) catalyst poisons and two or more
thereof. Accordingly, the by-products are selected from the group consisting of water,
alcohols, aldehydes, peroxides, hydroperoxides, peroxide decomposition products, protic

materials, polar materials, Lewis basic catalyst poisons, and two or more thereof.

In a further embodiment, purification is a chemical purification. Preferably, the term

“chemical purification” encompasses: subjecting the by-products to a chemical reaction.

Accordingly, by means of a suitable reaction, the by-product(s) may be converted to an-

other compound, which does not negatively affect the catalyst to be employed.
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In one embodiment, physical purification comprises means selected from the group
consisting of heat (preferably distillation), molecular sieves, alumina, silica gel,
montmorillonite clay, Fuller's earth, bleaching clay, diatomaceous earth, zeolites,
kaolin, activated metals, metal sulfates, metal halides, metal silicates, activated car-

bon, and soda ash.

In one embodiment, chemical purification comprises means selected from the group
consisting of metal carbonates and metal hydrogen carbonates, acid anhydrides,
metal hydrides, phosphorous pentoxide, metal aluminum hydrides, alkyl aluminum
hydrides, tfialkyl aluminums, metal borohydrides, organometallic reagents, metal am-

ides, and combinations thereof.

In one embodiment, a by-product is a compound that contains at least one proton that is
suitable to react with a compound selected from the group consisting of metal car-
bonates and metal hydrogen carbonates, acid anhydrides, metal hydrides, phosphorous
pentoxide, metal aluminum hydrides, alkyl aluminum hydrides, trialkyl aluminums, metal

borohydrides, organometallic reagents, metal amides, and combinations thereof.

In a further embodiment, purification is performed by means selected from the group
consisting of optionally heat-treated molecular sieves, optionally heat-treated activat-
ed. alumina, optionally heat-treated activated acidic alumina, optionally heat-treated
activated neutral alumina, optionally heat-treated activated basic alumina, alkaline
earth metal hydrides, alkaline earth metal sulfates, alkali metal sulfates, alkali earth
metal halides, alkali metal aluminum hydrides, alkali metal borohydrides, Grignard
reagents; organolithium reagents, trialkyl aluminums, metal bis(trimethylsilyl)amides,

and combinations thereof.

In a further embodiment, purification is performed by means selected from the group
consisting of CaH,, activated Cu, activated Mg, acetic anhydride, calcium sulfate,
magnesium sulfate, potassium sulfate, aluminum sulfate, potassium magnesium sul-
fate, sodium sulfate, calcium carbonate, sodium carbonate, magnesium silicate, po-
tassium chloride, LiAlH4, NaAlH4, iBuAlH, n-butyl lithium, f-butyl lithium, sec-butyl
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lithium, triethyl aluminum, tributyl aluminum, triisopropyl aluminum, trioctyl aluminum,

lithium diisopropyl amide, KHMDS, and combinations thereof.

Accordingly, in one embodiment, wherein said first and said second olefin are comprised
in a feedstock, wherein said feedstock further comprises at least one by-product selected
from the group consisting of water, alcohols, aldehydes, peroxides, hydroperoxides, per-
oxide decomposition products, protic materials, polar materials, Lewis basic catalyst poi-

sons, or a mixture of two or more thereof, the method further comprises step (0) prior to

step (i):

(0) subjecting said feedstock to a physical or chemical or physical and chemical purifica-
tion step, preferably wherein said physical purification is performed prior to the
chemical purification step,
wherein the physical purification step comprises: distilling at least one of said by-
products off, or distilling said feedstock, or adsorbing at least one of said by-
products; and
wherein the chemical purification step comprises: subjecting at least one of said by-

products to a chemical reaction.

In one embodiment, said first and said second olefin are comprised in a feedstock,
wherein said feedstock further comprises at least one by-product selected from the group
consisting of water, alcohols, aldehydes, peroxides and hydroperoxides, peroxide de-
composition products, protic materials, bolar materials, Lewis basic catalyst poisons, or a

mixture of two or more thereof, the method further comprising step (0) prior to step (i)

(0) subjecting at least one of the by-products in said feedstock to a chemical reac-

tion.
In one embodiment, the first and the second olefin are identical.
In one embodiment, the feedstock comprises at least 99 % by weight of the first and the

second olefin based on the total weight of the feedstock, the remainder being by-

products, or at least 99.5 % by weight.



10

15

20

25

30

CA 02905208 2015-09-10

WO 2014/139679 PCT/EP2014/000671

-53 -

After the purification step, in one embodiment, the feedstock comprises at least 99.9 %
by weight of the first and the second olefin, or at least 99.99 % by weight, or at least
99.999 %. '

Without being bound by theory, it is believed that said step (0) transfers by-products be-
ing contained in the olefin and which may react with a metathesis catalyst and thus may
destroy activity thereof, into non-reactive species, thereby further favorably decreasing

the molar ratio of catalyst to olefin.

In one embodiment, the by-products of the feedstock are subjected to an anhydride of an
organic acid. Suitable anhydrides are preferably the anhydrides of aliphatic, cyclic, alicy-
clic organic acids having from 1 to 10 carbon atoms, or an aromatic organic acid having
from 6 to 10 carbon atoms. Such compounds are known in the art or may be produced

according to known methods.
In one embodiment, the organic anhydride is acetic anhydride.

In another embodiment, the by-products of the feedstock are subjected to an organome-

tallic compound of aluminum.

In one em_bodiment, the organometallic compound is of formula R1R;R3Al, wherein Ry,
Rz, and R; are independently selected from an aliphatic, cyclic, alicyclic residue having
from 1 to 10 carbon atoms, or from aromatic residues having from 6 to 10 carbon atoms.
Such compounds are known in the art or may be produced according to known methods.
In one embodiment, the organometallic compound of aluminum is triethyl aluminum,

tributyl aluminum, triisobutyl aluminum, triisopropyl aluminum, or trioctyl.

Trioctyl aluminum is particularly preferred since said compound is stable in contact with
air, i.e. is not-flammable in contact with air, contrary to e.g. triethyl aluminum. This ren-

ders said compound particularly suitable for applications at an industrial scale.
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For the practical realization of the chemical purification step, in one embodiment, the
amount of by-products may be determined, e.g. by known methods such as chromato-
graphical methods. Then, the theoretical amount of compound needed to convert reac-
tive groups of the by-products into non-reactive groups, preferably organic anhydride or

organometallic aluminum compound, is added.

In one embodiment, per mole of by-product, a slight excess of organic anhydride or or-
ganometallic aluminum compound, preferably a trialkyl aluminum compound, preferably
trioctyl aluminum, is added in order to convert said by-product into a species which is not

reactive towards the catalyst.

In one embodiment, if a trialkyl aluminum compound, preferably trioctyl aluminum, is
used in the chemical purification step, per 1 mole of by-product, preferably 1 to.2 mole of
trialkyl aluminum compound, preferably trioctyl aluminum, is used, preferably 1 to 1,5

mole, more preferred 1 to 1,25 mole.

In another embodiment, any excess of organometallic aluminum compound may be de-

stroyed or removed.

In one embodiment, step (0) and step (i) may be performed spatially separated from
each other. Thus, step (0) may be performed in one place or in one reaction vessel, and

step (i) is performed at another place or in another reaction vessel.

In another embodiment, step (0) and step (i) are performed spatially not separated from
each other. Thus, step (0) is performed in one place or in one reaction vessel, and step

(i) is performed in the same place or in the same reaction vessel.

Typically, there are several choices of different and oftentimes complementary means
from which to choose when preparing to purify a contaminated feedstock comprising said
first and said second olefin prior to a metathesis reaction according to the invention.
While neither desiring to be bound by any particular theory nor intending to limit in any
measure the scope of the appended claims or their equivalents, it is presently believed

that the following non-exhaustive and non-limiting list of representative purification meth-



10

15

20

25

30

CA 02905208 2015-09-10

WO 2014/139679 PCT/EP2014/000671

-55-

odologies can be useful in treating feedstocks that contain besides the first and the sec-
ond olefin the specified contaminants [provided the means are compatible with any func-
tional groups on the feedstock and/or with the by-products (contaminants) themselves,
etc.]: (a) a thermal treatment—for example, heating (and/or distilling) a feedstock or a by-
product (e.g., between about 100 °C and about 250 °C, or around 200 °C in some em-
bodirhents —depending on the feedstock’s boiling point, optionally with a purge of an
inert gas such as N, and/or the like) and/or treatment with an adsorbent (e.g., alumina
and the like) can be useful both in decomposing peroxide contaminants and/or decom-
position products thereof or adsorbing contaminants; (b) treatment with an acid anhy-
dride (e.g., acetic anhydride, Ac,0) can be useful in removing moisture, active hydroxyl-
containing materials (e.g., alcohols), and hydroperoxides (via acetylation); (c) treatment
with a desiccant (e.g., silica gel, alumina, molecular sieves, magnesium sulfate, calcium
sulfate, and the like, and combinations thereof) and/or an organometallic reagent (e.g., -
butyl lithium, triethyl aluminum, tributyl aluminum, triisobutyl aluminum, triisopropyl alu-
minum, trioctyl aluminum, and the like, and combinations thereof) and/or metal hydrides
(e.g., CaH, and the like) and/or acid anhydrides (e.g., acetic anhydride and the like) can
be useful in removing moisture; (d) treatment with an adsorbent (e.g., alumina, silica gel,
and the like, and combinations thereof) and/or an organometallic reagent (e.g., t-butyl
lithium, triethyl aluminum, tributyl aluminum, triisobutyl aluminum, triisopropyl aluminum,
trioctyl aluminum, and the like, and combinations thereof) and/or a metal amide (e.g.,
LDA, KHMDA, and the like) can be useful in removing protic materials; (e) treatment with
an adsorbent (e.g., alumina, silica gel, activated charcoal, and the like, and combinations
thereof) can be useful in removing polar materials; (f) treatment with an organometallic
reagent (e.g., f-butyl lithium, triethyl aluminum, tributyl aluminum, triisobutyl aluminum,
triisopropyl aluminum, trioctyl aluminum, and the like, and combinations thereof) can be

useful in removing Lewis basic catalyst poisons; etc.

In some embodiments, the means used to purify said feedstock prior to a metathesis
reaction comprises an adsorbent which, in some embodiments, is selected from the
group consisting of silica gel, alumina, bleaching clay, activated carbon, molecular
sieves, zeolites, Fuller's earth, diatomaceous earth, and the like, and combinations
thereof. In some embodiments, the means is selected from the group consisting of op-

tionally heat-treated molecular sieves, optionally heat-treated alumina, and a combina-
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tion thereof. In some embodiments, the adsorbent comprises optionally heat-treated acti-
vated alumina which, in some embodiments, is selected from the group consisting of op-
tionally heat-treated activated acidic alumina, optionally heat-treated activated neutral
alumina, optionally heat-treated activated basic alumina, and combinations thereof. In
some embodiments, the absorbent comprises optionally heat-treated activated neutral
alumina, which can be useful in treating substrates (e.g., olefins) that are susceptible to

acid-catalyzed isomerization and/or rearrangement.

-‘For embodiments in which the means for purification comprises an adsorbent (e.g., mo-

lecular sieves, alumina, etc.), it is presently believed that the treating of the feedstock
with the adsorbent is more effectively performed by flowing the feedstock through the
means for purification using a percolation- or flow-type system (e.g., chromatography
column) as opposed to simply adding the adsorbent to the substrate in a container. In
some embodiments, about 20 wt% of alumina is used in a column. While neither desir-
ing to be bound by any particular theory nor intending to limit in any measure the scope
of the appended claims or their equivalents, it is presently believed that treating a feed-
stock with alumina on about a 5-to-1 weight-to-weight basis is effective for some embod-
iments. However, it is to be understood that the amount of alumina used is not restricted
and will be both feedstock- and impurity dependent in addition to being impacted by the
form of the alumina, its activation process, and the precise treatment method (e.g., flow
through a column vs. direct addition to container). In some embodiments, the means
used for purifying the feedstock prior to a metathesis reaction comprises a trialkyl alumi-
num which, in some embodiments, is selected from the group consisting of triethyl alu-
minum, tributyl aluminum, triisobutyl aluminum, triisopropy! aluminum, trioctyl aluminum,
and the like, and combinations thereof. While neither desiring to be bound by any par-
ticular theory nor intending to limit in any measure the scope of the appended claims or
their equivalents, it is presently believed that the treatment of a substrate with a trialkyl
aluminum greatly improves feedstock conversions at low concentrations of metathesis
catalyst but that in the presence of excess trialkyl aluminum, catalyst performance is ad-
versely affected. Thus, in some embodiments, a successive agent used to treat the sub-
strate can comprise an adsorbent which can remove excess trialkyl aluminum. In other
embodiments, the amount of trialkyl aluminum used for treatment of the feedstock can be

reduced by first treating the feedstock with a different means of a type described herein



10

15

20

25

30

CA 02905208 2015-09-10

WO 2014/139679 PCT/EP2014/000671

-57 -

(e.g., an adsorbent including but not limited to molecular sieves, alumina, and/or the
like), and then introducing the trialkyl aluminum as a second (or subsequent) means to
remove residual contaminants. In any event, while neither desiring to be bound by any
particular theory nor intending to limit in any measure the scope of the appended claims
or their equivalents, it is presently believed that removal of excess trialkyl aluminum from
organic products should be performed with great caution since use of the wrong adsor-

bent might be unsafe.

In some embodiments, molecular sieves can be used as a means for bulk drying a feed-
stock, “high heat-treated” alumina can then be used as a second means to remove addi-
tional moisture, and finally molecular sieves can be used at the end as a third means for
removing still further residual moisture. In other embodiments, molecular sieves can be
used as a first means for bulk drying a substrate, “high heat-treated’ alumina can then be
used as a second means to remove additional moisture, and finally a trialkyl aluminum
(e.g., triethyl aluminum, tributyl aluminum, triisobutyl aluminum, triisopropyl aluminum,
trioctyl aluminum, and the like, and combinations thereof) can be used as a third means

for removing any further residual moisture.

In one particular embodiment, activated copper powder is used alone or in combination
with another treatment. For example, in some embodiments, activated copper powder is
used in'combination with heat (e.g., 200 °C for at least 2 hours under nitrogen gas), mo-
lecular sieves, and/or a trialkyl aluminum treatment. In another embodiment, activated
magnesium turnings are used alone or in combination with another treatment. For exam-
ple, in some embodiments, activated magnesium turnings are used in combination with
heat (e.g., 200 °C for at least 2 hours under nitrogen gas), molecular sieves, and/or a

trialkyl aluminum treatment.

In another particular embodiment, acetic anhydride is used alone or in combination with
another treatment/means. For example, in some embodiments, acetic anhydride is used
in combination with alumina (aluminum oxide) and/or a trialkyl aluminum treatment. In
other embodiments, acetic anhydride is used in combination with alumina, distillation,
molecular sieves, and/or a trialkyl aluminum treatment. Further, percolation on activated

alumina or molecular sieves can be applied before or instead of the trialkyl aluminum
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In another embodiment, alumina is used alone or in combination with another treat-
ment/agent. In one embodiment, alumina is used in combination with a palladium on car-

bon (Pd/C) catalyst and/or a trialkyl aluminum treatment.

It has further been unexpectedly found that the purification period of the feedstock may
significantly influence efficacy of the chemical purification step. Accordingly, prolonged
purification periods may improve catalytic activity of the compounds used as catalysts in

the metathesis reactions according to the invention.

In one embodiment, preferably when a trialkyl aluminum compound is used for purifica-
tion, preferably trioctyl aluminum, the feedstock is subjected to said compound for a peri-
od of from 2 to 100 h, preferably 5 to 90 h, more preferred 10 to 80 h, and still more pre-
ferred 15to 70 h.

In some embodiments, the purification of the feedstock reduces the level of the at least
one by-product by an amount sufficient to enable the metathesis reaction to proceed at a
molar ratio of the compound of the above formula to the first and/or the second olefin of 1
: 1,000 or less, or 1 : 2,500 or less, or 1 : 5,000 or less, or 1: 7,500 or less, or 1 : 10,000

orless.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of less
than 1 : 500, and the corresponding conversion is at least 30%, or at least 40 %, or at
least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of 1 :
1,000 or less, and the corresponding conversion is at least 30 %, or at least 40 %, or at

least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.
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In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of 1 :
2,500 or less, and the corresponding conversion is at least 30 %, or at least 40 %, or at
least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, the purification provides a molar ratio of 1 : 5,000 or less, and the
corresponding conversion is at least 30 %, or at least 40 %, or at least 50 %, or at least
60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of 1 :
7,500 or less, and the corresponding conversion is at least 30 %, or at least 40 %, or at

least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

in one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of 1 :
10,000 or less, and the corresponding conversion is at least 30%, or at least 40 %, or at

least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of 1 :
20,000 or less, or 1 : 50,000 or less, or 1 : 100,000 or less, or 1 : 500,000 or less, or 1 :
1,000,000 or less, and the corresponding conversion is at least 30%, or at least 40 %, or
at least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %, re-

spectively.

In one embodiment, the purification provides for a lower limit of the compound of the
above formula to the first and/or the second olefin of the molar ratio of 1 : 2,000,000, or 1
: 3,000,000 or 1 : 4,000,000, respectively.
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In other embodiments, the purification of the feedstock reduces the level of the at least
one by-product by an amount sufficient to enable the metathesis reaction to proceed at a
molar ratio of the compound of the above formula to the first and/or the second olefin of
less than 1 : 500 to 1 : 50,000 or less, and the corresponding conversion is from 30 to
100 %, or from 50 to 100 %, or 60 to 100 %.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of
from 1: 1,000 to 1:40,000 or less, and the corresponding conversion is from 30 to 100
%, or from 50 to 100 %, or 60 to 100 %.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of
from 1 : 2,500 to 1 : 30,000 or less, and the corresponding conversion is from 30 to 100
%, or from 50 to 100 %, or 60 to 100 %.

In one embodiment, the purification of the feedstock reduces the level of the at least one
by-product by an amount sufficient to enable the metathesis reaction to proceed at a mo-
lar ratio of the compound of the above formula to the first and/or the second olefin of
from 1 : 5,000 to 1 : 30,000 or less, or from 1 : 10,000 to 1 : 30,000, or from 1 : 15,000 to
1 : 30,000, and the corresponding conversion is from 30 to 100 %, or from 50 to 100 %,
or 60 to 100 %, respectively.

In one embodiment, said method consists of steps (0) and (i).

Mode of addition of the catalyst to the feedstock comprising the first olefin and / or

the second olefin

In another embodiment, it has further been unexpectedly found that the efficacy of the
compound of the above formula used as metathesis catalyst may be improved through

slow addition of the catalyst to the first and/or second olefin. The efficacy may be e.g.
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evaluated by calculating the turn-over-number (TON). In some embodiments, the overall
catalyst loading may be decreased by at least 10 %, at least 20 %, or at least 30 % in
comparison to achieve the same TON as a single, full batch loading. The slow addition of
overall catalyst loading may comprise adding fractional catalyst loadings to the substrate
at an average rate of approximately 10 ppmwt catalyst per hour (ppmwt/hr), Sppmwt/hr, 1
ppmwt/hr, 0.5 ppmwt/hr, 0.1 ppmwt/hr, 0.05 ppmwt/hr, or 0.01 ppmwt/hr. In other em-
bodiments, the catalyst is slowly added at a rate of between about 0.01-10 ppmwt/hr,
0.05-5 ppmwt/hr, or 0.1-1 ppmwt/hr. The slow addition of the catalyst may be conducted
in batch loadings at frequencies of every 5 minutes, 15 minutes, 30 minutes, 1 hour, 2
hours, 4 hours, 12 hours, or 1 day. In other embodiments, the slow addition is conducted

in a continuous addition process.

In one embodiment, the catalyst is slowly added to the substrate at a rate of from

0.01-10 ppmwt catalyst per hour.

In one embodiment, the catalyst is added in portions.

In some embodiments, the feedstock comprising the first and/or second olefin is purified
with at least one means as described in detail above prior to the slow addition of the cat-
alyst. In other embodiments, the slow addition of the catalyst improves the efficacy of the

catalyst independent of any treatment of the substrate.

In one embodiment, the feedstock is purified applying prolonged purification periods

followed by a slow addition of the catalyst.

Second aspect of the invention - Selected compounds suitable for use in metathe-

sis reactions and metathesis reactions according to the invention

According to a second aspect, the invention relates to compounds that may be used in
the method as defined in the first aspect of the invention and in any embodiment de-

fined therein.

In one embodiment, the invention relates to a compound of formula
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wherein

M is Mo or W;

R' is selected from 2,6-dimethylphenyl, 2 6-diisopropylphenyi, 2,_6-di-t—buty|phenyl, 2,6-
dichlorophenyl, adamant-1-yl,

R? is ~C(CHs)2CeHs or —C(CHa)s;

R3is H;

R’ is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-butyloxy; and

R*is R®-X-, wherein

X = O and R® is phenyl which bears at least two substituents, or which bears two substit-
uents in ortho position with respect to O, or which bears two substituents in ortho posi-
tion with respect to O and a substituent in para position with respect to O;

X = O and R® is triphenylsilyl; optionally substituted; or triisopropylsilyl; or

X=0andR®is triphenylmethyl; optionally substituted; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and R® is t-butyl

with the proviso that following compounds are excluded:
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M = Mo; R" = 2 6-diisopropylphenyl; R? = —C(CH3).CgHs; R® = H; R® = 2 5-dimethylpyrrol-
1-yl; R* = 2,6-diphenylphenoxy;

M = Mo: R = 2, 6-diisopropylphenyl; R* = —C(CH3),CeHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = 2,3,5,6-tetraphenylphenoxy;

M = W; R = 2,6-diisopropylphenyl; R? = —C(CH3),CsHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = triphenylsilyloxy; and

M = Mo; R' = 2, 6-diisopropylphenyl; R* = —=C(CHj3),CsHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = triphenylsilyloxy; and

M = W; R' = 2,6-diisopropylphenyl; R? = —C(CHs),CsHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; and

and
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wherein R"is F, Cl, Br, or I.

In one embodiment, R® is phenyl, which bears two substituents in ortho position with re-
spect to O, or which bears two substituents in ortho position with respect to O and a sub-
stituent in para position with respect to O, wherein the two substituents in ortho position

are identical.
In one embodiment,

M= Mo or W,

R' is selected from 2,6-dimethylphenyl, 2 6-diisopropylphenyl, 2,6-dichlorophenyl, ada-
mant-1-yl;

R? is —C(CH3),CsHs or —C(CHs)s;

R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-butyloxy; and

R* is selected from 4-bromo-2,6-diphenylphenoxy, 4-fluoro-2,6-diphenylphenoxy, 4-
methyl-2,6-diphenylphenoxy, 4-dimethylamino-2,6-diphenylphenoxy, 4-methoxy-2,6-
diphenylphenoxy, 2,4,6-triphenylphenoxy; 4-fluoro-2,6-dimesitylphenoxy, 4-bromo-2,6-di-
tert.-butylphenoxy, 4-methoxy-2,6-di-tert.-butylphenoxy, 4-methyl-2,6-di-tert.-
butylphenoxy, 2,4,6-tri-tert.-butylphenoxy, 4-bromo-2,3,5,6-tetraphenylphenoxy;  4-
bromo-2,6-di(4-bromophenyl)-3,5-diphenylphenoxy.

In one embodiment,
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M = Mo or W,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropyiphenyl, 2,6-dichlorophenyl, ada-
mant-1-yl;

R? is —C(CH3)2CsHs or —C(CHa)s;

R®is H;

R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyoxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2-methyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2,6-diphenylphenoxy; and

R? is selected from

: 4
OBr

wherein TBS is t-butyldimethylsilyl;

s
) OI@ Br

MeO '
wherein Me = methyl;

with the proviso that following compounds are excluded:
M = W: R' = 2,6-diisopropylpheny!; R? = —C(CH3),C¢Hs; R® = H; R® = 2,5-dimethylpyrrol-

1-yl; and
R* =

TBSO '

wherein TBS is t-butyldimethylsilyl; and
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M = Mo; R' = 2,6-diisopropylphenyl, 2,6-dimethylphenyl, 2,6-dichlorophenyl, adamant-1-
yl; R? = —C(CHs).CsHs; R® = H; R® = 2,5-dimethylpyrrol-1-yl; and

In one embodiment,

M is Mo or W,

R'is 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl;

R? is —C(CHs),CgHs or —C(CH3)s;

R®is H;

R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-butyloxy;

and

R* is selected from 2,6-diphenylphenoxy, 2,3,5,6-tetraphenylphenoxy, 2,6-di(tert.-
butyl)phenoxy;

with the proviso that following compounds are excluded:

M = Mo; R' = 2 6-diisopropylphenyl; R* = —C(CH3),C¢Hs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = 2,6-diphenylphenoxy; and

M = Mo: R = 2 6-diisopropylphenyl; R* = —C(CH3).C¢Hs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = 2,3,5,6-tetraphenylphenoxy.

In one embodiment,

Mis Mo or W;
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R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl, ada-
mant-1-yl;

R? is —C(CHs),CeHs or —=C(CHs)s;

R3is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-butyloxy; and

R* is a residue R®-X-, wherein X = O and R® is triphenylsilyl;

with the proviso that following compounds are excluded:

M = W: R' = 2,6-diisopropylphenyl; R?> = —C(CH3)2CsHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = triphenylsilyloxy; and

M = Mo; R' = 2 6-diisopropylphenyl; R> = —C(CH3),CsHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = triphenylsilyloxy.

In one embodiment,

M is Mo or W;

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl, ada-
mant-1-yl;

R? is —C(CH3)2C¢Hs or —C(CHa)s;

R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; t-butyloxy; and

R* is a residue R®-X-, wherein

X = O and R® is selected from triphenylmethyl or tri(4-methyphenyl)methyl; 1,1,1,3,3,3-
hexafluoro-prop-2-yl; 9-phenyl-fluorene-9-yl.

In a further embodiment, the invention relates to a compound of formula
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Rl
|
N
2
Rsllu..l\l/ll\ R
e
R

R3

wherein M is Mo or W: R' is aryl, or adamant-1-yl; optionally substituted; R* is —
C(CH3)2CeHs or —C(CH3)s; R® is H; R® is alkoxy, heteroaryl, silyloxy; optionally substitut-
ed: and R* is a residue R®-X-, wherein

X = O and R® is an aryl residue, which bears a substituent in para-position with respect to
0.

In one embodiment, R" is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-
di-t-butylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —C(CH3),CsHs or —C(CHa)s; R® is
H; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; t-butyloxy; and R* is R®-X-, wherein

R® = phenyl substituted in para-position with respect to O and with up to four further sub-
stituents, wherein the substituents are independently selected from alkyl, preferably C;-
C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably C1 C,4 alkoxy, halogen
phenoxy, optlonally substituted phenyl, optionally substituted.

In one embodiment, R* is selected from 4-bromo-2,6-diphenylphenoxy, 4-fluoro-2,6-
diphenylphenoxy, 4-methyl-2,6-diphenylphenoxy, 4-methoxy-2,6-diphenylphenoxy, 2,4,6-
triphenylphenoxy, 4-fluoro-2,6-dimesitylphenoxy, 4-bromo-2,6-di-tert.-butylphenoxy, 4-
methoxy-2,6-di-tert.-butylphenoxy, = 4-methyl-2,6-di-tert.-butylphenoxy,  2,4,6-tri-tert.-
butylphenoxy, 4-bromo-2,3,5,6-tetraphenylphenoxy, 4-bromo-2,6-di(4-bromophenyl)-3,5-
diphenylphenoxy;
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TBSO '

wherein TBS is t-butyldimethyisilyl;

Sy
) ‘O'ﬂ Br

wherein Me = methyl.

In one embodiment, R* is selected from 4-bromo-2,6-diphenylphenoxy, 4-fluoro-2,6-
diphenylphenoxy, 4-methyl-2,6-diphenylphenoxy, 4-methoxy-2,6-diphenylphenoxy, 2,4,6-
triphenylphenoxy, 4-fluoro-2,6-dimesitylphenoxy, 4-bromo-2,6-di-tert.-butylphenoxy, 4-
methoxy-2,6-di-tert.-butylphenoxy,  4-methyl-2,6-di-tert.-butylphenoxy,  2,4,6-tri-tert.-
butylphenoxy, 4-bromo-2,3,5,6-tetraphenylphenoxy, 4-bromo-2,6-di(4-bromophenyl)-3,5-
diphenylphenoxy.

in one embodiment, the invention relates to a compound of formula

1

R
I
N
I R2

Rsllll-.l\/ll S~
R
R

R3

wherein M is Mo or W: R' is aryl, or adamant-1-yl; optionally substituted; R? is —
C(CHs),CsHs or —C(CHs)s; R? is H; R® is alkoxy, heteroaryl, silyloxy; optionally substitut-
ed; and R* is a residue R®-X-, wherein

X = O and R® is an aryl residue, which bears two substituents in ortho-position with re-

spect to O;
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with the proviso that following compounds are excluded:

M = Mo; R! = 2,6-diisopropylphenyl; R? = —C(CH3),CsHs; R® = H; R® = 2 5-dimethylpyrrol-
1-yl; R* = 2,6-diphenylphenoxy (compound 1); M = Mo; R = 2 6-diisopropylphenyl; R? =
~C(CH3).CeHs; R® = H; R® = 2,5-dimethylpyrrol-1-yl; R* = 2,3,5 6-tetraphenylphenoxy
(compound 10).

In one embodiment, R’ is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-
di-t-butylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R® is selected from pyrrol-1-yl; 2,5-
dimethyl-pyrrol-1-yl, triphenylsilyloxy; triisopropylsilyloxy; 2-phenyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-
fluorene-9-yloxy; t-butyloxy; and R* is R®-X-, wherein

X = O and R® is phenyl substituted with up to two further substituents in ortho-position
with respect to O, and wherein all substituents are independently selected from alkyl,
preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably C4-Cs4
alkoxy, phenoxy, phenyl, halogen, optionally substituted.

In one embodiment, R* is selected from 2 6-diphenylphenoxy, 2,3,5,6-

tetraphenylphenoxy, 2,6-di(tert.-butyl)phenoxy.

In one embodiment, the invention relates to a compound of formula

Rl
N

RSMH-.M e
R
R

wherein
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M = Mo or W; R' is aryl, or adamant-1-yl; optionally substituted; R? is —C(CHj3),C¢Hs or —
C(CHa)s; R® is H; R® is alkoxy, heteroaryl, silyloxy; optionally substituted; and R* is a res-
idue R®-X-, wherein

X = O and R® is triphenylsilyl or triisopropylsilyl;

with the proviso that following compounds are excluded:

M = W: R" = 2,6-diisopropylphenyl; R* = —=C(CHs),CsHs; R® = H; R® = 2,5-dimethylpyrrol-
1-yl; R* = triphenylsilyloxy; and M = Mo; R' = 2,6-diisopropylphenyl; R?> = ~C(CH3),CgHs;
R® = H; R® = 2,5-dimethylpyrrol-1-yl; R* = triphenylsilyloxy.

In one embodiment, R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-
dichlorophenyl, adamant-1-yl; R® is selected from pyrrol-1-yl; 2 ,5-dimethyl-pyrrol-1-yi;
triphenylsilyl; triisopropylsilyl; 2-phenyi-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; t-butyloxy.

In one embodiment, the invention relates to a compound of formula

Rl
N
2
Rslln..l\l/ll\ R
e
R

R3

wherein M = Mo or W; R' is aryl, or adamant-1-yl; optionally substituted; R? is —
C(CH3)2CgHs or —C(CHs)3; R? is H; R® is alkoxy, heteroaryl, silyloxy; optionally substitut-
ed; and R* is a residue R®-X-, wherein

X = O and R® is selected from triphenylmethyl or tri(4-methyphenyl)methyl; 1,1,1,3,3,3-
hexafluoro-prop-2-yl; 9-phenyl-fluorene-9-yl.

In one embodiment, R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-
dichlorophenyl, adamant-1-yl; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl;
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triphenylsilyl; triisopropylsilyl; 2-pheny!-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; t-butyloxy.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl; R? is —C(CHj;).CeHs or —C(CHs)s; R® is H; R® is
selected from pyrrol-1-yl and 2,5-dimethyl-pyrrol-1-yl; R* is R®-X-,

wherein R®-X- is selected from 1-(2,6-di-t-butylphenoxy); wherein the phenyl moiety of
the phenoxy residue preferably bears up to three substituents independently selected
from alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, such as Cy-
C4 alkoxy, phenoxy, phenyl, halogen.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl; R? is —C(CHs;),CeHs or —C(CHs)s; R® is H; R® is
selected from pyrrol-1-yl and 2,5-dimethyl-pyrrol-1-yl; R* is R%-X-, wherein R®-X- is se-
lected from 4-methyl-2,6-di-t-butylphenoxy or 4-methoxy-2,6-di-t-butylphenoxy or 4-
bromo-2,6-di-t-butylphenoxy or 2,4,6-tri-t-butylphenoxy.

In one embodiment, M = W; R is 2,6-dichlorophenyl; R? is —C(CH3),CgHs or —C(CHa3)s; R®
is H; R® is pyrrol-1-yl; R* is 4-bromo-2,6-di-t-butylphenoxy or 2,4,6-tri-t-butylphenoxy or 4-
methoxy-2,6-di-t-butylphenoxy.

In one embodiment, M = Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3),CgHs or —
C(CHs)s; R¥is H; R® is pyrrol-1-yl; R* is 4-methyl-2,6-di-t-butylphenoxy or 4-bromo-2,6-di-
t-butylphenoxy or 2,4,6-tri-t-butylphenoxy or 4-methoxy-2,6-di-t-butylphenoxy.

In one embodiment, M = Mo or W; R' is selected from 2 6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl; R? is —C(CHs),CsHs or —C(CHs)s; R® is H; R® is
selected from pyrrol-1-yl and 2,5-dimethyl-pyrrol-1-yl; R* is RE-X-,

wherein R®-X- is selected from 2,6-di-phenylphenoxy; wherein the phenyl moiety of the
phenoxy residue preferably bears up to three substituents independently selected from
alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, such as C4-C4

alkoxy, halogen, phenoxy, phenyl, optionally substituted, respectively.
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In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2 6-
diisopropylphenyl, 2,6-dichlorophenyl: R? is —~C(CH3)2CeHs or —C(CHs)s; R® is H; R® is
selected from pyrrol-1-yl and 2,5-dimethyl-pyrrol-1-yl; R* is R®-X-,

wherein R®-X- is selected from 2,6-diphenylphenoxy, 4-chloro-2,6-diphenylphenoxy, 4-
bromo-2,6-diphenylphenoxy, 4-fluoro-2,6-diphenylphenoxy, 4-fluoro-2,6-di(2,4,6-
trimethylphenyl)phenoxy, 2,3,5,6-tetraphenylphenoxy or 4-chloro-2,3,5,6-
tetraphenylphenoxy or 4-bromo-2,3,5,6-tetraphenylphenoxy or 4-fluoro-2,3,5,6-
tetraphenylphenoxy or 4-bromo-3,5-diphenyl-2,6-di(4-bromophenyl)phenoxy or 4-
dimethylaminophenyl-2,6-diphenylphenoxy or 2,6-di(2,4,6-triisopropylphenyl)phenoxy.

In one embodiment, M = Mo; R' is selected from 2,6-diisopropylphenyl; R? is —
C(CH3),CsHs or —C(CHa)3; R® is H; R® is pyrrol-1-yl; R* is 2,6-diphenylphenoxy, 4-bromo-
2,6-diphenylphenoxy, 4-fluoro-2,6-diphenylphenoxy, 4-fluoro-2,6-di(2,4,6-
trimethylphenyl)phenoxy.

In one embodiment, M = Mo; R’ is selected from 2,6-dimethylpheny!; R? is ~C(CHs),CsHs
or —C(CH3);; R® is H; R® is 2,5-dimethyl-pyrrol-1-yl; R* is selected from 26-
diphenylphenoxy, 4-fluoro-2,6-di(2,4,6-trimethylphenyl)phenoxy.

In one embodiment, M = Mo; R is selected from adamant-1-yl; R? is —C(CH3),CsHs or —
C(CHa)3; R*is H; R® is 2,5-dimethyl-pyrrol-1-yl; R* is 2,6-diphenylphenoxy.

In one embodiment, M = Mo; R is 2,6-dimethylphenyl; R? is —C(CH3),C¢Hs or —C(CHs)3;
R®is H; R® is 2,5-dimethyl-pyrrol-1-yl; R? is selected from 4-bromo-2,6-diphenylphenoxy,
4-fluoro-2,6-di(2,4,6-trimethylphenyl)phenoxy.

In one embodiment, M = Mo; R" is 2,6-dimethylphenyl; R? is —~C(CH3),CgHs or ~C(CHa)3;
R®is H; R% is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; R* is 9-phenyl-flucrene-9-
yloxy.

In one embodiment, M is Mo; R" is 2,6-dichlorophenyl; R? is —C(CH3),CgHs or —C(CHs)s;
R?is H; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; R* is 9-phenyl-fluorene-9-
yloxy.
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In one embodiment, M = Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3)2CeHs5 or —
C(CHa)3; R* is H; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; R* is 2-phenyi-
1,1,1,3,3,3-hexafluoroprop-2-yloxy.

In one embodiment, M = Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3)>CsHs or —
C(CHa)s; R®is H; R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; R* is triphenylsi-
lyloxy.

in one embodiment, M = W; R' is selected from 2 6-diisopropylphenyl, 26-
dichlorophenyl; R? is —C(CHs),CsHs or —C(CHa)s; R® is H; R® is 2,5-dimethyl-pyrrol-1-yl;
R* is triphenylsilyloxy.

In one embodiment, M = Mo; R' is selected from 2,6-diisopropylphenyl; 2,6-
dichlorophenyl; R? is —C(CH3),CsHs or —C(CHs)s; R® is H; R® is pyrrol-1-yl; R* is triphe-
nylmethyloxy.

In one embodiment, M = Mo; R' is 2,6-dichlorophenyl; R? is —C(CH3),C¢Hs or —C(CHs)s;
R®is H; R® is 2,5-dimethyl-pyrrol-1-yl; R* is triphenyimethyloxy.

In one embodiment, R' is 2 6-dimethylphenyl or 2 6-diisopropylphenyl; R? is —
C(CH3),CeHs or —C(CHa)s; R® is H; R* is 4-bromo-2,6-diphenylphenoxy or 4-bromo-
2,3,5,6-tetraphenylphenoxy; R® is pyrrol-1-yl or 2,5-dimethyl-pyrrol-1-yl.

In one embodiment, M = Mo; R is 2,6-dimethylphenyl or 2 6-diisopropylphenyl; R? is —
C(CH3)2CeHs or —C(CHa)s;.R® is H; R* is 4-bromo-2,6-diphenylphenoxy; R® is 2,5-
dimethyl-pyrrol-1-yl.

In still another embodiment, M = Mo; R' is 2,6-dimethylphenyl or 2,6-diisopropylphenyl;
R? is —C(CH3),CeHs or —=C(CHs)s; R® is H; R* is 4-bromo-2,3,5,6-tetraphenylphenoxy; R®
is 2,5-dimethyl-pyrrol-1-yl.

In one embodiment, M = Mo; R' is 2,6-diisopropylphenyl; R? is —C(CHs),CgHs or —
C(CH3)s; R® is H; R* is 2,6-di-t-butylphenoxy; wherein the phenyl moiety of the phenoxy
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residue preferably bears up to three substituents independently selected from alkyl, pref-
erably C4-C, alkyl such as methyl or t-butyl, alkoxy, such as C4-C, alkoxy, phenoxy, phe-
nyl, halogen; R® is pyrrol-1-yl.

In one embodiment, M = Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3),CsHs or —
C(CH,)3; R is H; R* is 4-methyl-2,6-di-t-butylphenoxy or 4-methoxy-2,6-di-t-butylphenoxy
or 4-bromo-2,6-di-t-butylphenoxy or 2,4,6-tri-t-butylphenoxy; R® is pyrrol-1-yl.

In one embodiment, M = W; R' is 2,6-dichlorophenyl; R? is —C(CHs)s; R® is H; R® is pyr-
rol-1-yl; R* is 4-methoxy-2,6-di-t-butylphenoxy or 4-bromo-2,6-di-t-butylphenoxy or 2,4,6-
tri-t-butylphenoxy.

Each of these three W-based compounds of the afore-mentioned embodiment, when
used as a catalyst in a cross metathesis reaction, may provide for excellent Z-selectivity,
which may be around 90 % Z and around 10 % E.

In one embodiment, M = Mo; R' is 2,6-diisopropylphenyl; R? is —C(CH3),CeHs or —
C(CH3);; R® is H; R* is 4-bromo-26-diphenylphenoxy or 4-bromo-2,3,5,6-
tetraphenylphenoxy; R® is pyrrol-1-yl.

In one embodiment, M = Mo; or W; R' is selected from 2 6-dimethylphenyl; 2,6-
diisopropylphenyt; or 2,6-dichlorophenyt; R? is —C(CHs)2CeHs or -C(CHa)s; R* is H; R* is
2,6-diphenylphenoxy or 2,6-di-t-butylphenoxy; wherein the phenyl moiety of the phenoxy
residue preferably additionally to the two phenyl or t-butyl residues bears up to three
substituents independently selected from alkyl, preferably C4-C, alkyl such as methyl or
t-butyl, alkoxy, such as C4-C, alkoxy, phenoxy, phenyl, halogen; R?®is pyrrol-1-yl; 2,5-
dimethyl-pyrrol-1-yl.

In one embodiment, M = Mo; or W; R' is selected from 2 6-dimethylphenyl; 2,6-
diisopropylphenyl; or 2,6-dichlorophenyl; R? is —C(CH3),C¢Hs; -C(CHa)3; R®is H; R*is
2,6-diphenylphenoxy or 2,6-di-t-butylphenoxy; wherein the phenyl moiety of the phenoxy
residue additionally to the two phenyl or t-butyl residues bears up to three substituents

independently selected from alkyl, preferably C4-C4 alkyl such as methyl or t-butyl,
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alkoxy, such as C4-C4 alkoxy, halogen, phenoxy, phenyl, optionally substituted, respec-

tively; R® is pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl.

In one embodiment, M is Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-di-t-butylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —
C(CHa),CeHs or —C(CHa)s; R® is H; R® is selected from triphenylsilyloxy; and R* is R®-X-,
wherein X = O and R® is triphenylmethyl; optionally substituted; or X = O and R® is O-
phenyl-fluorene-9-yl; or X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-y! or 2-
methyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-di-t-butylphenyl, 2,6-dichlorophenyl, adamant-1-ylI; R? is —
C(CH3),CsHs or —=C(CHs)3; R® is H; R® is selected from 9-phenyl-fluorene-9-yloxy; and R*
is R®-X-, wherein X = O and R® is triphenylmethyl; optionally substituted; or X = O and R®
is 9-phenyl-fluorene-9-yl; or X = O and R®is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or
2-methyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy.

In one embodiment, M = Mo or W; R' is selected from 2,6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-di-t-butylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —
C(CH3),CsHs or —C(CH3)s; R® is H; R® is selected from 2-phenyl-1,1,1,3,3,3-hexafluoro-
prop-2-oxy or 2-methyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; and R* is R®-X-, wherein X =
O and R® is triphenylmethyl; optionally substituted; or X = O and R®is 9-phenyl-fluorene-
9-yl; or X = O and Réis 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-

hexafluoro-prop-2-yloxy; or t-butyloxy.

In one embodiment, M = W; R' is selected from 26-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —C(CHa)s; R® is H; R® is se-
lected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl;

R*is
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wherein TBS is t-butyldimethylsilyl;

s
U'@ Br

wherein M= methyl,

In one embodiment, M = Mo or W; R' is selected from 2 6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, adamant-1-yl; R? is —C(CHa)3; R® is H; R® is se-
lected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; 9-phenyl-fluorene-9-
yloxy; 2-phenyl-1,1,1,3,3,3-hexafluoroprop-2-yloxy; R* is R®-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C4 alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C,-C,4 alkoxy, halogen, phenoxy, phenyl, optionally substituted, respectively; or

X = S and R® is phenyl substituted with up to five substituents independently selected
from alkyl, preferably C4-C, alkyl such as methyl, isopropyl or t-butyl, alkoxy, preferably
C4-C4 alkoxy, halogen, phenoxy, phenyl, optionally substituted, respectively; or

X = O and R® is triphenylsily! or triisopropylsilyl; or

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy; or

X = O and R® is t-butyloxy.

In one embodiment, M = Mo or W: R' is selected from 2 6-dimethylphenyl, 2,6-
diisopropylphenyl, 2,6-dichlorophenyl, R? is ~C(CHa)s; R® is H; R® is selected from pyrrol-
1-yl; 2,5-dimethyl-pyrrol-1-yl; R* is selected from 2,6-diphenylphenoxy, 4-bromo-2,6-
diphenylphenoxy, 4-fluoro-2,6-diphenylphenoxy, 4-methyl-2,6-diphenylphenoxy, 4-
dimethylamino-2,6-diphenylphenoxy, 2,6-di(2,4,6-triisopropylphenyl)phenoxy, 4-fluoro-
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2 6-dimesitylphenoxy, 2,6-di-tert.-butylphenoxy, 4-bromo-2,6-di-tert.-butylphenoxy, 4-
methoxy-2,6-di-tert.-butylphenoxy, = 4-methyl-2,6-di-tert.-butylphenoxy,  2,4,6-tri-tert.-
butylphenoxy, 2,3,5,6-tetraphenylphenoxy, 4-bromo-2,3,5,6-tetraphenylphenoxy, 2,6-
di(4-bromophenyl)-3,5-diphenylphenoxy, 4-bromo-2,6-di(4-bromophenyl)-3,5-
diphenylphenoxy,

wherein TBS denotes a t-butyldimethylsilyl group, and

0/
y O' i Br

MeO '

wherein Me denotes a methyl group;

or

R* is R®-X-, wherein

X = O and R® is triphenylsilyl or triisopropylsilyt; or

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy; or

X =0 and R% is t-butyl.

In one embodiment, the invention relates to a compound of structure 2, 3, 4, 5, 6, 7, 8,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 50, 51, 52, 53, 54, 55, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 73, 74, 75, 77, 79, 81, 82, 83, 84, 85, 86, 89, 91,
94, 95, 97, 99, 100, 104, 105, 107, 108, 109, 111, 114, 115, 116, 117,119, 120, 121,
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122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139,140,141,142,145,146,148,149,150,151,152,155,156,157,158,159,160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 195, 196, 197,
198, 199, 200, 201, 202, 203, 204, 205, 207, 208, 209, 210, 212, 213, 214, 216, 217,
218, 219, 220, 232, 233, 246, 247, 261, 262, 263, 264, 269, 270, 271, 272, 273, 274,
280, 281, 282, 283, 284, 288, 289, 290, 291.

In one embodiment, compounds are preferably selected from the group consisting of
structures 11, 32, 36, and 162. Also preferred are compounds selected from the group
consisting of structures 30, 123, 142, 154, 168, and 178. Also preferred is the compound

of structure 21.

Third aspect of the invention - Use of the compounds as defined in the second as-

pect of the invention

According to a third aspect, the invention relates to the use of a compound as defined in
the second aspect or in any embodiment of the second aspect as catalyst, preferably
wherein the catalyst catalyzes a metathesis reaction. Accordingly, the compounds may

be used in a metathesis reaction or as catalyst in a metathesis reaction.

In one embodiment, the metathesis reaction is selected from cross metathesis, ring
opening metathesis, ring opening polymerization metathesis, ring closing metathesis,

ethenolysis, homo-metathesis.
Cross metathesis may e.g. be performed as a homo cross metathesis, i.e. the metathe-
sis reaction between identical olefins (HCM) or as a hetereo cross metathesis reaction,

i.e. the reaction between two different olefins.

Fourth aspect of the invention - Use of the compounds in a kit

According to a fourth aspect, the invention relates to a kit comprising an organometallic

compound of aluminum of formula R4R;R3Al, wherein Ry, Rz, and R; are independently
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selected from an aliphatic, cyclic, alicyclic residue having from 1 to 10 carbon atoms, or
from aromatic residues having from 6 to 10 carbon atoms; and a compound used in the
method of the invention, preferably a compound selected from one or more of the struc-
tures 1 to 291.

In one embodiment, the organometallic compound of aluminum used in the kit is triocty

aluminum.
In one embodiment, the invention relates to a kit consisting of said organometallic com-
pound of aluminum of formula R1R;R3Al and said compound selected from one or more

of said structures 1 to 291.

Fifth aspect of the invention - Method of purifying an olefin

According to a fifth aspect, the invention relates to a method of purifying a feedstock
comprising a first and a second olefin, which may be identical or which may be different
from one another, and by-products, which are selected from the group consisting of wa-
ter, alcohols, aldehydes, peroxides, hydroperoxides, peroxide decomposition products,
protic materials, polar materials, Lewis basic catalyst poisons, or a mixture of two or

more thereof, comprising:

(0) subjecting said feedstock to a physical or chemical or physical and chemical purifica-
tion step, preferably wherein said physical purification is perfdrmed prior to the
chemical purification step,
wherein the physical purification step comprises: distilling said by-products off, or
distilling the feedstock, or adsorbing said by-products; and
wherein the chemical purification step comprises: subjecting at least one of the by-

products to a chemical reaction;
or

(0) subjecting at least one of the by-products in said feedstock to a chemical reaction.
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In one embodiment, the by-products in the feedstock are subjected to an anhydride of an
organic acid; preferably wherein said anhydrides are the anhydrides of aliphatic, cyclic,
alicyclic organic acids having from 1 to 10 carbon atoms, or an aromatic organic acid

having from 6 to 10 carbon atoms;

In a further embodiment, the by-products in the feedstock are subjected to an organome-
tallic compound of aluminum; preferably wherein the organometallic compound of alumi-
num is of formula R1R;R3Al, wherein R4, R, and Rj are independently selected from an
aliphatic, cyclic, alicyclic residue having from 1 to 10 carbon atoms, or from aromatic res-

idues having from 6 to 10 carbon atoms.

In one embodiment, the anhydride of an organic acid is acetic acid; or the organometallic

compound of aluminum is trioctyl aluminum.
In one embodiment, said method consists of step (0).

Sixth aspect of the invention - Composition comprising a compound that catalyzes

metathesis of a first and/or a second olefin and a purified feedstock

According to a sixth aspect, the invention relates to a composition comprising a com-
pound as defined in any one of the embodiments according to the first aspect or a com-
pound defined in any one of the embodiments according to the second aspect that cata-
lyzes metathesis of a first and/or a second olefin, and a first and/or a Second olefin,
which are comprised in a feedstock, wherein said feedstock further comprises at least
one by-product selected from the group consisting of water, alcohols, aldehydes, perox-
ides, hydroperoxides, peroxide decomposition products, protic materials, polar materials,
Lewis basic catalyst poisons, or a mixture of two or more thereof, and wherein said feed-
stock has been subjected to a purification step as defined in any one of the respective

embodiments according to the first aspect.

In one embodiment, the invention relates to a composition consisting of said compound
and said first and/or second ole; or consisting of said compound and a feedstock which

contains said first and/or second olefin.
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Seventh aspect of the invention - Method of increasing reactivity of a compound

that catalyzes a metathesis reaction

According to a seventh aspect, the invention relates to a method of increasing the reac-
tivity of a compound as defined in any one of the embodiments according to the first
aspect that catalyzes a metathesis reaction of a first and a second olefin such that
the molar ratio of said compound to the first or the second olefin is less than 1 : 500, and
the conversion of the first or the second olefin is at least 30 %, wherein said first and said
second olefin are comprised in a feedstock, wherein said feedstock further comprises at
least one by-product selected from the group consisting of water, alcohols, aldehydes,
peroxides, hydroperoxides, peroxide decomposition products, protic materials, polar ma-
terials, Lewis basic catalyst poisons, or a mixture of two or more thereof, comprising step

(0) and, optionally, subsequent to step (0), the following step (i):

(0) subjecting said feedstock to a physical or chemical or physical and chemical purifica-
tion step, preferably wherein said physical purification is performed prior to the
chemical purification step,
wherein the physical purification step comprises: distilling at least one of said by-
products off, or distiling said feedstock, or adsorbing at least one of said by-
products; and
wherein the chemical purification step comprises: subjecting at least one of said by-
products to a chemical reaction;

(i) reacting the first olefin with the second olefin in the presence of said compound that

catalyzes said metathesis reaction.

In one embodiment, preferably when a trialkyl aluminum compound is used for purifica-
tion, preferably trioctyl aluminum, the feedstock is subjected to said compound for a peri-
od of from 2 to 100 h, preferably 5 to 90 h, more preferred 10 to 80 h, and still more pre-
ferred 15 to 70 h.

In another embodiment of this aspect, the catalyst is slowly added to the substrate at a

rate of from 0.01-10 ppmwt catalyst per hour.
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In one embodiment, said method consists of steps (0) and (i).

Eighth aspect of the invention-Method of metathesizing

According to an eighth aspect, the invention relates to a method of metathesizing a first

olefin and/or a second olefin, comprising at least steps (i) to (iii):

(i)  providing at least one compound for use as metathesis catalyst as defined in any
one of the embodiments according to the first aspect of the invention, or ac-
cording to the second aspect of the invention;

(i) providing a first olefin and/or a second olefin; and

(iii) slowly adding the catalyst to the first and/or second olefin to metathesize the first

and/or second olefin;

wherein the slowly adding step of the catalyst to the first and/or second olefin allows the

" metathesis reaction to proceed at a molar ratio of catalyst to first and/or second olefin of

less than 1 : 7,500.

In one embodiment, the catalyst is slowly added to the first and/or second olefin at a rate
of from 0.01-10 ppmwt catalyst per hour, or any other rate as defined in the first aspect

of the invention.

In one embodiment, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of 1 : 7,500 or
less, and the corresponding conversion is at least 30 %, or at least 40 %, or at least 50

%, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.

In one embodiment, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of 1 : 10,000
or less, and the corresponding conversion is at least 30%, or at least 40 %, or at least 50

%, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %.
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In one embodiment, the catalyst is added at a rate tb enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of 1 : 20,000
or less, or 1 : 50,000 or less, or 1 : 100,000 or less, or 1 : 500,000 or less, or 1 :
1,000,000 or less, and the corresponding conversion is at least 30%, or at least 40 %, or
at least 50 %, or at least 60 %, or at least 70 %, or at least 80 %, or at least 90 %, re-

spectively.

in one embodiment, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of a lower limit
of 1:2,000,000, or 1: 3,000,000 or 1 : 4,000,000, respectively.

In other embodiments, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of 1 : 500 to 1
: 50,000 or less, and the corresponding conversion is from 30 to 100 %, or from 50 to
100 %, or 60 to 100 %.

In one embodiment, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of 1 : 1,000 to
1 : 40,000 or less, and the corresponding conversion is from 30 to 100 %, or from 50 to
100 %, or 60 to 100 %.

In one embodiment, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of from 1 :
2,500 to 1 : 30,000 or less, and the corresponding conversion is from 30 to 100 %, or
from 50 to 100 %, or 60 to 100 %.

In one embodiment, the catalyst is added at a rate to enable the metathesis reaction to
proceed at a molar ratio of the catalyst to the first and/or the second olefin of 1 : 5,000 to
1 : 30,000 or less, or from 1 : 10,000 to 1 : 30,000, or from 1 : 15,000 to 1 : 30,000, and
the corresponding conversion is from 30 to 100 %, or from 50 to 100 %, or 60 to 100 %,

respectively.

In one embodiment, said method consists of steps (i) to (iii).
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Further preferred embodiments and compounds

In a ninth aspect, the invention relates to a compound of formula:

wherein

M = Mo or W,

R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R*is a residue R®-X-, wherein

X = O and R® is a phenyl ring which is at least substituted in 4-position (para-position)
with respect to O; or

X = S and R® is is a phenyl ring which is at least substituted in 4-position with respect to
S.

In a first embodiment, R® is substituted in 2- and 4-position with respect to O.
In a second embodiment, R®is substituted in 3- and 4-position.
In a third embodiment, R®is substituted in 2-, 3- and 4-position.

In fourth embodiment, R®is substituted in 2-, 5- and 4-position.
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In a fifth embodiment, R®is substituted in 3-, 5- and 4-position.

In a sixth embodiment, R® is substituted 2-, 6- and 4-position.

In a seventh embodiment, R®is substituted in 2-, 3-, 5- and 4-position.
In an eighth embodiment, R®is substituted in 2-, 3-, 6- and 4-position.
In a ninth embodiment, R® is substituted in 2-, 3-, 5-, 6- and 4-position.

The substituent of residue R® in 4-position may be independently selected from the group
consisting of. halogen, dialkylamino, cyano, optionally substituted alkyl, optionally substi-

tuted alkyloxy, optionally substituted aryl, optionally substituted aryloxy.

The further substituents of residue R®, if any, i.e. a substituent 2- position with respect to
O, or in 3-position, or substituents in 2- and 3-position, or in 2- and 5-position, or in 3-
and 5-position, or in 2- and 6-position, or in 2-, 3- and 5-position, or in 2-, 3- and 6-
position, or in 2-, 3-, 5- and 6-position, may be the same or may be different from the
substituent in 4-position and may be independently selected from the group consisting of:
halogen, dialkylamino, cyano, optionally substituted alkyl, optionally substituted alkyloxy,

optionally substituted aryl, optionally substituted aryloxy.

In one embodiment, R" is phenyl or alkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, optionally substituted alky!;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

the substituent of residue R® in 4-position may be independently selected from the group
consisting of: halogen, C1.4 dialkylamino, optionally substituted C14 alkyl, optionally sub-
stituted C,4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the further substituents of residue R®, i.e. a substituent in 2- position with respect to
O, or in 3-position, or in 2- and 3-position, or in 2- and 5-position, or in 3- and 5-position,
or in 2- and 6-position, or in 2-, 3- and 5-position, or in 2-, 3- and 6-position, or in 2-, 3-,

5- and 6-position, may be the same or may be different from the substituent in 4-position
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and may be independently selected from the group consisting of halogen, C44 dialkyla-
mino, optionally substituted Cq4 alkyl, optionally substituted C4 alkyloxy, optionally sub-

stituted phenyl, optionally substituted phenyloxy.

In one embodiment, R is phenyl or alkyl, optionally independently substituted with halo-
gen, Cq4 dialkylamino, Ci.4 alkyl, Cy.4 alkyloxy, optionally substituted phenyl, optionally
substituted phenyloxy, respectively;

R? and R?® can be the same or different and are hydrogen or optionally substituted alkyl;
R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

the substituent of residue R®in 4-position may be independently selected from the group
consisting of: halogen, C,4 dialkylamino, optionally substituted C44 alkyl, optionally sub-
stituted C4_4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the further substituents of residue R®, i.e. a substituent in 2- position with respect to
O, or in 3-position, or in 2- and 3-position, or in 2- and 5-position, or in 3-, and 5-position,
or in 2- and 6-position, or in 2-, 3- and 5-position, or in 2-, 3- and 6-position, or in 2-, 3-,
5- and 6-position, may be the same or may be different from the substituent in 4-position
and may be independently selected from the group consisting of halogen, C,4 dialkyla-
mino, optionally substituted C;. alkyl, optionally substituted C4.4 alkyloxy, optionally sub-

stituted phenyl, optionally substituted phenyloxy.

In one embodiment, R’ is pheny! or alkyl, optionally independently substituted with halo-
gen, Cq4 dialkylamino, C,4 alkyl, C,4 alkyloxy, optionally substituted phenyl, optionally
substituted phenyloxy;

R? and R® can be the same or different and are hydrogen, C(CHs)s or C(CH3),CgHs;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

the substituent of residue R® in 4-position may be independently selected from the group
consisting of: halogen, C4 dialkylamino, optionally substituted C,_4 alkyl, optionally sub-
stituted C4_4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the further substituents of residue R®, i.e. a substituent in 2-position with respect to
O, or in 3-position, or in 2- and 3-position, or in 2- and 5-position, or in 3- and 5-position,

or in 2- and 6-position, or in 2-, 3- and 5-position, or in 2-, 3- and 6-position, or in 2-, 3-,
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5- and 6-position, may be the same or may be different from the substituent in 4-position
and may be independently selected from the group consisting of halogen, Ci.4 dialkyla-
mino, optionally substituted C,4 alkyl, optionally substituted C1.4 alkyloxy, optionally sub-

stituted phenyl, optionally substituted phenyloxy.

In one embodiment, M = Mo or W;

R' is selected from 2,6-dimethylphenyl, 2 6-diisopropylphenyl, 2.6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;

R? is —C(CHs),CeHs or —C(CHa)s;

R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;  2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 2,6-diphenylphenoxy; 9-phenyi-fluorene-9-yloxy; t-butyloxy; and

the substituent of residue R®in 4-position may be independently selected from the group
consisting of: halogen, C,4 dialkylamino, optionally substituted C14 alkyl, optionally sub-
stituted C4.4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the further substituents of residue R®, i.e. a substituent in 2-position with respect to
O, or in 3-position, or substituents in 2- and 3-position, or in 2- and 5-position, or in- 3-
and 5-position, or in 2- and 6-position, or in 2-, 3- and 5-position, or in 2-, 3- and 6-
position, or in 2-, 3-, 5- and 6-position, may be the same or may be different from the
substituent in 4-position and may be independently selected from the group consisting of
halogen, Cq4 dialkylamino, optionally substituted C1_4 alkyl, optionally substituted Cq4
alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy.

In one embodiment, the substituent of R® in 4-position may be independently selected
from the group consisting of: fluoro, chloro, bromo, dimethylamino, diethylamino, methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, methoxy, ethoxy, propyloxy, butyloxy, t-butyloxy,
trifluoromethyl, pheny! optionally substituted with halogen, alkyl, alkyloxy, phenyl, phe-
noxy: phenoxy optionally substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy;

and the further substituents of residue R®, i.e. a substituent in 2-position with respect to
O, or in 3-position, or in 2- and 3-position, or in 2- and 5-position, or in 3- and 5-position,

or in 2- and 6-position, or in 2-, 3- and 5-position, or in 2-, 3- and 6-position, or in 2-, 3-,
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5- and 6-position, may be the same or may be different from the substituent in 4-position
and may be independently selected from the group consisting of fluoro, chloro, bromo,
dimethylamino, diethylamino, methyl, ethyl, propyl, isopropyl, butyl, t-butyl, methoxy, eth-
oxy, propyloxy, butyloxy, t-butyloxy, trifluoromethyl, phenyl optionally substituted with
halogen, alkyl, alkyloxy, phenyl, phenoxy; phenoxy optionally substituted with halogen,
alkyl, alkyloxy, phenyl, phenoxy.

In a preferred embodiment according to the sixth embodiment, residue R®is a phenyl ring

which is substituted in 2- and 4-position independently with halogen and in 6-position
with phenyl, which optionally may be substituted with halogen, alkyl, alkyloxy, phenyl,
optionally substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy, phenoxy, optionally
substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy.

In one embodiment, M = Mo or W,

R' is selected from 2,6-diisopropylphenyl, 2,6-dichlorophenyl;

R? is —C(CH3),CgHs or ~C(CHa)s;

R®is H;

R’ is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;

R* is a residue R®-X-, wherein X = O and R® is substituted in 2- and 4-position inde-
pendently with halogen and in 6-position with phenyl, which optionally may be substituted
with halogen, alkyl, alkyloxy, phenyl, optionally substituted with halogen, alkyl, alkyloxy,
phenyl, phenoxy; phenoxy, optionally substituted with halogen, alkyl, alkyloxy, phehyl,

phenoxy.

This type of catalyst according to the invention is e.g. represented by compounds 183
and 184.

In further embodiments, said phenyl ring R® may bear - besides the substituents in 2, 6

and 4-position with respect to O - also substituents in 3- and / or 5-position.

Accordingly, in one embodiment, M = Mo or W;

R is aryl, heteroaryl, alkyl, or heteroalkyl; optionaily substituted;
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R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted,;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is a phenyl ring which bears at least three substituents, wherein said phe-
nyl ring is substituted in 2- and 4-position independently with halogen and in 6-position

with phenyl, which optionally may be substituted with halogen, alkyl, alkyloxy, phenyl,

phenoxy; phenoxy, optionally substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy.

In a further preferred embodiment according to the sixth embodiment, R®is a phenyl ring
which is substituted in 2- and 6-position by substituents via carbon atoms, and in 4-

position by a substituent via any atom.
The term “any atom” used herein encompasses halogen, carbon, nitrogen, oxygen.

Accordingly, in one embodiment, M = Mo or W;

R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is a pheny! ring which is substituted in 2- and 6-position by substituents via

carbon atoms, and in 4-position by a substituent via any atom.

In one embodiment, M = Mo or W;

R' is phenyl or alkyl, optionally independently substituted with halogen, C1.4 dialkylamino,
C1.4 alkyl, Cq.4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

R? and R? can be the same or different and are hydrogen, C(CHa)s, or C(CH3),CgHs;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-

stituted; and
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the substituent of residue R® in 4-position may be selected from the group consisting of:
halogen, C, dialkylamino, optionally substituted C14 alkyl, optionally substituted C4.4
alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the further substituents of residue R®, i.e. substituents in 2- and 6-position with re-
spect to O, may be the same or may be different from one another, and may be selected
from the group consisting of optionally substituted Cq.4 alkyl, optionally substituted Cq4

alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy.

n one embodiment, M = Mo or W;

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;

R? is —C(CHs),CgHs or —C(CHs)s;

R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;

the substituent of residue R® in 4-position may be selected from the group consisting of:
halogen, C,4 dialkylamino, optionally substituted C.4 alkyl, optionally substituted C4.4
alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the further substituents of residue R®, i.e. substituents in 2- and 6-position, may be
the same or may be different from one another, and may be selected from the group
consisting of optionally substituted Cq4 alkyl, optionally substituted C,.4 alkyloxy, option-

ally substituted phenyl, optionally substituted phenyloxy.

Examples are compounds 3, 4, 5, 7, 14, 15, 17, 18, 19, 70, 33, 34, 35, 36, 37, 41, 42, 43,
44, 63, 64, 65, 66, 67, 68, 69, 120, 121, 122, 125, 126, 127, 130, 131, 132, 133, 134,
135, 140, 141, 142, 146, 149, 150, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 173, 187, 188.

These compounds are particularly effective in ethenolysis.

In further embodiments, said phenyl ring R® may bear - besides the substituents in 2-, 6-

and 4-position with respect to O - also substituents in 3- and / or 5-position.
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Accordingly, in one embodiment, M = Mo or W;

R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R?® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted,;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is a phenyl ring which bears at least three substituents, wherein said phe-
nyl ring is substituted in 2- and 6-position by substituents via carbon atoms, and in 4-

position and 3- and / or 5-position by a substituent via any atom, respectively.

In one embodiment, M = Mo or W,

R' is phenyl! or alkyl, optionally independently substituted with halogen, C1.4 dialkylamino,
C14 alkyl, Cy_4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

R? and R® can be the same or different and are hydrogen, C(CHs)s, C(CH3)2CeHs;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

the substituent of residue R® in 4-position may be selected from the group consisting of:
halogen, Cq.4 dialkylamino, optionally substituted Ci.4 alkyl, optionally substituted C4.4
alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the substituents of residue R®in 2- and 6-position may be the same or may be differ-
ent from one another, and may be selected from the group consisting of optionally substi-
tuted C44 alkyl, optionally substituted CM alkyloxy, optionally substituted phenyl, option-
ally substituted phenyloxy;

and the further substituents in 3- or / and 5- position may be selected from the group
consisting of: halogen, C 44 dialkylamino, optionally substituted C 14 alkyl, optionally

substituted C 14 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy

In one embodiment, M = Mo or W,

R' is selected from 2,6-dimethylphenyl, 2 6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;

R? is —C(CHs),CeHs or —C(CHs)s;
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R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; and

the substituent of residue R® in 4-position may be selected from the group consisting of:
halogen, C ;4 dialkylamino, optionally substituted C 14 alkyl, optionally substituted C 1.4
alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

and the substituents of residue R®in 2- and 6-position may be the same or may be differ-
ent from one another, and may be selected from the group consisting of optionally substi-
tuted C 14 alkyl, optionally substituted C ;4 alkyloxy, optionally substituted phenyl, op-
tionally substituted phenyloxy;

and the further substituents in 3- or / and 5- position may be selected from the group
consisting of: halogen, C14 dialkylamino, optionally substituted C1.4 alkyl, optionally sub-

stituted C4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy.

In a further preferred specific embodiment according to the ninth embodiment, M = Mo or
W,

R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein X = O and R® is a phenyl ring which is substituted in 4-
position with halogen, preferably bromine, and in 2-, 3-, 5- and 6-position with phenyl,
respectively, wherein said phenyl residues may be independently substituted with fluoro,
chloro, bromo, dimethylamino, diethylamino, methyl, ethyl, propyl, isopropyl, butyl, t-
butyl, methoxy, ethoxy, propyloxy, butyloxy, t-butyloxy, trifluoromethyl, phenyl optionally
substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy; phenoxy optionally substituted
with halogen, alkyl, alkyloxy, phenyl, phenoxy.

in a preferred embodiment, embodiment, M = Mo or W;

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;
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R? is ~C(CH3),CsHs or —C(CHa)s;

R?is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;

R* is a residue R5-X-, wherein X = O and R® is a phenyl ring which is substituted in 4-
position with bromine and in 2-, 3-,5- and 6-position with phenyl, respectively, wherein
said pheny! residues may be independently substituted with fluoro, chloro, bromo, dime-
thylamino, diethylamino, methyl, ethyl, propyl, isopropyl, butyl, t-butyl, methoxy, ethoxy,
propyloxy, butyloxy, t-butyloxy, trifluoromethyl, phenyl optionally substituted with halo-
gen, alkyl, alkyloxy, phenyl, phenoxy; phenoxy optionally substituted with halogen, alkyl,
alkyloxy, phenyl, phenoxy.

Examples are compounds 11, 13, 16, 32, 60, 123, 136, 145, 189, 261,

Such compounds, which bear a 4-bromo-(2,3,5,6-tetraphenyl)phenyl moiety may have a
positive impact on catalytic activity compared to their debromo analogues, i.e. which are
substituted in 4-position with hydrogen. This positive impact may result in a higher con-
version in the range of from 10 to 30 %.

Moreover, such compounds exhibit good activity in ethenolysis.

In a tenth aspect, the invention relates to a compound of formula:

wherein
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M = Mo or W;

R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is a phenyl ring which is substituted in 2- and 6-position with phenyl, re-
spectively, optionally substituted; or

X = S and R® is phenyl ring which is substituted in 2- and 6-position with phenyl, respec-

tively, optionally substituted.

In one embodiment, M = Mo or W;

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2 6-di(trifluoromethyl)phenyl, adamant-1-
yh;

R? is ~C(CHj),CgHs or ~C(CHa)s;

R®is H;

R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;

R* is a residue R®-X-, wherein X = O and R® is substituted in 2- and 6-position with phe-
nyl, which optionally may be independently substituted with halogen, alkyl, preferably C..
4 alky, alkyloxy, preferably C,4 alkyoxy, phenyl, optionally substituted with halogen, alkyl,
alkyloxy, dialylamino, phenyl, phenoxy; phenoxy, optionally substituted with halogen,

alkyl, alkyloxy, dialkylamino, phenyl, phenoxy
Such compounds exhibit good activity in ethenolysis.
Compounds are e.g. compounds 178 and 233.

In an eleventh aspect, the invention relates to a compound of formula
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RSHM.. —
4/
R
wherein

M = Mo or W;

R is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted,;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is [8-(naphthalene-1-yl)-naphthalene-1-ylJoxy, optionally substituted.

The term “[8-(naphthalene-1-yl)-naphthalene-1-ylJoxy, optionally substituted” encom-
passes the substitution of one or both of the naphthyl rings with one or more substituents
selected from the group consisting of: halogen, hydroxyl, protected hydroxyl, C 1.4 dial-
kylamino, optionally substituted C 1.4 alkyl, optionally substituted C 14 alkyloxy, optionally
substituted phenyl, optionally substituted phenyloxy. |

In one embodiment, M = Mo or W,

R' is pheny! or alkyl, optionally independently substituted with halogen, C,.4 dialkylamino,
C14 alkyl, C14 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy;

R? and R® can be the same or different and are hydrogen, C(CHs)s, or C(CH3),CeHs;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is [8-(naphthalene-1-yl)-naphthalene-1-ylJoxy, optionally substituted.

In one embodiment, M = Mo or W,
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R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yh;

R? is ~C(CH3),CeHs or —C(CHg)3;

R®is H;

R% is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;

R* is [8-(naphthalene-1-yl)-naphthalene-1-ylJoxy, optionally substituted.

Examples are compounds 192, 196, 214, 217, 220.

Such compounds may have a positive impact on catalytic activity regarding ethenolysis,

cross metathesis and homo metathesis.

In a twelfth aspect, the invention relates to a compound of formula

wherein

M = Mo or W,

R'is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted,;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-

stituted; and
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R* is (8-phenlynaphthalene-1-yl)oxy, optionally substituted.

The term “8-phenlynaphthalene-1-yl)oxy, optionally substituted” encompasses the substi-
tution of the phenyl ring or the naphthyl ring or the phenyl and the naphthyl ring with one
or more substituents selected from the group consisting of: halogen, hydroxyl, protected
hydroxyl, C 14 dialkylamino, optionally substituted C 14 alkyl, optionally substituted C 14
alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy.

In one embodiment, M = Mo or W,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;

R? is ~C(CHs),CgHs or —C(CHa)s;

R3is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; (8-phenlynaphthalene-1-yl)oxy, optionally substituted;

R* is (8-phenlynaphthalene-1-yl)oxy, optionally substituted.

Examples are compounds 218, 216, 247, 246, 288, 269.

In a thirteenth aspect, the invention relates to a compound of formula:

RSHH.. o —
4/
R
wherein

M = Mo or W,
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R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted,;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is a quinoline-8-yl, optionally substituted.

The term “quinoline-8-yl, optionally substituted” encompasses the substitution of the ring
system with one or more substituents selected from the group consisting of: halogen,
hydroxyl, protected hydroxyl, C 1.4 dialkylamino, optionally substituted C 14 alkyl, option-
ally substituted C 1.4 alkyloxy, optionally substituted phenyl, optionally substituted phe-
nyloxy.

In one embodiment, M = Mo or W,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;

R? is —C(CHj)2CeHs or —C(CHa)s;

R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy;R* is a residue R®-X-, wherein

X = O and R® is a quinoline-8-yl, optionally substituted.

In a fourteenth aspect, the invention relates to a compound of formula:
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RSIIH-. m—
4/
R
wherein

M= Mo or W,

R is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted,

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R*is a residue R®-X-, wherein

X = O and R® is a phenyl ring substituted in 2-position with respect to O;

under the proviso that compound 153 is excluded

The substituent in 2-position may be selected from the group consisting of: halogen, hy-
droxyl, protected hydroxyl, Cq4 dialkylamino, optionally substituted Ci4 alkyl, optionally
substituted C4_4 alkyloxy, optionally substituted phenyl, optionally substituted phenyloxy.

In one embodiment, M = Mo or W,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
2,3,4 5 6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yl;

R? is —C(CHs),CgHs or —C(CHs)s;

R®is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-butyloxy
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R* is a residue R®-X-, wherein

X = O and R® is phenyl substituted in 2-position with respect to O, wherein the substitu-
ent is selected from the group consisting of: halogen, hydroxyl, protected hydroxyl, Ci4
dialkylamino, optionally substituted C,_4 alkyl, optionally substituted C.4 alkyloxy, option-
ally substituted phenyl, optionally substituted phenyloxy;

under the proviso that compound 153 is excluded
An exemplary compound is compound 152.

In a fifteenth aspect, the invention relates to a compound of formuia:

wherein

M = Mo or W,

R' is aryl, heteroaryl, alkyl, or heteroalkyl; optionally substituted;

R? and R® can be the same or different and are hydrogen, alkyl, alkenyl, heteroalkyl, het-
eroalkenyl, aryl, or heteroaryl; optionally substituted;

R® is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, optionally sub-
stituted; and

R* is a residue R®-X-, wherein

X = O and R® is a phenyl ring substituted in 2- and 6-position with respect to O;

under the proviso that compounds 1, 9, 88, 101, 118, 174 are excluded.

The substituents in 2- and 6-position may be independently selected from the group con-

sisting of: halogen, hydroxyl, protected hydroxyl, C14 dialkylamino, optionally substituted



10

15

20

25

30

CA 02905208 2015-09-10

WO 2014/139679 PCT/EP2014/000671

-102 -

C1.4 alkyl, optionally substituted C;4 alkyloxy, optionally substituted phenyl, optionally
substituted phenyloxy.

In one embodiment, M = Mo or W;

R' is selected from 2,6-dimethylphenyl, 2 6-diisopropylpheny!, 2,6-dichlorophenyl,
2,3,4,5,6-pentafluorophenly, 2-trifluoromethyl, 2,6-di(trifluoromethyl)phenyl, adamant-1-
yh;

R? is —C(CHa),CgHs or ~C(CH3)s;

R®is H; |

R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triisopropylsi-
lyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-hexafluoro-
prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-butyloxy;

R* is a residue R®-X-, wherein

X = O and R® is a phenyl ring substituted in 2- and 6-position with respect to O, wherein
the substituents in 2- and 6-position may be independently selected from the group con-
sisting of: halogen, hydroxyl, protected hydroxyl, C,4 dialkylamino, optionally substituted
C1.4 alkyl, optionally substituted C,4 alkyloxy, optionally substituted phenyl, optionally
substituted phenyloxy,

under the proviso that compounds 1, 9, 88, 101, 118, 174 are excluded.

Exemplary compounds are compounds 73, 74, 84, 85, 89, 6, 8, 62, 175, 176, 177, 178,
179, 185, 195, 199, 202, 203, 204, 205, 232, 233, 270, 271, 272, 273, 274.

Definitions used in the meaning of the invention

The term “metathesis” refers to alkene (olefin) metathesis.

The term “cross metathesis” encompasses the reaction between two different olefins.

The term “ring opening metathesis” encompasses the ring opening of a cyclic olefin.
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The term “ring opening polymerization metathesis” encompasses the ring opening of a
cyclic olefin, wherein the ring-opened product polymerizes in a chain-growth polymeriza-

tion to form a polymer containing olefinic bonds.

The term “ring closing metathesis” encompasses the ring closing of a diene.

The term “ethenolysis” encompasses the reaction of an olefin having an internal olefinic

bond with ethylene.

The term “homo-metathesis” encompasses the formation of an internal olefin from two

identical olefins.

The term “conversion” or “conversion degree” is defined as 100 — [final moles of first or

second olefin * 100 % / initial moles of first or second olefin].

The term “olefinic double bond’ refers to a carbon-carbon double bond or ethylenic dou-
ble bond.

The term "olefin" refers to any species having at least one ethylenic double bond such as
normal and branched chain aliphatic olefins, cycloaliphatic olefins, or aryl substituted
olefins. Olefins may comprise terminal double bond(s) ("terminal olefin") and/or internal
double bond(s) ("internal olefin") and can be cyclic or acyclic, linear or branched, option-
ally substituted. The total number of carbon atoms can be from 1 to 100, or from 1 to 40;
the double bonds of a terminal olefin may be mono- or bi-substituted and the double
bond of an internal olefin may be bi-, tri-, or tetrasubstituted. In some cases, an internal

olefin is bisubstituted.

Non-limiting examples of molecules comprising terminal olefins are substituted and un-
substituted linear alkyl internal olefins such as C4-Cjs olefins (e.g., 1-butene, 1-pentene,
1-hexene, 1-heptene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-
octadecene, 1-eicosene, allylbenzene, allyltrimethylsilane, methyl-10-undecenoate, al-
lylboronic acid pincol ester, allylbenzylether, N-allyl-4-methylbenzenesulfonamide, al-

lylaniline, methyl-9-decenoate, allyloxy(tert-butyl)dimethyl silane, allylcyciohexane, etc.).
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In one embodiment, the olefin having a terminal olefinic double bond is of formula
RCH=CH,, wherein R is selected from H, alkyl, alkenyl, aryl, heteroalkyl, heteroalkenyl,

heteroaryl, or acyl, optionally substituted.

The term "cyclic olefin" refers to any cyclic species comprising at least one ethylenic
double bond in a ring. The atoms of the ring may be optionally substituted. The ring may
comprise any number of carbon atoms and/or heteroatoms. In some cases, the cyclic
olefin may comprise more than one ring. A ring may comprise at least 3, at least 4, at
least 5, at least 6, at least 7, at least 8, or more, atoms. Non-limiting examples of cyclic
olefins include norbornene, dicyclopentadiene, bicyclo compounds, oxabicyclo com-
pounds, and the like, all optionally substituted. "Bicyclo compounds" are a class of com-
pounds consisting of two rings only, having two or more atoms in common. "Oxabicyclo
compounds" are a class of compounds consisting of two rings only, having two or more

atoms in common, wherein at least one ring comprises an oxygen atom.

The term "substituted" is contemplated to include all permissible substituents of organic
compounds, "permissible" being in the context of the chemical rules of valence known to
those of ordinary skill in the art. Examples of substituents include, but are not limited to,
alkyl, aryl, arylalkyl, cyclic alkyl, heterocycloalkyl, hydroxy, alkoxy, aryloxy, perhaloal-
koxy, arylalkoxy, heteroaryl, heteroaryloxy, heteroarylalkyl, heteroarylalkoxy, azido, ami-
no, halogen, alkylthio, oxo, acylalkyl, carboxy esters, carboxyl, -carboxamido, nitro,
acyloxy, aminoalkyl, alkylaminoaryl, alkylaryl, alkylaminoalkyl, alkoxyaryl, arylamino, ar-
ylalkylamino, alkyléulfonyl, -carboxamidoalkylaryl, -carboxamidoaryl, hydroxyalkyl,
haloalkyl, alkylaminoalkylcarboxy-, aminocarboxamidoalkyl-, cyano, alkoxyalkyl,

perhaloalkyl, arylalkyloxyalkyl.

The term “alkyl” encompasses saturated aliphatic groups, including straight-chain alkyl
groups, branched-chain alkyl groups, cycloalky! (alicyclic) groups, alkyl substituted cy-
cloalkyl groups, and cycloalkyl substituted alkyl groups. In certain embodiments, a
straight chain or branched chain alkyl has about 30 or fewer carbon atoms in its back-
bone (e.g., C4-Cj for straight chain, C3-C3o for branched chain), and alternatively, about
20 or fewer. Likewise, cycloalkyls have from about 3 to about 10 carbon atoms in their

ring structure, and alternatively about 5, 6 or 7 carbons in the ring structure. In some em-
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bodiments, an alkyl group may be a lower alkyl group, wherein a lower alkyl group com-
prises 10 or fewer carbon atoms in its backbone (e.g., C4-Cy, for straight chain lower al-
kyls).

In one embodiment, the term “alky” encompasses C1-C4 alkyl such as methyl, isopropyl

or t-butyl.

The term “alkyl’ also encompasses bridged hydrocarbon residues such as the adamantyl
residue, particularly the adamant-1-yl residue. Such residue is e.g. disclosed in com-
pounds 9, 16, 46, 48, 49 as residue R'.

The term “alkyl’ also encompasses anellated ring systems such as the fluorene-9-yl resi-

due such as the 9-phenyl-fluorene-9-yl residue.
The term “t-Bu” denotes a tertiary buty! group.

The term “alkoxy” refers to the group —-O-alkyl, wherein alkyl has the meaning as defined

above in connection with the term alkyl.

A preferred alkoxy residue is 9-phenylfluorene-9-yloxy as disclosed in compounds 28,
29, 30, 47, 49, 53, 58, 72 as residue R*and in compounds 49 and 72 as residues R*and
R®.

A further preferred alkoxy residue is triphenylmethyloxy (triphenylmethoxy) as disclosed
in compound 23, 25, 27, 45, 52 as residue R

A further preferred alkoxy residue is tri(4-methylphenyl)methyloxy [tri(4-

methylphenyl)methoxy] as disclosed in compound 62 as residue R*.

A further preferred alkoxy residue is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy as dis-
closed in compound 39 as residue R* and in compounds 38, 40 as residue R* and resi-
due R®.
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A further preferred alkoxy residue is 2-methyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy as dis-

closed in compound 71 as residue R* and in compound 72 as residue R* and residue R®.

A further preferred alkoxy residue is t-butyloxy as disclosed in compound 90 as residue

R* and residue R®.

A further preferred alkoxy residue is 9-phenyl-9-fluorene-9-yloxy as disclosed in com-
pounds 29, 30, 47, 53, 58 as R* and in compound 49 and 81 as R* and R®.

The term “alkenyl’ refers to olefinic groups as described above. The alkenyl group may
be optionally substituted with the substituents defined above.

The term "aryl" refers to aromatic carbocyclic groups, optionally substituted, having a
single ring (e.g., phenyl), multiple rings (e.g., biphenyl), or multiple fused rings in which at
least one is aromatic (e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl, anthryl, or phenanthryl).
That is, at least one ring may have a conjugated 1 electron system, while other, adjoin-
ing rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, and/or heterocyclyls. The

aryl group may be optionally substituted, as described herein.

The term "carbocyclic aryl groups" as used herein refers to aryl groups wherein the ring
atoms on the aromatic ring are carbon atoms. Carbocyclic aryl groups include monocy-
clic carbocyclic aryl groups and polycyclic or fused compounds (e.g., two or more adja-
cent ring atoms are common to two adjoining rings) such as naphthyl groups. In some
cases, the aryl groups may include monocyclic carbocyclic aryl groups and polycyclic or
fused compounds (e.g., two or more adjacent ring atoms are common to two adjoining
rings) such as naphthyl group. Non-limiting examples of aryl groups include phenyl,

naphthyl, tetrahydronaphthyl, indanyl, indenyl, and the like.

A preferred aryl residue is 2,6-diisopropylphenyl as defined in compounds 1, 2, 6, 7, 8,
10, 11, 14, 17, 18, 19, 22, 23, 24, 25, 28, 29, 31, 32, 33, 34, 35, 36, 37, 38, 39, 41, 42,
43, 44, 50, 54, 56, 57, 58, 60 as residue R'.

A further preferred aryl residue is 2,6-dichlorophenyl as defined in compounds 3, 4, 5,
20, 21, 26, 27, 30, 52, 53, 59, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71 as residue R’
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A further preferred aryl residue is 2,6-dimethylphenyllas defined in compounds 8, 12, 13,
15, 39, 40, 45, 47, 51, 55, 61 as residue R'.

The term “phenoxy” refers to the group CgHsO -.
The term “thiophenoxy” refers to the group CgHsS -

This phenoxy or thiophenoxy residue rhay be substituted with up to five substituents in-
dependently selected from alkyl, preferably C4-C, alkyl such as methyl, isopropyl or t-
butyl, alkoxy, preferably C4-C,4 alkoxy, phenoxy, phenyl, halogen.

A preferred phenoxy residue is 2,6-diphenylphenoxy as defined in compounds 1, 6, 8, 9

as residue R*.

A further preferred phenoxy residue is 4-bromo-2,6-diphenylphenoxy as defined in com-
pounds 14, 15, 33, 68 as residue R*.

A further preferred phenoxy residue is 4-fluoro-2,6-diphenylphenoxy as e.g. disclosed in
compounds 34, 36, 63, 67 as residue R*.

A further preferred phenoxy residue is 4-methyl-2,6-diphenylphenoxy as defined in com-
pounds 41, 42, 65 as residue R*.

A further preferred phenoxy residue is 2,4,6-triphenylphenoxy as defined in compounds
43, 44, 64, 66 as residue R*.

A further preferred phenoxy residue is 4-fluoro-2,6-dimesitylphenoxy as defined in com-
pounds 35, 37, 69 as residue R*.

A further preferred phenoxy residue is 2,6-di-tert.-butylphenoxy as defined in compounds
59, 62 as residue R*.

A further preferred phenoxy residue is 4-bromo-2,6-di-tert.-butylphenoxy as defined in

compounds 3, 17 as residue R*.
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A further preferred phenoxy residue is 4-methoxy-2,6-di-tert.-butylphenoxy as defined in

compounds 5, 19 as residue R*.

A further preferred phenoxy residue is 4-methyl-2,6-di-tert.-butylphenoxy as defined in

compound 7 as residue R*.

A further preferred phenoxy residue is 2,4,6-tri-tert.-butylphenoxy as defined in com-

pounds 4, 18 as residue R*.

A further preferred phenoxy residue is 2,3,5,6-tetraphenylphenoxy as defined in com-

pounds 10, 12 as residue R*.

A further preferred phenoxy residue is 4-bromo-2,3,5,6-tetraphenylphenoxy as defined in

compounds 11, 13, 16 as residue R*.

A further preferred phenoxy residue is 2,6-di(4-bromophenyl)-3,5-diphenylphenoxy as

defined in compounds 53, 54 as residue R*.

A further preferred phenoxy residue is 4-bromo-2,6-di(4-bromophenyl)-3,5-

diphenylphenoxy as defined in compounds 32, 60 as residue R*.

A further preferred phenoxy residue is

TBSO l

as defined in compound 56 as residue R*. TBS denotes a t-butyldimethylsilyl group.

A further preferred phenoxy residue is
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as defined in compound 58 as residue R*. Me denotes a methyl group.

A further preferred phenoxy residue is 4-dimethylaminophenyl-2,6-diphenylphenoxy as
residue R* as e.g. defined in structures 159, 160, 161, 162, 167, 168, 169, 170.

A further preferred phénoxy residue is 2,6-di(2,4,6-triisopropylphenyl)phenoxy as residue

R* as e.g. defined in structure 174.

Another preferred residue is quinolone-8-oxy as residue R* as e.g. defined in structure
94 and 97.

A preferred thiophenoxy residue is 2,6-diphenylthiophenoxy, 4-bromo-2,6-
diphenyithiophenoxy, 4-fluoro-2,6-diphenylthiophenoxy, 4-methyl-2,6-
diphenylthiophenoxy, 2,4,6-triphenylthiophenoxy, 4-fluoro-dimesitylthiophenoxy, 2,6-di-
tert.-butylthiophenoxy,  4-bromo-2,6-di-tert.-butylthiophenoxy, 4-methoxy-2,6-di-tert.-
butylthiophenoxy, 4-methyl-2,6-di-tert.-butylthiophenoxy, 2,4,6-tri-tert.-butylthiophenoxy,
2,3,5,6-tetraphenyithiophenoxy, 4-bromo-2,3,5,6-tetraphenylthiophenoxy, 2,6-di(4-
bromophenyl)-3,5-diphenylthiophenoxy, 4-bromo-2,6-di(4-bromophenyl)-3,5-

diphenylthiophenoxy as residue R*.

The term "heteroaryl" as used herein refers to aryl groups as described herein in which
one or more atoms is a heteroatom (e.g., oxygen, nitrogen, sulfur, and the like), optional-
ly substituted. Examples of aryl and heteroaryl groups include, but are not limited to,
phenyl, aryloxy, pyrrolyl, furanyl, thiophenyl, imidazolyl, oxazolyl, thiazolyl, triazolyl, pyra-
zolyl, pyridinyl, pyrazinyl, pyridazinyl and pyrimidinyl, and the like.
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A preferred heteroaryl residue is the pyrrol-1-yl residue as e.g. disclosed in compounds
2,3,4,5,6,7,17, 18, 19, 20, 25, 28, 33, 34, 37, 41, 43, 51, 52, 58, 59, 62, 65, 66, 67,
68, 69, 70 as residue R°.

A further preferred heteroaryl residue is the 2,5-dimethylpyrrol-1-yl residue as e.g. dis-
closed in compounds 1, 8, 9, 10, 11, 12, 13, 14, 15, 16, 21, 22, 23, 24, 26, 27, 29, 30, 31,
32, 35, 36, 39, 42, 45, 44, 47, 57, 61, 63, 64 as residue R®.

The term "heteroalkyl' refers to alkyl groups as described herein in which one or more
atoms is a heteroatom (e.g., oxygen, nitrogen, sulfur, and the like). Examples of het-
eroalkyl groups include, but are not limited to, alkoxy, poly(ethylene glycol)-, alkyl-
substituted amino, tetrahydrofuranyl, piperidinyl, morpholinyl, etc.

The term “halogen” refers to F, Cl, Br, .

The term “acyl’ refers to H, alkyl, alkenyl, aryl, heteroalkyl and heteroaryl groups as de-
fined above, which are linked to another atom or to another moiety such as a olefinic

double bond via a carbonyl group.

The term “triphenylsilyloxy” refers to the preferred group (CgHs)3SiO which is e.g. dis-
closed in compounds 2, 20, 21, 22, 24, 46, 49, 50 as residue R*and in compounds 46,

50 additionally as residue R®.

The term “triisopropylsilyloxy” refers to the preferred group (CH3),CHSIO as e.g. dis-

closed in compound 137.

The term “comprising” is used in the meaning of “including but not limited to”.

The term “consisting of’ is Used in the meaning “including and limited to”.

The term “feedstock” encompasses the compounds used as starting material in the reac-
tion according to the invention, i.e. first olefin and/or said second olefin and further prod-

ucts accompanying said olefin(s). said further olefins are termed as “by-products”. In one

embodiment, the feedstock comprises at least 99 % by weight of the first and/or the sec-
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ond olefin based on the total weight of the feedstock, the remainder being by-products,
or at least 99.5 % by weight. By-products are e.g. water, alcohols, aldehydes, peroxides,

hydroperoxides.

The term “first or second olefin” is in one embodiment synonymously used with the term

“first and second olefin”.

The term “by-product’ is synonymously used with the term “contaminant’.

The term “physical purification” encompasses: distilling said by-products off, or distilling
said feedstock, or adsorbing said by-products.
The term “chemical purification” encompasses: subjecting the by-products to a chemical

reaction.

The term “chemical reaction” encompasses a reaction in which at least one compound
such as a by-product accompanying said first and/or second olefin is converted into an-
other compound. Thus, the term “chemical reaction” refers to a process in which in a

compound a new bond is formed.

The term “substrate” encompasses the first and/or the second olefin, i.e. the olefin(s) to

be converted in a metathesis reaction.

The term “protic material’ encompasses any material that is suitable to release a proton,

or from which protons may be removed.

The term “polar material’ encompasses any material that has polar groups such as hy-
droxyl groups, carboxylic groups, aldehyde groups, cyano groups, nitrile groups, sul-

fonate groups, phosphate groups, ester groups.

The term “Lewis base catalyst poisons” encompasses any compound which has a free

pair of electrons.
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The term “means” in connection with purification encompasses any method or material
which is/are suitable to at least partially destroy or remove a by-product that is contained

in a feedstock comprising a first and a second olefin.

The term “optionally substituted” as used herein encompasses the substitution of a phe-
nyl ring or an alkyl chain with one or more substituents selected from the group consist-
ing of: halogen, hydroxyl, protected hydroxyl, C 14 dialkylamino, optionally substituted C
1.4 alkyl, optionally substituted C 1.4 alkyloxy, optionally substituted phenyl, optionally sub-
stituted phenyloxy.

The term “protected hydroxyl" encompasses the protection with Si-containing groups
such as trimethylsilyl (TMS), triethylsilyl (TES), t-butyldimethylsilyl (TBS, TBDMS), triiso-
propylsilyl (TIPS), and t-butyldiphenylsilyl (TBDPS).
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Examples

1. Synthesis of catalysts

All reactions were carried out in owen-(120 °C)dried glassware under an inert
atmosphere of N2 unless otherwise stated. Alcohols were dried by azeotropic distillation
with CgDs prior to use in reactions with Mo- or W-based reagents. '"H NMR were
recorded on a Varian XL-200 (200MHz) spectrometer. Chemical shifts are reported in
ppm from tetramethylsilane with the tetramethylsilane resonance as the internal
reference (6 0.00). Data are repbrted as follows: chemical shift, integration, multiplicity

(s=singulet, d=doublet, t=triplet, hept= heptate, br= broad, m=multiplet).

Example 1 N-[(2,5-dimethyl-1H-pyrrol-1-yl)(2-methyl-2-phenylpropylidene)2,4,6-

triphenylphenoxymolybdenumylidene]-2,6-bis(propan-2-yl)aniline (novel compound 44)

In a N2-filled glovebox, a 100mL pear-shaped flask with magnetic stirbar was charged
with N-[bis(2,5-dimethyl-1H-pyrrol-1-yl)(2-methyl-2-phenylpropylidene)-
molybdenumylidene]-2,6-bis(propan-2-yl)aniline (959.5mg, 1.6mmol) and Et,O (16mL). A
30mL vial was charged with 2 4,6-triphenylphenol (522.8mg, 1.6mmol) and Et,O (4mL).
The Mo-bis(pyrrolide) solution was allowed to stir and the phenol solution was added to it
by pipet. The vial containing the phenol was rinsed with Et,O (2mL), which was similarly
transfered to the reaction mixture. After 2h at 22 °C, volatiles were removed under
reduced pressure and the resulting red oil was triturated with n-pentane (10mL) to afford
an orange precipitate. The flask was sealed and allowed to cool to -38 °C (glovebox
freezer) for 12 h. The orange precipitate was collected by vacuum filtration and washed
with cold pentane (~5mL) to afford the titted compound as an orange powder (1,1g,
1.3mmol, 82.8% yield). '"H NMR (200 MHz, C¢D¢): & 11.42 (1H, s), 7,63-7.56 (8H, m),
7.22-6.88(17H, m), 6.10 (2H, s), 3.13(2H, hept), 2.25 (6H, br s), 1.54 (3H, s), 1.21 (3H,
s), 0.96 (6H, d), 0.84 (6H, d).
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Example 2: 2,6-dichloro-N-[(2,5-dimethyl-1H-pyrrol-1-yl)(2,2-dimethylpropylidene)4-

fluoro-2,6-diphenylphenoxytungstenylidenelaniline (novel compound 63)

In a N2-filled glovebox, a 100mL pear-shaped flask with magnetic stirbar was charged
with N-[bis(2,5-dimethyl-1H-pyrrol-1-yl)(2,2-dimethylpropylidene)tungstenylidene]-2,6-
dichloroaniline (1.5g, 2.5mmol) and Et,O (19mL). A 30mL vial was charged with 4-fluoro-
2,6-diphenylphenol (658.3mg, 2.5mmol) and Et,O (6mL). The W-bis(pyrrolide) solution

was allowed to stir and the phenol solution was added to it by pipet. The vial containing

. the phenol was rinse with Et;O (2mL), which- was similarly transfered to the reaction

mixture. After 2h at 22 °C, volatiles were removed under reduced pressure and the
resulting orange solid was triturated with n-pentane (15mL) to afford a yellow precipitate.
The flask was sealed and allowed to cool to -38 °C (glovebox freezer) for 12 h. The
orange precipitate was collected by vacuum filtration and washed with cold pentane
(~5mL) to afford the titled compound as an orange powder (1,6g, 2.1mmol, 83.3% yield).
'"H NMR (200 MHz, CgDg): 6 8.06 (1H, s), 7,39-7.35 (4H, m), 7.10-6.78(10H, m), 6.18
(1H, t), 6.13 (2H, s), 2.17 (6H, s), 1.00 (9H, s).

The compounds were characterized by means of 1H NMR spectroscopy and the respec-

tive shift (ppm) of the respective alkylidene H (CsDg) as set forth in the following Table 1:

Compound Formula ppm

1 C46H50MoN20 11.38
2 C44H48MoN20Si 12.07
3 C29H37BrCI2N20W 10.17
4 C33H46CI2N20W 10.36
5 C30H40CI2ZN202W 10.33
6 C44H46MoN20 11.96
7 C41H56MoN20 13.04
8 C42H42MoN20 11.31
9 C44H48MoN20 10.98
10 C58H58MoN20 11.42
11 C58H57BrMoN20 11.51
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12 C54H50MoN20 11.22
13 C54H49BrMoN20 11.28
14 C46H49BrMoN20 11.27
15 C42H41BrMoN20 11.24
16 C56H55BrMoN20 11.03
17 C40H53BrMoN20 12.94
18 C44H62MoN20 13.00
19 C41H56MoN202 13.03
20 C33H32CI2N20SiW 9.23

21 C35H36CI2N20SiOW 8.97

22 C46H52N20SiW 9.00

23 C47H52MoN20 10.69
24 C46H52MoN20S;i 11.93
25 C45H48MoN20 11.34
26 C38H42Br2CI2N202W 9.85

27 C36H36CI2N20W 7.73

28 C45H46MoN20 11.02
29 C47H50MoN20 10.92
30 C36H34CI2N20W 7.80

31 C37H42F6MoN20 12.29
32 C58H55Br3MoN20 11.77
33 C44H45BrMoN20 11.85
34 C44H45FMoN20 11.88
35 C52H61FMoN20 11.57
36 C46H49FMoN20 11.29
37 C50H57FMoN20 11.62
38 C40H39F 12MoNO2 12.34
39 C33H34F6MoN20 12.50
40 C36H31F12MoNO2 12.28
a1 C45H48MoN20 11.96
42 C47H52MoN20 11.40
43 C50H50MoN20 11.98
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44 C52H54MoN20 11.41
45 C43H44MoN20 10.95
46 C56H57MoNO2Si2 11.08
47 C43H42MoN20 11.08
48 C58H53MoNO2 10.25
49 C58H59N0O2Si2W 7.94
50 C54H51MoNO2Si2 11.22
51 C34H32CI2N20W
52 C34H30CI2ZN20W
53 | C58H56Br2MoN20 11.63
54 C54H48Br2MoN20 11.46
55 C49H58Br2N202wW 9.82; 9.79
56 C54H70Br2N202SiW 9.46; 9.43
57 C47H50N20W 7.94
58 C36H38Br2CI2N202W 9.95;9.74
59 C40H54MoN20 13.01
60 C54H47Br3MoN20 11.55
61 C39H42CI2N20W 7.68
62 C29H38CI2N20W 10.30
63 C35H33CI2FN20W 8.06
64 C41H38CI2ZN20W 8.17
65 C34H32CI2N20W 9.09
66 _ C39H34CI2N20W 9.13
67 C33H29CI2FN20W 8.98
68 C33H29BrCI2N20W 8.98
69 C39H41CI2FN20W 8.64
70 C30H40CI2ZN20W 10.32
71 C32H40FsMON,0 12.40
72 C30H35F12MONO, 12.09
73 Cs6HasMON,03 11.93
74 C34H40Cl;MON,0 12.54
75 C34H37FsMoON,O 12.69
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76 CsqH70Br,MoN,0,5i

77 Cs9HssBr,MoN,0, 12.78; 12.76

78 Cs4Hes2BroMoN,0,S5i 12.91; 11.58

79 CagHsoBroMoN,0, 12.83; 11.64

80 Cs2HesBroMoN;0O,Si 12.89; 12.87

81 C47Hs54BroMoN,O, 12.80; 12.58

82 C42H4sMONO, 11.72

83 C4oHa7BrMoNO, 12.42

84 CaqHssFsMONO, 11.62

85 CsgHssMoNO, 11.48

86 C4q7Hs3BrFgMoNO;3 12.32;12.25

87 CazHs4Br,ClIoN,O,SiW 9.78; 9.16

88 CaoHssMON,0 12.24

89 CasHs1MONO, 11.20

90 C30H47MONO; 11.27

9 Cs1HssMON,0; 12.48

92 Cs4H70BroMoN,0O,Si 12.89; 12.41

93 CsoHes2BrMoN,O,Si 12.98; 12.94

94 C37Ha3MON30 12.07

95 Cse6H70F6MON,O,Si 12.90; 12.42

96 CeoHesMONO, 11.06

97 C3sHsgFgMON,0, 13.66

98 Cz0HggMoN,O,Si 11.6

99 CsqHseFgsMoON,0,Si 12.15; 12.09

100 CagHasFsMON,0; 12.02; 11.99

101 Cs1HgsClN,OW

102 Cs2HggBraMoN,0,Si 12.52; 12.87

103 Ca6H27F12MONO, 12.12

104 CasHsoBr,MoN,0; 13.13; 12.75

105 C3gH3gBroMoNO; 12.87

106 CsoHs4BroMoN,0,Si 12.85; 11.67

107 CesH7sMON,0,Si 12.0; 11.57
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108 Cs2He2FsMON,O,Si 12.87; 12.8

109 C47Hs6Br,MoN,0; 13.00; 12.59

110 CsaHgoBr,MoN,0,Si 12.80; 12.47; 11.22

111 CeoHgaBraMoNO, 12.78

112 CagH33F1,MONO; 11.85; 13.10

113 CsqHesFsMON,0,Si 12.63; 12.23; 12.93

114 CaoHssBroMoNO» 12.97

115 C70Hg9oMON,0,Si 11.23; 11.67

116 Ce2He9BrsMoNO, 12.57

117 C72Hg3BraMoNO,Si; 12.64

118 Ceg2HgaMONLO 12.16

119 C41Hs0BryCl;N,05SIW 10.01; 9.98

120 Cs2H41FMON,O 11.22

121 CsgHa6MON,0 11.33

122 CagHs3FMON,0 11.51

123 C47H41BrCI2N20W Overlap with aromatic pro-
tons

124 C47H39Br3CI2N20W Overlap with aromatic pro-
tons

125 CsoHs2MoN,0 10.95

126 Ca4H47BrMoN,0 10.85

127 CsoHsgFMON,0 10.91

128 Co4H22Cl:FgNL,OW 9.58

129 C37H4:FgN,OW 9.23

130 C3sH33BrCl,N,OW 8.04

131 C41H4sCILFN,OW 8.37

132 Cs2HssNoOW 8.51

133 CaeHagFN,OW 8.37

134 CaeHagBrN,OW 8.4

135 CsoHe1 FN,OW 8.63

136 CsgHssBrsN,OW 8.79

137 Ca6H42ClN,0SIW 9.53
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138 Cs7HssMON,OSi 12.43
139 Cs6Hs3BrMoN,0 11.82
140 CasHasMON,0 11.32
141 CasHsoMONZO 10.98
142 CasH3Cl,N,0W 8.14
143 C56H54MoN20 11.39
144 C58H58N20W 8.42
145 CsgHs1BrsMoN,0 11.59
146 CazH3sFsMoN,0 10.89
147 CaoHs,BroFsMoON,0,5i 12.37
148 CagHs3BroFsMoN,0,Si 12.24
149 CaiHasFsMoN,O 10.92
150 CasHa7FMON,O 10.84
151 C40HA6N20W 8.72
152 C29H30CI2N20W 8.72
153 C40H46MoN20 11.49
154* C47H42CI2N20W 7.86
155 C41H56N20W 10.28
156 C41H56N202W 10.28
157 C40H53BrN20W 10.18
158 CA4H62N20W 10.27
159 C46H51N30W 9.23
160 C48H55N30W 8.42
161 C46H51MOoN30 11.97
162 C48H55MoN30 11.33
163 C44HA5FN20W 9.14
164 CA5H48N20W 9.22
165 C50H57FN20W 8.94
166 C50H50N20W 9.23
167 C35H35CI2N30W 9.1
168 C37H39CI2N30W 8.13
169 C46H53MoN30 10.94
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170 C44H47MoN30 11.27
171 C52H66Br2N202SiW 10.26; 10.04
172 C47H54Br2N202W 9.97,9.72
173 C44HA45BrN20OW 9.1
174 C62H82N20W 9.95
175 C59H73F3MoN20 12.31
176 C33H30CI2ZN20W 9,08
177 C44H46N20W 9.21
178 C35H34CI2N20W 8.15
179 C46H50N20W 8.48

Table 1: Compounds used as catalyst for metathesis reactions according to the inven-

tion

*In case of compound 154 a different chemical shift of the alkylidene signal of the
complex (7.86 ppm) was detected than described in the literature
US 20110077421, WO 2011040963 (11.04 ppm) which is unusually high for that

kind of complexes.

Compounds 180 to 291 were also characterized by means of 1H NMR spectroscopy and

10  the respective shift (ppm) of the respective alkylidene H (C¢Dg) as set forth in the respec-

tive formulas. Additionally, the formula weight is indicated.

2. Screening of various compounds in ring closure metathesis (RCM) of diethyl

diallylmalonate according to the following Scheme 1:

15

EtO,C COEt toluene, r.t., "vented-vial", 4hr

™ = substrate/catalyst : 2500:1

-

EtO,C CO,Et

1 2

Scheme 1
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Metathesis catalysts were tested in RCM of diethyl diallylmalonate. The reaction was
characterized by the conversion data. Compounds 1, 10 and 154 are known compounds,
compounds 11, 42, 123, 142, 162, 168, 178 are novel. Results are summarized at Table
2.

Molar
ratio
Cat. T Time c Conv.
Entry Catalyst/ Solvent
No. (°C) [h] (mol/L) | (%)
olefin .
1 10 1:2500 [25°C |[4h toluene |1 85
2 11 1:2500 [(25°C |(4h toluene | 1 87
3 154 1:2500 [(25°C |(4h toluene |1 99
4 123 1:2500 [25°C |[4h toluene | 1 98
5 1 1:2500 [25°C |4h toluene | 1 51
6 178 1:2500 [25°C | 4h toluene {1 97
7 42 1:2500 [|25°C {4h toluene | 1 58
8 142 1:2500 (25°C |4h toluene | 1 99
9 162 1:2500 (25°C |4h toluene | 1 71
10 168 1:2500 [25°C {4h toluene | 1 98

Table 2. Results of diethyl diallyimalonate (1) self-metathesis in the
presence of different metathesis catalysts at 760 Torr
Conversion = [(area of diethyl cyclopent-3-ene-1,1-dicarboxylate 2) /

(area of diethyl cyclopent-3-ene-1,1-dicarboxylate 2 ) + (area of diethyl

diallyimalonate 1)] without calibration.

Entry 1-2, 4-9: All manipulation was performed under the inert atmosphere of the glove-
box. Diethyl diallylmalonate (2.5 mmol, 604 pL) (substrate) was measured into a 10 ml
glass vial and dissolved in toluene (abs 1.9 mL). 0.1 M stock solution (1 pmol, 10 pL) of
the catalyst was added at r.t. and the vial was capped with a perforated cap to vent out

the evolving ethylene. The reaction mixture was stirred at the same temperature for 4h
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then it was taken out from the glovebox and its volume was diluted to 10 mL with EtOAc.
1 mL of this solution was poured onto the top of a silica column (1.0 mL) and eluted with
EtOAc (10 mL). The collected eluate was analyzed by GCMS.

Entry 3: The manipulation was performed under the inert atmosphere of the gilovebox.
Diethyl diallylmalonate (2.5 mmol, 604 pL) was measured into a 10 ml glass vial and dis-
solved in toluene (abs 1.9 mL). 0.05 M stock solution (1 umol, 20 L) of catalyst 154 was
added at r.t. and the vial was capped with a perforated cap to vent out the evolving eth-
ylene. The reaction mixture was stirred at the same temperature for 4h then it was taken
out from the glovebox and its volume was diluted to 10 mL with EtOAc. 1 mL of this solu-
tion was poured onto the top of a silica column (1.0 mL) and eluted with EtOAc (10 mL).

The collected eluate was analyzed by GCMS.

Materials: Diethyldiallylmalonate was purchased from Sigma-Aldrich. It was purged with
nitrogen and transferred to the glovebox. It was percolated twice on 2 x 25 weight% acti-

vated alumina, and stored on molecular sieve.

All reactions under the glovebox were carried out in ovendried (140°C) glassware under
an inert atmosphere of N2 unless otherwise stated. All catalyst was used as 0.1 M stock
solution in C¢Dg or benzene except 154 which was used as a 0.05M solution in CgDe.

GCMS chromatograms were recorded on a Shimadzu GC2010 Plus instrument

3. Screening of various compounds in homo cross metathesis (HCM) of 2-

allylphenylacetate

Preparation of 2-allylphenylacetate according to Scheme 2

OH )j\o

(o _
DMAP, EtsN ©/\/

CH,Clp 0°C -rit.

1 2

Scheme 2
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2-allylphenol (0.5 mol) was dissolved in CH,Cl, (1L) under nitrogen. EtsN (139 mL, 1
mol,) and DMAP (1.83 g, 0.015 mol) were added in one portion. The mixture was cooled
to 0°C with an ice bath and acetic anhydride was added to it drop-wise, keeping the tem-
perature below 10 °C. The reaction mixture was stirred for 2 h at 0-5°C and monitored by
TLC (10% EtOAc in heptane). The ice bath was removed, the reaction mixture was ex-
tracted with water (2x500 mL) and brine (300 mL). The solvent was evaporated and the
product was purified by vacuum distillation (bp: 101 °C at 11 torr). The main fraction was
purged with nitrogen; transferred into a nitrogen filled glovebox and filtered through on
activated alumina pad (20 weight%) to afford 2 as a transparent liquid. (50 mL, 58.6%).
GC-MS: 99.6%, [allylphenol traces (0.037%) are also detected], 'H NMR (200 MHz,
Chloroform-d): & 2.23 (s, 3H),.3.23 (s, 2H), 4.94-4.98 (m, 1H), 5.03-5.04 (m, 1H), 5.73-
5.93 (m, 1H), 6.94-7.22 (m, 4H), consistent.

Before metathesis reaction the substrate was further stirred with 0.037-0.1 mol%

triethylaluminium (r.t. during 1 h) to deactivate free phenol and water traces.

2-allylphenylacetate was subjected to HCM according to Scheme 3

A

o "0
A catalyst

Y

r.t., "vented-vial"

Scheme 3

Metathesis catalysts were tested in HCM of 2-allylphenylacetate using different sub-
strate/catalyst ratios. The reaction was characterized by the conversion data. Catalysts
according to the invention were compared to known compounds 1 and 10. Prior to the

metathesis reaction, novel compound 2 was purified by means of Et;Al
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Compound 162 gave a remarkable result. A higher conversion was detected than in case

of the known compound 1 for a high loading with olefin. Compounds 11, 42 and 162 are

novel. Results are summarized at Table 3.

Et;Al Ad- | Molar b ¢ ZIE
T Time Conv.
Entry | Cat. | ditive ratio . TON Isomer
| (°C) |[h] [%] :
(mol %) cat/olefin ratio
1 1 0.1 1:1000 |rt 2.5 93 456 17/83
2 1 0.085 1:1000 |r.t 2.5 92 453 20/80
3 42 0.085 11:1000 |rt. 2.5 90 - 441 20/80
4 162 | 0.085 1:1000 |rt 2.5 95 464 16/84
5 10 0.085 1:10000 | r.t. 2.5 64 3144 19/81
6 11 0.085 1:10000 |r.t 2.5 66 3218 21/79
7 1 0.085 1:10000 | r.t. 2.5 48 2340 24/76
8 42 0.085 1:10000 |rt. 2.5 44 2161 22/78
9 162 | 0.085 1:10000 |r.t. 2.5 67 3299 18/82

Table 3. Resuits of allylphenylacetate (2) self-metathesis in the

Experimental:

presence of different metathesis catalysts at 760 Torr

®Conversion = [area of (1,4-di(2-acetyloxyphenyl)-2-butene 3) x 2)
/ area of ((1,4-di(2-acetyloxyphenyl)-2-butene 3) x 2 + area of 2-
allylphenylacetate 2)). (based on calibrated GCMS data) “The E/Z
isomers were separable in GC. The E isomer could be isolated by

flash chromatography and characterized by NMR. TON = Turn

Over Number.

Entry 1. All manipulation was performed under the inert atmosphere of the glovebox. 2-

allylphenylacetate was pretreated with 0.1 mol % Et;Al (25 weight% in toluene). The pre-

treated substrate stock solution (171 ul, 1 mmol) was meaured into a 4 ml glass vial. 0.1

M stock solution of catalyst 11 (1 umol, 10 pL) was added at r.t. and the vial was capped

with a perforated cap to vent out the evolving ethylene. The reaction mixture was stirred
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at the same temperature for 2.5 h. The reaction mixture was taken out from the glovebox
and quenched with ethyl acetate. Internal standards, mesitylene (c=60 mg/mL) and pen-
tadecane (c=60 mg/mL) were added, the solution was poured onto the top of a silica col-
umn (1.0 mL) and eluted with EtOAc (10 mL). The collected eluate was analyzed by
GCMS. Conversion: 93%, TON: 456, Z/E Isomer ratio: 17/83

Entry 9. All manipulation was performed under the inert atmosphere of the glovebox. 2-
Allylphenylacetate was pretreated with 0.085 mol % Et;Al (25 weight% in toluene). The
pretreated substrate stock solution (1711 pl, 10 mmol) was meaured into a 10 ml glass
vial. 0.1 M stock solution of compound 162 (1 pmol, 10 pL) was added at r.t. and the vial
was capped with a perforated cap to vent out the evolving ethylene. The reaction mixture
was stirred at the same temperature for 2.5h. The reaction mixture was taken out from
the glovebox and quenched with ethyl acetate. Internal standards, mesitylene (c=60
mg/mL) and pentadecane (c=60 mg/mL) were added and the volume of the mixture was
diluted to 10 mL. 1 mL of the solution was poured onto the top of a silica column (1.0 mL)
and eluted with EtOAc (10 mL). The collected eluate was analyzed by GCMS. Conver-
sion: 67%, TON: 3299, Z/E isomer ratio: 18/82

General:

All reactions under the glovebox were carried out in owendried (140°C) glassware under
an inert atmosphere of N, unless otherwise stated. All catalyst was used as 0.1 M stock

solution in CgDg or benzene.

TLC was performed on 0.25 mm Merck silica gel 60 F,s4 plates and visualized under UV
light (254 nm) and iodine vapor. GCMS chromatograms were recorded on a Shimadzu
GC2010 Plus instrument. '"H NMR were recorded on a Varian XL-200 (200MHz)
spectrometer. Chemical shifts are reported in ppm from tetramethylsilane with the
tetramethylsilane resonance as the internal reference (6 0.00). Data are reported as
follows: chemical shift, integration, multiplicity (s=singulet, d=doublet, t=triplet, hept=

heptate, br= broad, m=multiplet).
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4, Screening of various compounds in a homo cross metathesis reaction (HCM)

of allylbenzene at different catalyst loadings according to the following

Scheme 4:

X catalyst ‘
\/\© r.t., "vented-vial" O

1 2

Y

Scheme 4

4.1 Purification of crude allylbenzene by physicochemical pretreatment

Crude allylbenzene (substrate) was distilled under atmospheric pressure. Its peroxide
content was determined by titration and found to be 0.01 mol%. Then the substrate
was percolated on 20 weight% activated aluminum oxide 90 (active basic). By that
method hydroperoxide content could be decreased under the detection limit and wa-
ter content under 5 ppms. The percolated substrate was stored over molecular sieve

and applied in self-metathesis reaction using different catalysts.

The reaction was tested with novel compound 11 using different molar ratios of cata-
lyst/substrate. Results are summarized at Table 4. The selected catalyst gives prac-

tically complete conversion after 1h.

H a
Entry SCua;: | Teo) TH:}" C‘[’(;‘]’ E/Z ratio®
1 | 11000 | rt 1 97 85/15
2 | 11000 | rt. 18 | >09 | 86/14
3 | 15000 | rt. 1 97 86/14
4 | 15000 | rt 4 100 | 87/13
5 110000 rt 1 94 86/14
6 |110000]| rt. 4 97 87/13
7 [120000]| rt. 1 93 89/11
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8 1:20 000 r.t. 2 95 88/12
9 1:20 000 r.t. 4 96 89/11

Table 4. Results of allylbenzene (1) self-metathesis in the presence of

novel compound 11

#Conversion = [(area of 1,4-diphenylbutene 2) x 2 / ((area of 1,4-
5 diphenylbutene 2) x) 2 + area of allylbenzene 1]. °The E/Z isomers
were separable in GC. The mixture was measured by H NMR, and
the chemical shifts of isomers were compared to the literature data.
The major component was found to be the E isomer. %the catalyst

was used from 0.1 M stock solution in C¢Dg or benzene

10
The reaction was carried out with further catalysts as presented at Table 5 below. Com-
pound 10 is known, compounds 11, 21, 30, 32, 36, 42 are novel.
Entry | Cat. |Cat/Subs. | T(°C)| "'™M€ | conv.7ps] | E/% 5
[h] tio
1 10 1:20 000 r.t. 2 90 91/9
2 11 1:20 000 r.t. 2 95 88/12
3 21 1:20 000 r.t. 2 63 57/43
4 30 1:20 000 r.t. 2 41 26/74
5 32 1:20 000 r.t. 2 83 90/10
6 36 1:20 000 r.t. 2 92 87/13
7 42 1:20 000 r.t. 2 85 89/11
Table 5. Selected results of allylbenzene (1) self-metathesis in the
15 presence of various catalyst

Conversion = [(area of 1,4-diphenylbutene 2) x 2 / ((area of 1,4-
diphenylbutene 2) x) 2 + area of allylbenzene 1]. ®The E/Z isomers
were separable in GC. The mixture was measured by 'H NMR, and
the chemical shifts of isomers were compared to the literature data.

20 The major component was found to be the E isomer.
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Experimental:

Reactions in Table 5 were performed according to the following protocol: All manipula-
tion was performed under the inert atmosphere of the Glove-Box. Allylbenzene (20
mmol, 2650 L) was measured into a 10 ml glass vial. 0.1 M stock solution (1 pmol, 10
uL) of the catalyst was added at r.t. and the reaction mixture is stirred at the same tem-
perature for 2h. 100 pl sample was taken out from the Glove-Box and quenched with 2
mL EtOAc. The solution was poured onto the top of a silica column (1.0 mL) and eluted
with EtOAc (10 mL). From the collected elute 200 puL was analyzed by GCMS.

4.2 Purification of allylbenzene by a chemical purification step: Reaction of by-products

with trioctyl aluminum

Allylbenzene was purchased from Sigma-Aldrich (A29402-100ML, Lot No.: 55496LMV,
Certificate of analysis: 99.9%). In house GCMS analysis: 99.64% allylbenzene, 0.27%
cinnamaldehyde, 0.07 % unknown impurities. Hydroperoxide content: 0.68 mol% by titra-
tion. Water content by KF titration: 973 ppm, 0.63 mol%.

Crude allylbenzene was pretreated with different amount of Oc;Al. After pretreatment the
crude substrate was applied in metathesis reaction. The reaction was characterized by

the conversion data and the necessary amount of Oc;Al could be optimized.

0.8-1.2 mol% OcsAl efficiently removed impurities. The optimum was not determined be-
cause of the high conversion in each point. Results with known catalyst 1 are listed at
Table 6.

Oc,Al Conv. E/Z rati-

Entry [mol%] [%])° TON o”

1 0.2 0 0 —

2 0.4 0 0 —

3 0.5 0 0 —

4 0.6 2 78 67/33

5 0.7 37 1872 89/11

6 0.8 88 4407 88/12
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7 0.9 96 4810 | 87/13
8 1 95 4753 | 86/14
9 1.1 96 4800 | 86/14
10 1.2 96 4817 | 86/14
11 1.3 12 608 85/15
12 1.4 2 98 75125
13 1.5 0 0 -

Table 6. Application of OczAl pretreatment in allylbenzene self-

metathesis in the presence of 100 mol ppm of catalyst 1

_ Allylbenzene quality: crude, hydroperoxide/water content =
5 0.68%/0.63%, Additive: Oc;Al (25 weight% in hexane), Pretreat-
ment conditions: 18 h stirring at r.t, Catalyst: 1, S/C=10 000, Me-

tathesis conditions: 4h, rt ?Conversion = f[(area of 1,4-

diphenylbutene 2) x 2 / {(area of 1,4-diphenylbutene 2) x) 2 + area

of allylbenzene 1]. ®The E/Z isomers were separable in GC.

10
Table 7 presents the application of Oc;Al pretreatment in allylbenzene self-metathesis in
the presence of 50 mol ppm of known catalyst 1 and novel catalysts 178, 162, 168, 183,
184 and 123:
Entry | OC3Al Conversion [%]?
y [mol%] | 1 |178 | 162 | 168 | 183 | 184 | 11 123
1 0,9 91 | 18 | 48 64 48 85 34 90
2 1 95 | 83 | M 92 58 94 88 92
3 1,10 85 | 91 | 90 92 85 93 91 91
4 1,20 12 | 90 | 11 87 77 87 82 93
15
Table 7. Application of Oc;Al pretreatment in allylbenzene (1) self-
metathesis in the presence of 50 mol ppm catalysts
Pretreatment conditions: 18 h stirring at r.t, Catalyst / substrate =1 :
20 000, Metathesis conditions: 4h, r.t.
20

Table 8 presents the effect of the pretreatment time. It was found that under the given

conditions the reaction goes to completion practically in 2-4 h.
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Purlflc?::]on time Conv. [% ]b TON Elt%ol‘;a-
1 74 3677 88/12
2 91 4531 87/13
3 90 4524 87/13
4 92 4605 87/13
18 96 4810 87/13

Table 8. Study of the effect of pretreatment time of crude allylben-
zene in self-metathesis catalyzed by known catalyst 1
Allylbenzene quality: crude, hydroperoxide/water content =
0.68%/0.63%,

Additive: 0.9 ml% OcsAl (25 weight% in hexane),catalyst: 1, Cata-
lyst/Substrate=1 : 10 000, Metathesis conditions: 4h, r.t. Conver-
sion = [(area of 1,4-diphenylbutene 2) x 2 / ((area of 1,4-
diphenylbutene 2) x) 2 + area of allylbenzene 1)]. “The E/Z isomers

were separable in GC.

Experimental:

If catalyst/substrate = 1:10 000, (100 mol ppm catalyst), reactions in Table 7 and Table 8
were performed according to the following protocol: All manipulation was performed un-
der the inert atmosphere of the Glove-Box. 662 ul (5 mmol) of allylbenzene (H,O content
973 ppm, 0.63%, peroxide content 0.68%) was measured into a 5 ml glass vial. OczAl
(25% sol. in hexane) was added to it and the mixture was stirred for 1-18h. Then 0.1 M
stock solution (5 pl, 1 ymol, 100 mol ppm) of the catalyst was added at r.t. and the reac-
tion mixture is stirred at the same temperature for 4h. Then the reaction mixture was tak-
en out of the glovebox and quenched with 100 uL MeOH. Internals standards were add-
ed: mesitylene in EtOAc and pentadecane (1 mL, c=60 mg/mL).The volume was diluted
to 5 mL. 1 mL of this solution was poured onto the top of silica column 1 (mL) and eluted
with EtOAc (10 mL). From the collected elute 100 pL is analyzed by GC or GCMS.

If catalyst/substrate = 1:20 000, (50 mol ppm catalyst), reactions in Table 7 were per-

formed according to the following protocol: All manipulation was performed under the
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inert atmosphere of the Glove-Box. 1362 pl (10 mmol) of allylbenzene (H,O content 973
ppm, 0.63%, peroxide content 0.68%) was measured into a 10 ml glass vial. OcsAl
(25% sol. in hexane) was added to it and the mixture was stirred for 18h. Then 0.1 M
stock solution (5 pl, 0.5 ymol, 50 mol ppm) of the catalyst was added at r.t. and the reac-
tion mixture is stirred at the same temperature for 4h. Then the reaction mixture was
taken out of the glovebox and quenched with 100 uL MeOH. Internals standards were
added: mesitylene in EtOAc and pentadecane (1 mL, c=60 mg/ml). The volume was
diluted to 10 mL. 1 mL of this solution was poured onto the top of silica column 1 (mL)
and eluted with EtOAc (10 mL). From the collected elute 100 pL is analyzed by GC or
GCMS.

Trioctylaluminum, which allows a safe handling, efficiently destroys impurities in al-
lylbenzene substrate and allows to reach high conversion even at such a low catalyst

loading as of 50 mol ppm.

5. Screening of compounds in ring closing metathesis (RCM) of diethyl dial-

lylmalonate (DEDAM) depending on purification

Crude diethyl diallyimalonate was purchased from Sigma-Aldrich, its water content by

Karl-Fischer titration was 346 weight ppm (0.46 mol%). The solution of the crude sub-

strate was pretreated (stirred) with Oc;Al then applied in RCM reaction using novel com-

pound 11 as catalyst under standard conditions.

Diethyl diallylmalonate was pre-dried on 20 weight% molecular sieve for 24 h. Its water
content was decreased from 346 weight ppm (0.46 mol%) to 14.7 weight ppm, 0.019
mol%. Without Oc;Al purification no metathesis reaction could be performed (Table 9,
entry 1). After 0.175 mol% trioctyl aluminum treatment the metathesis could be per-

formed at high conversion (Table 9, entry 8)
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Water Amount cgr g
Entry content of of OCAl Purlflcatlon Cat. No. C?nx.
substrate [mol%] time [h] [%]
[mol%]
1 0.019 0 1 11 3
2 0.019 0.025 1 11 5
3 0.019 0.05 1 1 6
4 0.019 0.075 1 11 2
5 0.019 0.1 1 11 9
6 0.019 0.125 1 11 51
7 0.019 0.15 1 11 62
8 0.019 0.175 1 1" 74
9 0.019 0.2 1 11 66

Table 9. Results of diethyl diallylmalonate (1) RCM reaction after
predrying the substrate on molecular sieve and subse-

quent OcsAl pretreatment (purification)

®Conversion = [(area of diethyl cyclopent-3-ene-1,1-dicarboxylate
2) / (area of diethyl cyclopent-3-ene-1,1-dicarboxylate 2 ) + (area
of diethyl diallylmalonate (1)] without calibration. Pretreatment
conditions: Cpepam = 1 M in toluene, 0-0.2% OcsAl, 1h,
r.t.Metathesis conditions: catylst /substrate = 1:2500, catalyst 11

loading = 400 mole ppm, 4h, r.t.

Table 10 shows the results of the improved conversion if purification period is prolonged:

Water con- Amount e s
Entry tent of sub- Additive | of additi- Pu_rlflcatlon Cat. Coonv.
strate ve [mol%] time [h] No. [%]
[mol%]
1 0.82 OctsAl 0 24 11 0
2 0.82 OctsAl 0.25 24 11 3
3 0.82 Oct;Al 0.5 24 11 89
4 0.82 OctsAl 0.75 24 11 90
5 0.82 OctsAl 1 24 11 96
6 0.82 OctsAl 1.25 24 11 95
7 0.82 OctsAl 1.5 24 1 52
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| 8 | 08 | OctAl | 175 | 24 [ 11 | 1 |

Table 10. Results of diethyl diallyimalonate (1) RCM reaction after

Oc;Al purification time using 24 h purification time

’Conversion = [(area of diethyl cyclopent-3-ene-1,1-dicarboxylate
2) / (area of diethyl cyclopent-3-ene-1,1-dicarboxylate 2 ) + (area
of diethyl diallylmalonate (1)} without calibration. Purification condi-
tions: Cpepam = 1 M in toluene, 0-1.75% OcsAl; 24h, r.t. Metathesis
conditions: catalyst/substrate = 1:2500, 11 catalyst loading = 400

mole ppm, 4h, r.t.

6. Screening of compound 11 in homo cross metathesis (HCM) of allyl benzene,

depending on purification and addition mode of catalyst

Allyl benzene containing 973 ppm (0.6 mol %) of water was pretreated with 1 mole % of
OcsAl for a period of 18 h. Subsequent to the purification, 33 mole % of novel compound

11 was added in one batch. After a period of 4 h, the conversion was 81 %.

The experiment was repeated with the difference that the pretreatment time was extend-

ed to 60 h, and that the catalyst was added in four portions of 8.25 mole %, respectively.

. After a period of 2 h subsequent to the addition of the first portion, the conversion was 38

" %. Then the second portion was added. After further 2 h, the conversion was 84 %. Then

the third portion was added. After further 2 h, the conversion was 93 %. Then the last

portion was added. After further 2 h, the conversion was 94 %.

7. Screening of various compounds in ethenolysis

Performance of catalysts was compared in ethenolysis of purified unsaturated triglycer-
ides. The purification method was a chemical pretreatment with trialkkylaluminum. Tri-
glyceride was subjected to ethylene at a temperature of 50 °C and a pressure of 10 bar

for 18 hours using various amounts of catalyst.
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Metathesis reaction was characterized by the conversion data. As the catalysts were
used in the same amount [1000 ppm (weight) — 250 ppm (weight) — 25 ppm (weight) re-
spectively], their molar ratio is depending on their molecular weight. Normalized conver-
sion was obtained by linear extrapolation of real conversion calculated from real molar

quantity.

Table 11 shows the superior results of novel catalysts 123 and 124 in which R® is phenyl
substituted with phenyl in 2-,3-,5- and 6-position, and 4-position is substituted with bro-

mine compared to known catalyst 154, which bears hydrogen in 4-position of the phenyl

moiety.
Compound 154 123 124
C1000 ppm (weight) catalyst [70] 61 84 79
Chnorm 1000 ppm (weight) catatyst [70] 63 94 102
C250 ppm (weight) catatyst [70] 39 49
Chorm 250 ppm (weight) catalyst [70] 44 63
Table 11

Table 12 shows the results of catalysts in which R® is a phenyl ring which is substituted
in 2-, 4- and 6-position, wherein the 2- and 6-position are substituted by substituents via
a carbon atom, and the substituent in 4-position may be attached to the phenyl ring via

any atom. Compound 113 is known, the other compounds are novel.

Compound 130 | 188 | 113 | 131 | 184 | 114 | 142 | 168

C1000 ppm (weight) catalyst [70] 49 85 65 93 97 47 82 84

Cnorm 1000 ppm (weight) catalyst [0/0] 69 76 57 90 90 44 72 76
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C250 ppm (weight) catalyst [%] 92 55 49 51
Cnorm 250 ppm (weight) catalyst [%] 89 51 42 46

Table 12

Table 13 shows the results of further catalysts in which R® is a phenyl ring which is sub-

stituted in 2-, 4- and 6-position, wherein the 2- and 6-position are substituted by substitu-

ents via a carbon atom, and the substituent in 4-position is fluorine. Com'pounds 35, 122,

127, 131 and 135 are novel

Compound 127 122 35 135 131
C1000 ppm (weight) catalyst [%] 87 87 77 76 93
Cnorm 1000 ppm (weight) catalyst [%] 81 78 74 80 90

Table 13

Table 14 shows the results of novel catalysts 178 and 233 in which R® is a phenyl ring

which is substituted in 2- and 6-position via a phenyl moiety.

Compound 178 233
C1000 ppm (weight) catalyst [70] 82 87
Crorm 1000 ppm (weight) catatyst [ 70] 70 87
C250 ppm (weight) catalyst [%0] 46
Chrorm 250 ppm (weight) catalyst [70] 39

Table 14
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8. Screening of various compounds bearing a [8-(naphthalene-1-yl)-

naphthalene-1-ylJoxy ligand or a (8-phenlynaphthalene-1-yl)oxy ligand as R*

Table 15 shows the efficacy of the novel compounds 192, 196, 214, 216, 217, 220, 246,
247, 269, 288 in the homo cross metathesis of methyldecenoate (HCM of DAME), in the
homo cross metathesis of allyloenzene (HCM of AB), in the ring closing metathesis of
diethyl diallylmalonate (RCM of DEDAM) and in ethenolysis of unsaturated glycerides.

S/C is molar ratio of the substrate to catalyst):

Catalyst activity in different metathesis
reactions
Conversion (%) Conversion (%) in | Conversion (%) in |Conversion
in HCM of DAME, HCM of AB RCM of DEDAM (%) in TG
loading: 50 ppm mole 400 ppm mole (S/C|ethenolysis
50 ppm mole (S/C =20000/1) = 2500/1) 1000 ppm
{(S/C =20000/1) weight
192 26 12 87 54
196 81 3 >99 93
220 73 68 >99
217 13 25 >99 44
214 76 81 >99 97
218 20 35 42 58
216 88 72 >99 97
247 14 8
246 not tested 20 11 20
288 not tested not tested not tested not tested
269 not tested 5 9 36

Table 15
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Table 16 shows the efficacy of novel catalysts 207, 208, 214, 216, 220 in HCM of al-
lylbenzene. Allylbenzene was physicochemically treated before metathesis reaction,
which means that it was percolated on an activated basic alumina layer (20 weight %).
Then it was allowed to stand on 20 % molecular sieve at least 1 day before metathesis

reaction.

Compound 207 | 214 | 208 | 220 216

C 50 ppm (mole catalyst loading [%] 82 81 83 68 72

Table 16

9. Screening of compounds bearing 2,6-diphenyl phenols and 2-Br-6-
arylphenols as ligand R* in HCM of allylbenzene using a chemically treated

substrate

HCM reactions were carried out in a glovebox atmosphere at r.t. for 4h in a vented vial.
Typical substrate/catalyst ratios are: 20 000 = 50 ppm mole catalyst loading, 30 000 = 33
ppm mole catalyst loading. After the reaction was quenched by ,wet’” EtOAc samples
were filtered through on a silica layer and analysed by GCMS-FID. The used catalysts

are all novel.

Results are summarized at Table 17:

Compound 162 183 178 168 184
C 50 ppm (mole catalyst loading) [OA)] 91 58 83 92 94
C 33 ppm (mole catalyst loading) [%] 21 9 63 60 79

Table 17
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10. Screening of compounds bearing a 2,3,5,6-tetraphenylphenoxy moiety as lig-
and R* in HCM of methyl decenoate (DAME) using a physically pretreated

substrate according to Scheme 5

I COOMe
\/\Hg\COOMe Catalyst _ COOMe

E o

r.t., "vented-vial"
-CoHy

5 Scheme 5

The substrate was purified by a physical treatment method, i.e. percolation on activated
alumina layer. The reaction was characterized by the conversion data. Data are summa-
rized in Table 18.

10
Compound 10 11 32 154 123 | 124
C 50 ppm (mole catalyst loading) [70] not tested | 94 75 60 90 80
C 33 ppm (mole catalyst loading) [70] 79 80 77 not tested | 68 67
Table 18

Compounds 10, 11 and 32 are Mo-complexes, whereas compounds 154, 123 and 124
15  are W-complexes. Compounds 10 and 154 are known, compounds 11, 32, 123 and 124

are novel.

Compound 10 has a 2,3,5,6-tetraphenlyphenoxy compound as ligand R*, whereas com-
pound 11 is the respective 4-bromo-2,3,5,6-tetraphenylphenoxy compound and com-
20 pound 32 is the 4-bromo-2,6-di(4-bromophenyl)-3,5-diphenylphenoxy analogue. R' in

each case is 2,6-diisopropylpheny!.

Compound 154 bears a 2,3,5,6-tetraphenylphenoxy residue as ligand R*, whereas com-

pound 123 is the respective 4-bromo-2,3,5,6-tetraphenylphenoxy compound and com-
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pound 124 the 4-bromo-2,6-di(4-bromophenyl)-3,5-diphenylphenoxy analogue. R' in

each case is 2,6-dichlorophenyl.

The new catalysts exhibit excellent activity.
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Claims

A method of forming an olefin product in a metathesis reaction from a feedstock

comprising a first olefin and a second olefin, wherein said feedstock further com-

prises at least one by-product selected from the group consisting of water, alcohols,

aldehydes, peroxides, hydroperoxides, peroxide decomposition products, protic

materials, polar materials, Lewis basic catalyst poisons, and mixtures thereof, the

method comprising step (i), and subsequent to step (i), the following step (ii):

(i)

(i)

at least partially removing said at least one by-product from the feedstock by
subjecting said feedstock to (1) a chemical purification step or (2) both a physi-
cal purification step and a chemical purification step,

wherein the physical purification step comprises subjecting said feedstock to at
least one of a distillation step or an adsorption step; and

wherein the chemical purification step comprises subjecting said feedstock to a
chemical reaction wherein said feedstock is subjected to an anhydride of an or-
ganic acid or an organometallic compound of aluminum;

reacting the first olefin with the second olefin in the presence of a compound
that catalyzes said metathesis reaction such that the molar ratio of said com-
pound to the first or the second olefin is less than 1:500, and the conversion of

the first or the second olefin to said olefin product is at least 30 %,

wherein the compound that catalyzes said metathesis reaction has the following

general Formula (A):

Date Recgue /Date Received 2020-04-13



10

15

20

- 141 -

|
N
I R2
RSI::...M ~—
A
R
R3
Formula A
wherein
M=MoorW,

R'is aryl, heteroaryl, alkyl, or heteroalkyl; each of which is optionally substituted:;
R? and R? are the same or different and are alkyl, alkenyl, heteroalkyl, heteroal-
kenyl, aryl, or heteroaryl; each of which is optionally substituted, or hydrogen;

RS is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, each of
which is optionally substituted; and

R* is a residue R8-X-, wherein

X =0 and RS is aryl, optionally substituted; or

X =S and RS is aryl, optionally substituted; or

X =0 and R is (R7, R®, R%Si; wherein R, R8 R°are alkyl or phenyl; each of which
is optionally substituted; or

X = 0 and R8 is (R, R" R™)C, wherein R, R'"!, R'? are independently selected
from optionally substituted phenyl or optionally substituted alkyl; or

X = O and RS is a quinoline-8-yl, optionally substituted; or

X = O and R is triphenylmethyl; tri(4-methylphenyl) methyl; 1,1,1,3,3,3-hexafluoro-
prop-2-yl; or 9-phenyl-fluorene-9-yl; or

R* and R® are linked together and are bound to M via oxygen, respectively; or
wherein the compound that catalyzes said metathesis reaction is selected from one
of the following structures: 280, 281, 289, 290, or 291:
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291, and

wherein the organometallic compound of aluminum of step (i) is of formula

R1R2RsAl, wherein said R¢, Rz, and Rz in the organometallic compound of

aluminum are independently selected from aliphatic, cyclic, or alicyclic residues

having from 1 to 10 carbon atoms, or from aromatic residues having from 6 to 10

carbon atoms; and

wherein said chemical reaction further comprises:

(a)

(b)

determining an amount of said at least one by-product in the feedstock, wherein
said at least one by-product comprises at least one reactive group, wherein
said at least one reactive group is reactive towards said compound that
catalyzes said metathesis reaction and with said anhydride of an organic acid
or said organometallic compound of aluminum; and

adding a theoretical amount of either said anhydride of an organic acid or said
organometallic compound of aluminum, respectively, that is needed to convert
said at least one reactive group into at least one non-reactive group, where said
at least one non-reactive group is not reactive towards said compound that
catalyzes said metathesis reaction and either said anhydride of an organic acid
or said organimetallic compound of aluminum; or

adding an excess of said anhydride of an organic acid or said organometallic

compound of aluminum per mole of said at least one by-product into a species
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which is not reactive towards the compound that catalyzes said metathesis

reaction.

The method of claim 1, wherein the organometallic compound of aluminum is trioc-

tyl aluminum.

The method of claim 1, wherein the organometallic compound of aluminum is a
trialkyl aluminum compound, and wherein the feedstock is subjected to the trialkyl

aluminum compound for a period of from 10 to 80 h.

The method of claim 1, wherein the feedstock is subjected to the organometallic
compound of aluminum, and wherein the organometallic compound of aluminum is
added to the first and the second olefin at a rate of from 0.01 to 10 ppmwt organo-

metallic compound of aluminum per hour.

The method of claim 1, wherein in the compound of general Formula (A):

M =MoorW,;

R' is aryl or adamant-1-yl; each of which is optionally substituted;

R? is —C(CHs3)2CeHs or —C(CHz)s;

R3is H;

RS is alkoxy, heteroaryl, silyloxy, or aryloxy; each of which is optionally substituted;
and

R4 is a residue R8-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently se-
lected from alkyl, phenoxy, phenyl, halogen, each of which is optionally substituted;
or

X = O and R® is 8-(naphthalene-1-yl)-naphthalene-1-yl, optionally substituted; or

X = O and R®is 8-phenlynaphthalene-1-yl, optionally substituted; or

X = O and R®is quinoline-8-yl, optionally substituted; or

X = S and R® is phenyl substituted with up to five substituents independently se-
lected from alkyl, phenoxy, phenyl, halogen, each of which is optionally substituted;

or
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X = O and R® is triphenylsilyl; optionally substituted; or triisopropylsilyl; or

X = O and R& is triphenylmethyl; optionally substituted; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and RS is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl, or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X =0 and RS is t-butyl.

The method of claim 1, wherein in the compound of general Formula (A):

M=MoorW,

R! is selected from 1-(2,6-dimethylphenyl), 1-(2,6-diisopropylphenyl), 1-(2,6-di-t-
butylphenyl), 1-(2,6-dichlorophenyl), and adamant-1-yl;

R? is —C(CH3)2CeHs or —C(CHa)s;

R3is H;

R® is selected from pyrrol-1-yl; 2 ,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triiso-
propylsilyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy;  9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-
butyloxy; and

R4 is R8-X-, wherein

X = O and R® is phenyl substituted with up to five substituents independently se-
lected from alkyl, alkoxy, phenoxy, phenyl, halogen, each of which is optionally
substituted; or

X = O and R® is 8-(naphthalene-1-yl)-naphthalene-1-yl, optionally substituted; or

X = O and R®is 8-phenlynaphthalene-1-yl, optionally substituted; or

X = O and R®is quinoline-8-yl, optionally substituted; or

X = S and R® is phenyl substituted with up to five substituents independently se-
lected from alkyl, alkoxy, phenoxy, phenyl, halogen, each of which is optionally
substituted; or

X = O and R& is triphenylsilyl; or triisopropylsilyl; or

X = O and R8 is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and RS is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl; or 2-methyl-1,1,1,3,3,3-

hexafluoro-prop-2-yl; or
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X =0 and RS is t-butyl.

The method of claim 1, wherein in the compound of general Formula (A):

M=MoorW,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
and adamant-1-yl;

R? is —C(CHs3)2CeHs or —C(CHz)s;

R3is H;

R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triiso-
propylsilyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy;  9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; t-
butyloxy; and

R%is R8-X-, wherein

X = O and R® is phenyl which bears two substituents in ortho position with respect
to O, or which bears at least three substituents, from which two substituents are in
ortho position with respect to O and one substituent is in para position with respect
to O; or

X = O and R® is 8-(naphthalene-1-yl)-naphthalene-1-yl, optionally substituted; or

X = O and R®is 8-phenlynaphthalene-1-yl, optionally substituted; or

X = O and R®is quinoline-8-yl, optionally substituted; or

X = O and R® is triphenylsilyl; or triisopropylsilyl;

X = O and R® is triphenylmethyl or tri(4-methylphenyl)methyl; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R®is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl; or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X =0 and RS is t-butyl.

The method of claim 1, wherein the compound is selected from the following struc-

tures:
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9. The method of claim 1, wherein in the compound of general Formula (A):

M=Mo orW;

R! is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2 6-di-t-butylphenyl,
2,6-dichlorophenyl, and adamant-1-yl;

R? is —C(CH3)2CgHs or —C(CHa)s;

R3is H;

R® is selected from pyrrol-1-yl; 2 ,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triiso-
propylsilyloxy; 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; 2,6-diphenylphenoxy; and t-
butoxy; and

R%is R8-X-, wherein

X = O and RE® is phenyl which bears at least two substituents, or which bears two
substituents in ortho position with respect to O, or which bears two substituents in
ortho position with respect to O and a substituent in para position with respect to O;
or

X = O and RE is triphenylsilyl; optionally substituted; or

X = O and R is triphenylmethyl; optionally substituted; or

X = O and R®is 9-phenyl-fluorene-9-yl; or

X = O and R® is 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yl or 2-methyl-1,1,1,3,3,3-
hexafluoro-prop-2-yl; or

X = O and Réis t-butyl;

with the proviso that following compounds are excluded:

M = Mo; R' = 2 6-diisopropylphenyl; R? = —C(CH3)2CeHs; R® = H; R® = 25-
dimethylpyrrol-1-yl; R* = 2,6-diphenylphenoxy;

M = Mo; R' = 2 6-diisopropylphenyl; R? = —C(CH3)2CeHs; R® = H; R® = 25-
dimethylpyrrol-1-yl; R* = 2,3 5 6-tetraphenylphenoxy;

M = W; R!' = 26-diisopropylphenyl; R? = —C(CHzs):CeHs; R® = H; R®
dimethylpyrrol-1-yl; R* = triphenylsilyloxy;

I
N
¢
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M = Mo; R' = 2 6-diisopropylphenyl; R? = —C(CHs)CeHs; R® = H; R® =

dimethylpyrrol-1-yl; R* = triphenylsilyloxy; and
M = W; R! = 2 6-diisopropylphenyl; R? = —C(CH3).CsHs; R?
dimethylpyrrol-1-yl;

5 R4 =

wherein TBS is t-butyldimethylsilyl,

10 and

15
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wherein R is F, Cl, Br, orI.
The method of claim 1, wherein in the compound of general Formula (A):

M=MoorW,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
and adamant-1-yl;

R? is —C(CHs3)2CsHs or —C(CHa)s or adamant-1-yl;

R3is H;

RS is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyoxy; 2-phenyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; and

R4 is selected from

) U' Br

TBSO '

wherein TBS is t-butyldimethylsilyl;

wherein Me = methyl.

The method of claim 1, wherein in the compound of general Formula (A):

M = Mo or W,

R' is 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl, or adamant-1-
yl;

R? is —C(CHs)2CsHs or —C(CHa)s or adamant-1-yl;

R3is H;

R® is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; 2-phenyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; and
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R? is selected from 2,6-diphenylphenoxy, 2,3,5,6-tetraphenylphenoxy, 2,6-di(tert.-
butyl)phenoxy; 2,6-di(2,4,6-triisopropylphenyl)phenoxy;

with the proviso that following compounds are excluded:

M = Mo; R' = 2 6-diisopropylphenyl; R2 = —C(CH3).CeHs; R® = H; R® = 2,5-
dimethylpyrrol-1-yl; R* = 2,6-diphenylphenoxy; and
M = Mo; R' = 2 6-diisopropylphenyl; R?> = —C(CHs):CeHs; R® = H; R® = 2,5-

dimethylpyrrol-1-yl; R* = 2,3 5 6-tetraphenylphenoxy;

The method of claim 1, wherein in the compound of general Formula (A):
M=MoorW,

R' is selected from 2,6-dimethylphenyl, 2 6-diisopropylphenyl, 2,6-dichlorophenyl,
and adamant-1-yl;

R? is —C(CH3)2CeHs or —C(CHz)s or adamant-1-yl;

R3is H;

RS is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; 2-phenyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 9-phenyl-fluorene-9-yloxy; and

R4 is a residue R8-X-, wherein X = O and RS is triphenylsilyl;

with the proviso that following compounds are excluded:

M = W; R! = 2 6-diisopropylphenyl; R?> = —C(CH3)2CeHs; R®* = H; R® = 2,5-
dimethylpyrrol-1-yl; R* = triphenylsilyloxy; and
M = Mo; R' = 2,6-diisopropylphenyl; R2 = —C(CH3)2CeHs; R® = H; R® = 2,5-

dimethylpyrrol-1-yl; R* = triphenylsilyloxy;

The method of claim 1, wherein in the compound of general Formula (A):
M=MoorW,

R' is selected from 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl,
and adamant-1-yl;

R? is —C(CH3)2CsHs or —C(CHa)s or adamant-1-yl ;

R3is H;
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RS is selected from pyrrol-1-yl; 2,5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; 2-phenyl-
1,1,1,3,3,3-hexafluoro-prop-2-yloxy; and 9-phenyl-fluorene-9-yloxy; and

R? is a residue R8-X-, wherein

X = O and RS is triphenylmethyl; tri(4-methyphenyl)methyl; 1,1,1,3,3,3-hexafluoro-
prop-2-yl; or 9-phenyl-fluorene-9-yl.

The method of claim 1, wherein in the compound of general Formula (A):
M =MoorW;
R'is aryl, heteroaryl, alkyl, or heteroalkyl; each of which is optionally substituted:;
R? and R® are the same or different and are alkyl, alkenyl, heteroalkyl, heteroal-
kenyl, aryl, or heteroaryl; each of which is optionally substituted, or hydrogen;
RS is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, each of
which optionally substituted; and
R4 is a residue R8-X-, wherein
X = O and RE is a phenyl ring which is at least substituted in 4-position with respect
to O.

The method of claim 14, wherein the substituent of residue R® in 4-position is se-
lected from the group consisting of: halogen, dialkylamino, cyano, optionally substi-
tuted alkyl, optionally substituted alkyloxy, optionally substituted aryl, and optionally
substituted aryloxy;

wherein the further substituents of residue R®are the same or are different from the
substituent in 4-position and are independently selected from the group consisting
of: halogen, dialkylamino, cyano, optionally substituted alkyl, optionally substituted

alkyloxy, optionally substituted aryl, and optionally substituted aryloxy.

The method of claim 14, wherein

R! is phenyl or alkyl, each of which is optionally independently substituted with hal-
ogen, Ci4 dialkylamino, Ci.4 alkyl, C14 alkyloxy, phenyl, or phenyloxy, each of
which is optionally substituted;

R? and R? are the same or different and are hydrogen, C(CHas)s, or C(CH3)2CsHs;

R® is selected from pyrrol-1-yl; 2 5-dimethyl-pyrrol-1-yl; triphenylsilyloxy; triiso-
propylsilyloxy, 2-phenyl-1,1,1,3,3,3-hexafluoro-prop-2-yloxy; 2-methyl-1,1,1,3,3,3-

Date Recgue /Date Received 2020-04-13



10

15

20

25

30

17.

18.

19.

20.

- 184 -

hexafluoro-prop-2-yloxy; 2,6-diphenylphenoxy; 9-phenyl-fluorene-9-yloxy; and t-
butyloxy; and

the substituent of residue R® in 4-position is selected from the group consisting of:
halogen, Ci4 dialkkylamino, Ci4 alkyl, C1.4 alkyloxy, phenyl, phenyloxy, each of
which is optionally substituted;

and further substituents of residue R® are the same or are different from the sub-
stituent in 4-position and are independently selected from the group consisting of
halogen, C14 dialkylamino, C14 alkyl, C14 alkyloxy, phenyl, and phenyloxy, each of

which is optionally substituted.

The method of claim 14, wherein R®is a phenyl ring which is substituted in 2- and
4-position independently with halogen and in 6-position with phenyl, which optional-
ly is substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy; or phenyl or phe-
noxy optionally substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy, respec-

tively.

The method of claim 14, wherein R®is a phenyl ring which is substituted in 2- and
6-position by substituents via carbon atoms, and in 4-position by a substituent via

any atom.

The method of claim 14, wherein R® is a phenyl ring which is substituted in 4-
position with bromine and in 2-, 3-, 5- and 6-position with phenyl, respectively,
wherein said phenyl residues are independently substituted with fluoro, chloro,
bromo, dimethylamino, diethylamino, methyl, ethyl, propyl, isopropyl, butyl, t-butyl,
methoxy, ethoxy, propyloxy, butyloxy, t-butyloxy, trifluoromethyl, phenyl optionally
substituted with halogen, alkyl, alkyloxy, phenyl, phenoxy; phenoxy optionally sub-
stituted with halogen, alkyl, alkyloxy, phenyl, phenoxy.

The method of claim 1, wherein in the compound of general Formula (A):
M=MoorW,
R'is aryl, heteroaryl, alkyl, or heteroalkyl; each of which is optionally substituted:;
R? and R® are the same or different and are alkyl, alkenyl, heteroalkyl, heteroal-

kenyl, aryl, or heteroaryl each of which is optionally substituted, or hydrogen;
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RS is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, each of
which is optionally substituted; and

R? is a residue R8-X-, wherein

X = O and R8 is a phenyl ring which is substituted in 2- and 6-position with phenyl,

respectively, optionally substituted.

The method of claim 1, wherein in the compound of general Formula (A):
M =MoorW;
R'is aryl, heteroaryl, alkyl, or heteroalkyl; each of which is optionally substituted;
R? and R? are the same or different and are alkyl, alkenyl, heteroalkyl, heteroal-
kenyl, aryl, or heteroaryl, each of which is optionally substituted, or hydrogen;
RS is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, each of
which is optionally substituted; and

R4 is [8-(naphthalene-1-yl)-naphthalene-1-ylJoxy, optionally substituted.

The method of claim 1, wherein in the compound of general Formula (A):
M=MoorW,
R' is aryl, heteroaryl, alkyl, or heteroalkyl; each of which is optionally substituted;
R? and R® are the same or different and are alkyl, alkenyl, heteroalkyl, heteroal-
kenyl, aryl, or heteroaryl, each of which is optionally substituted, or hydrogen;
RS is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, each of
which is optionally substituted; and

R? is (8-phenylnaphthalene-1-yl)oxy, optionally substituted.

The method of claim 1, wherein the first olefin has a terminal olefinic double bond,
and the second olefin has a terminal olefinic double bond, wherein the first and the
second olefin are identical; or

wherein the first and second olefin a different from one another; or

wherein the first olefin has an internal olefinic double bond and the second olefin is
ethylene; or

wherein the first olefin is a cyclic olefin and the second olefin is a cyclic olefin,

wherein the first and second olefin are identical or are different from one another.
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24. A method of increasing the reactivity of a compound of Formula (A):

Rl
N
sl R
R LTV ey
R4
R
R3
Formula (A)
5 wherein
M=MoorW,

R'is aryl, heteroaryl, alkyl, or heteroalkyl; each of which is optionally substituted:;
R? and R® are the same or different and are alkyl, alkenyl, heteroalkyl, heteroal-
10 kenyl, aryl, or heteroaryl, each of which is optionally substituted, or hydrogen;
RS is alkyl, alkoxy, heteroalkyl, aryl, aryloxy, heteroaryl, silylalkyl, silyloxy, each of
which is optionally substituted; and
R4 is a residue R8-X-, wherein
X =0 and R¢ is aryl, optionally substituted; or
15 X =8 and RS is aryl, optionally substituted; or
X =0 and Réis (R’, R® R?Si; wherein R’, R R%are alkyl or phenyl; each of which
is optionally substituted; or
X =0 and R8¢ is (R'°, R'" R'2)C, wherein R'°, R'! R'? are independently selected
from optionally substituted phenyl or optionally substituted alkyl; or
20 X = 0 and RS is a quinoline-8-yl, optionally substituted; or
R* and R® are linked together and are bound to M via oxygen, respectively; or

structures 280, 281, 289, 290, or 291:
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291,

that catalyzes a metathesis reaction of a feedstock comprising a first and a second
olefin such that the molar ratio of said compund to the first or the second olefin is
less than 1:500, and the conversion of the first or the second olefin is at least 30%,
wherein said feedstock further comprises at least one by-product selected from the
group consisting of water, alcohols, aldehydes, peroxides, hydroperoxides,
peroxide decomposition products, protic materials, polar materials, Lewis basic
catalyst poisons, and mixtures thereof, the method comprising step (i), and,
subseuent to step (i), the following step (ii):
(i) at least partially removing said at least one by-product from the feedstock by
subjecting said feedstock to a chemical purification step,
wherein the chemical purification step comprises: subjecting said feedstock to a
chemical reaction wherein said feedstock is subjected to an anhydride of an or-
ganic acid or an organometallic compound of aluminum;
(i) reacting the first olefin with the second olefin in the presence of said compound
that catalyzes said metathesis reaction, and
wherein the organometallic compound of aluminum of step (i) is of formula
R1R2RsAI, wherein said R4, Rz, and Rs in the organometallic compound of

aluminum are independently selected from aliphatic, cyclic, or alicyclic residues
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having from 1 to 10 carbon atoms, or from aromatic residues having from 6 to 10
carbon atoms; and
wherein said chemical reaction further comprises:
(a) determining an amount of said at least one by-product in the feedstock, wherein
5 said at least one by-product comprises at least one reactive group, wherein
said at least one reactive group is reactive towards said compound that
catalyzes said metathesis reaction and with said anhydride of an organic acid
or said organometallic compound of aluminum; and
adding a theoretical amount of either said anhydride of an organic acid or said
10 organometallic compound of aluminum, respectively, that is needed to convert
said at least one reactive group into at least one non-reactive group, where said
at least one non-reactive group is not reactive towards said compound that
catalyzes said metathesis reaction and either said anhydride of an organic acid
or said organimetallic compound of aluminum; or
15 (b) adding an excess of said anhydride of an organic acid or said
organometallic compound of aluminum per mole of said at least one by-product into
a species which is not reactive towards the compound that catalyzes said

metathesis reaction.
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