Office de la Proprieté Canadian CA 2614237 C 2014/12/02

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 61 4 237
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2006/07/12 (51) Cl.Int./Int.Cl. CO7/F 9/6568 (2006.01),
S e . B01J 31/22(2006.01), BO1J 31/24(2006.01),
(87) Date publication PCT/PCT Publication Date: 200//01/25 CO7C 13/465(2006.01), CO7C 6/02(2006.01)
(45) Date de délivrance/lssue Date: 2014/12/02 _
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2008/01/04 WINDE, ROLAND, DE:
(86) N° demande PCT/PCT Application No.: 1B 2006/052374 KARCH, RALF WILHELM, DE;
o o RIVAS-NASS, ANDREAS, DE;
(87) N® publication PCT/PCT Publication No.: 200//010453 BRIEL OLIVER DE:
(30) Priorité/Priority: 2005/07/15 (GB0514612.1) TOOZE, ROBERT PAUL, GB,;

FORMAN, GRANT STEPHEN, GB,;
MEYER, WOLFGANG HUBERT, ZA

(73) Proprietaire/Owner:
UMICORE AG & CO KG, D

(74) Agent: MARKS & CLERK

(54) Titre : UTILISATION D'UN LIGAND CONTENANT DU PHOSPHORE ET D'UN LIGAND ORGANIQUE CYCLIQUE
DANS UN COMPOSE A METAL DE TRANSITION

(54) Title: TRANSITION METAL COMPOUNDS HAVING A CYCLIC PHOSPHORUS-CONTAINING LIGAND AND A
CYCLIC ORGANIC LIGAND FOR USE IN METATHESIS REACTIONS

(57) Abrégée/Abstract:

According to the present invention there Is provided a compound In the form of a transition metal compound including a transition
metal, a phosphorus containing ligand, and a cyclic organic ligand. The phosphorus containing ligand Is a heterocyclic organic
compound with a ligating phosphorus atom which ligates with the transition metal, and which ligating phosphorus atom Is an atom
INn the heterocyclic ring structure of the heterocyclic organic compound. The cyclic organic ligand is a cyclic organic compound with
a ligating carbon atom in the cyclic ring structure of the cyclic organic compound which ligates with the transition metal by means of
a double bound. The invention also relates to a method preparing such a compound and a metathesis reaction wherein such a
compound Is used as a catalyst.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2007/010453 A3 I D00 A0 0 O 0 OO0 00 00

CA 02614237 2008-01-04

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
25 January 2007 (25.01.2007)

(51) International Patent Classification:
CO07C 6/02 (2006.01) CO7F 15/00 (2006.01)

(21) International Application Number:
PCT/IB2006/052374

(22) International Filing Date: 12 July 2006 (12.07.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0514612.1 15 July 2005 (15.07.2005) GB
(71) Applicant (for all designated States except US): SASOL
TECHNOLOGY (UK) LIMITED [GB/GB]; Purdie

Building, North Haugh, St Andrews Fife KY16 9ST (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WINDE, Roland
[DE/DE]; Huehnerweg 18, 60599 Frankfurt (DE).
KARCH, Ralf Wilheim [DE/DE]; Kithe-kollwitz-str.24,
63801 Kleinostheim (DE). RIVAS-NASS, Andreas
[DE/DE]; 65779 Kelkheim (DE). BRIEL, Oliver
|[DE/DE]; Tulpenhofstr. 25, E-63067 Offenbach/main
(DE). TOOZE, Robert Paul [GB/GB]; Pipeland Farm-
house, St Andrews Fife KY16 8NL (GB). FORMAN,
Grant Stephen [GB/GB]; 55 Watson Avenue, St Andrews
Fife KY 168 JE (GB). MEYER, Woligang Hubert
|[DE/ZA]; 541 Baansyfer Road, Ruimsig, 1724 Johannes-
burg (ZA).

(10) International Publication Number

WO 2007/010453 A3

(74) Agent: DM KISCH INC; PO Box 781218, 2146 Sandton
(ZA).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
19 April 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: TRANSITION METAL COMPOUNDS HAVING A CYCLIC PHOSPHORUS-CONTAINING LIGAND AND A
CYCLIC ORGANIC LIGAND FOR USE IN METATHESIS REACTIONS

(57) Abstract: According to the present invention there is provided a compound in the form of a transition metal compound includ-
ing a transition metal, a phosphorus containing ligand, and a cyclic organic ligand. The phosphorus containing ligand is a heterocyclic
organic compound with a ligating phosphorus atom which ligates with the transition metal, and which ligating phosphorus atom is an
atom in the heterocyclic ring structure of the heterocyclic organic compound. The cyclic organic ligand is a cyclic organic compound
with a ligating carbon atom in the cyclic ring structure of the cyclic organic compound which ligates with the transition metal by
means of a double bound. The invention also relates to a method preparing such a compound and a metathesis reaction wherein such
a compound is used as a catalyst.



10

15

CA 02614237 2012-07-09

I
TRANSITION METAL COMPOUNDS HAVING A cYCLIC PHOSPHORUS-

CONTAINING LIGAND AND A CYCLIC ORGANIC LIGAND FOR USE IN

METATHESIS REACTIONS

TECHNICAL FIELD

The invention relates to the use of a phosphorus containing ligand and a
cyclic organic ligand in a transition metal compound and to the use of a
phosphorus containing ligand and cyclic organic igand in a catalysed
reaction, preferably a metathesis reaction. The invention also relates 10 a
compound including such a phosphorus containing ligand and cyclic organic

ligand; and to a metathesis reaction using the said catalyst. The invention

further relates to a method of preparing such a catalyst.

BACKGROUND TO THE INVENTION

There is considerable interest regarding the formation of carbon-carbon bonds
via olefin metathesis. Olefin metathesis refers to the metal-catalysed
redistribution of carbon-carbon double bonds. Cross metathesis (CM) can be

described as a metathesis reaction between two non-cyclic olefins, which may

he the same or different, for example:

/\ Catalyst R"
7O+ RN S S /4

Where the olefins are the same, the reaction is known as self metathesis.
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Ring-opening metathesis polymerization (ROMP) is a variant of olefin
metathesis reactions wherein cyclic olefins (for example) produce polymers

and co-polymers, for example:

Ring-closing metathesis (RCM) represents a process in which an acyclic

diene (for example) is cyclised to produce a cycloalkene, for example;

X ) RCM X
__YIZ'Y \ ?)y + =

10 T

As indicated above metathesis reactions take place in the presence of a
catalyst. A great deal of research has been done in an attempt to synthesise
and isolate catalysts which are able to catalyse homogeneous olefin
15 metathesis reactions. More particularly the synthesis of Group VIII transition
metal metathesis catalysts has led to catalysts with increased functional group

tolerance and stability with respect to conditions such as air, water and acids.

During the 1990’s the so-called “1% generation Grubbs catalyst” of formula 1a

20  was developed:
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PCy ,

where Cy is cyclohexyl.

This well defined ruthenium catalyst afforded high selectivities, high reaction
rates and good tolerance for oxygenates in feed during homogeneous olefin
metathesis reactions, including cross metathesis, ring closing metathesis and
rng opening metathesis polymerisation. These processes have many
potential commercial applications for the commodities, pharmaceutical and
fine chemicals industries as well as in the field of speciality polymers. Several
reviews describe the development and applications of Grubbs-type catalysts
(for example Acc. Chem. Res. 2001, 34, 18-24; Angew. Chem., Int .Ed., 2000,

39, 3012-3043).

Much research has been carried out to investigate the effect of changing the
nature of the ligands, (for example J. Am. Chem. Soc. 1997, 119, 3887 —
3897; Tetrahedron Lett. 1999, 40, 2247-2250; Angew. Chem., Int. Ed. 1998,
37, 2490-2493) resulting in the development of second generation Grubbs
catalysts. The main thrust of second generation Grubbs catalyst research has
related to a move away from the use of phosphine ligands to the use of highly
nucleophilic N-heterocyclic carbenes for homogeneous metathesis reactions.

Formula 1b shows the structure of the standard second generation Grubbs
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catalyst. While this catalyst shows greater reactivity compared to catalyst 1a,

it is more expensive than the first generation catalyst.

where Cy = cyclohexyl, and Mes = mesityl

WO ZA03/00087 discloses the use of a phosphorus containing ligand as a
ligand for a metathesis catalyst in a catalysed metathesis reaction wherein the
10 phosphorus containing ligand is a heterocyclic organic compound with a
ligating phosphorus atom as an atom in the heterocyclic ring structure of the

heterocyclic organic compound.

A major disadvantage of complexes depicted by formula 1a relates to their
15 preparation which requires either reagents which are hazardous (e. ¢.
potentially explosive diazoalkanes), or difficult to prepare (e.qg.

diphenylcyclopropene), or extremely sensitive.

As a result there exists a need to develop efficient routes to these complexes
20  where
1. The individual components (ligands and alkylidene) are inexpensive,

non-hazardous and scaleable
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2. The reaction to prepare the Ru-alkylidene-type olefin metathesis
catalyst that uses the individual components as reagents is straight-
forward, non-hazardous and can be performed on the multi-kilogram

scale economically.

It has now been found that relatively inexpensive phosphorus containing
ligands such as phosphabicylononane ligands, when combined with a specific
alkylidene-type moiety such as the indenylidene alkylidene moiety provide a

non-hazardous, economical Ru-alkylidene-type olefin metathesis catalysts.

These catalysts or catalyst precursors are usually easy to prepare from well

accessible, stable and essentially non-toxic starting materials and can usually
be isolated and stored. At least some of these catalysts exhibit high catalytic
activity, a good compatibility with functional groups, solvents, water and

additives, and they need not to be activated by any additive.

An indenylidene ruthenium complex was first synthesized by Hill (J. Chem.
Soc.,Dalton Trans. 1999, 285), who incorrectly assigned the structure of the
diphenylallenylidene complex. Together with Furstner the complex was used
in various ring-closing metathesis reactions (Chem. Commun. 1999, 601-602).
Later detailed evaluations showed that the correct structure is the rearranged
indenylidene complex (Organometallics 1999, 18, 5416-5419, Chem. Eur. J.
2001, 7, 4811-4820). Still, this complex was only used in RCM by Flrstner in

the synthesis of natural products.
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In 2003 F. Verpoort published the use of this complex in the Atom Transfer
Radical Addition (ATRA), New J. Chem. 2003, 27, 257-262. Several different
olefins have been used in the ATRA with carbon tetrachloride in good to
nearly quantitative yields. Verpoort also used the complex in the nucleophilic
addition of carboxylic acids to terminal alkynes (Synlett 2002, 935-941), e.g.
formic acid, acetic acid, isovaleric acid, or benzoic acid to t-Butylacetylene,
1,7-octadiyne or 4-pentynoic acid. Here the catalyst showed moderate yields.

Blechert (Synlett 2001, 3, 430-432) used the catalyst as a precursor for other

metathesis catalysts.

The indenylidene complexes as describped above did not include a
phosphorus containing ligand which is a heterocyclic organic compound with a
ligating phosphorous atom as an atom in the heterocyclic ring structure of the

heterocyclic organic compound.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided the use of
a phosphorus containing ligand and a cyclic organic ligand as ligands for a
catalyst in the form of a transition metal compound containing a transition
metal; wherein the phosphorus containing ligand is a heterocyclic organic
compound with a ligating phosphorus atom which ligates with the transition
metal, and which ligating phophorus atom is an atom in the heterocyclic ring
structure of the heterocyclic organic compound; and wherein the cyclic

organic ligand is a cyclic organic compound with a ligating carbon atom in the
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cyclic ring structure of the cyclic organic compound which ligates with the

transition metal by means of a double bond.

Preterably the catalyst is a metathesis catalyst.

According to a second aspect of the present invention there is provided the
use of a phosphorus containing ligand and a cyclic organic ligand in the
preparation of a transition metal compound catalyst including a transition
metal, the phosphorus containing ligand and the cyclic organic ligand;
wherein the phosphorus containing ligand is a heterocyclic organic compound
with a ligating phosphorus atom which ligates with the transition metal, and
which ligating phosphorus atom is an atom in the heterocyclic ring structure of
the heterocyclic organic compound; and wherein the cyclic organic ligand is a
cyclic organic compound with a ligating carbon atom in the cyclic ring
structure of the cyclic organic compound which ligates with the transition

metal by means of a double bond.

Preferably the catalyst is for use in a metathesis reaction.

According to a third aspect of the present Invention there is provided a
compound in the form of a transition metal compound including a transition
metal, a phosphorus containing ligand, and a cyclic organic ligand; wherein
the phosphorus containing ligand Is a heterocyclic organic compound with a
ligating phosphorus atom which ligates with the transition metal, and which

ligating phosphorus atom is an atom in the heterocyclic ring structure of the
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heterocyclic organic compound; and wherein the cyclic organic ligand is a
cyclic organic compound with a ligating carbon atom in the cyclic ring

structure of the cyclic organic compound which ligates with the transition

metal by means of a double bond.

Preferably the compound is a catalyst, and preferably the catalyst is a

metathesis catalyst.

Preferably the metathesis reaction/catalyst is a homogenous metathesis

reaction/catalyst, or a reaction with an immobilized preformed catalyst.

Preferably the ligating phosphorus atom s also bound to a further moiety

which is not part of the heterocyclic ring structure.

Preferably the phosphorus containing ligand comprises a phosphine ligand,
oreferably a secondary or tertiary phosphine ligand, preferably a tertiary
phosphine ligand. The further moiety bound to the ligating phosphorus atom
may be an atom, and preferably it is H. In an alternative and preferred
embodiment of the invention the said moiety may comprise an organic group,
preferably an organyl group. The organyl group may comprise an alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl, cycloalkynyl and optionally it

may be substituted. Preferably it comprises an alkyl, cycloalkyi or aryl.

Preferably the heterocyclic organic compound has a single heteroatom in the

form of the ligating phosphorus atom.
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The heterocyclic organic compound may comprise a bicyclic organic
compound. Preferably the heterocyclic organic compound includes no
unsaturated carbon to carbon bonds. Preferably the two ring structures have
at least 3 shared atoms. Preferably the two ring structures do not have more

than 12 ring atoms, preferably they have nine ring atoms.

In a preferred embodiment of the invention the phosphine ligand comprises a
bicyclic tertiary phosphine having a ligating phosphorus atom which is
preferably bound to two first atoms (preferably carbon atoms) in the ring
structure with each of said first atoms being bound to two other second atoms
(preferably carbon atoms) in the ring structure. Preferably both the second
atoms are carbon atoms. It will be appreciated that in this embodiment each

first atom is bound to three ring atoms.

In a preferred embodiment of the invention the heterocyclic organic compound
comprises a phosphacycloalkane, preferably a phosphabicycloalkane,
preferably a phosphabicyclononane, each of which optionally may be
substituted. Preferably it comprises a monophosphacycloalkane, preferably a
monophosphabicycloalkane, preferably a monophosphabicyclononane.

Preferably the compound comprises a tertiary phosphine.

In a preferred embodiment of the invention, the phosphabicyclononane is a 9-
phosphabicyclo[3.3.1]nonane of formula 2a or a 9-phosphabicyclo[4.2.1]

nonane of formula 2b or mixtures thereof:
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wherein R' is H or an organic group (including an organyl group). Preferably
R' is an thionally substituted alkyl, or optionally substituted aryl, or an
optionally substituted cycloalkyl.

10

The phosphabicyclononane may be a compound of formula 2a.

In one embodiment of the invention R’ is alkyl, preferably —CqH41 also known
as eicosyl. In this instance the ligand is known as eicosyl phoban (that is for

15 both compounds of formula 2a and 2b where R’ is =CxoHa1).

In one preferred embodiment of the invention R’ is cyclohexyl. In this instance
the ligand is known as cyclohexyl phoban (that is for both compounds of
formula 2a and 2b where R’ is cyclohexyl).

20
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The cyclic ring structure of the cyclic organic ligand may be a heterocyclic ring

structure, but preferably it is a homocyclic ring structure.

The ring structure which includes the ligating carbon atom may be saturated,
but preferably it is unsaturated. The ring structure including the ligating
carbon atom may be monocyclic, but preferably it is polycyclic and preferably
it includes at least two fused ring structures, that is two ring structures that

share two adjacent ring atoms.

In one embodiment of the invention the ligating carbon atom may form part of
a non-aromatic ring structure which is fused to an aromatic (including
heteroaromatic) ring structure. The non-aromatic ring structure may include
only carbon ring atoms and preferably it has only 5 ring atoms. The non-
aromatic ring structure may include at least one (preferably two) unsaturated
carbon-carbon bonds. The non-aromatic ring structure may include at least
one non-hydrogen moiety bound to a carbon atom of the non-aromatic ring
structure which non-hydrogen moiety does not form part of the aromatic ring
structure. The non-hydrogen moiety may comprise an organic group,
preferably an organyl group, preferably it comprises an aromatic or
heteroaromatic group and preferably it is phenyl. The aromatic ring structure
fused to the non-aromatic ring structure may contain more ring atoms than the
non-aromatic ring structure, and preferably if it has 6 ring atoms. The

aromatic ring structure may include only carbon ring atoms.
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In one embodiment of the invention the cyclic organic ligand may comprise

indenylidene or a substituted derivative thereotf.

The transition metal may comprise a Group VIII metal, preferably Os or Ru,

preferably Ru.

The catalyst may include further ligands as defined below.

The metathesis reaction may comprise cross-metathesis (including self
metathesis and ethenolysis), ring-opening polymerisation metathesis, ring-

closing metathesis, or acyclic diene metathesis.

According to another aspect of the present invention there is provided a

compound of formula 3

wherein
M is a transition metal;
L' is a neutral electron donor ligand;
L? is a phosphorus containing ligand in the form of a heterocyclic
organic compound with a ligating phosphorus atom which ligates with
M, and which ligating phosphorus atom is an atom in the heterocyclic

ring structure of the heterocyclic organic compound;
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X' and X? are independently a ligand; and
Z 1s a cyclic organic ligand in the form of a cyclic organic compound
with a ligating carbon atom in the cyclic ring structure of the cyclic

organic compound which ligates with M by means of a double bond.

The transition metal M may be a transition metal as described earlier above,

and preferably it is Ru.

Preferably the compound is a catalyst, preferably a metathesis catalyst, and

preferably a homogeneous metathesis catalyst.

Ligand L'

L' may be selected from the group consisting of a phosphine, sulfonated
phosphine, phosphite, phosphinite, phosphonite, arsine, stibine, amine,
amide, imine, nitrosyl, carbene and pyridine. In a preferred embodiment of
the invention L' may be any neutral phosphine ligand or carbene ligand.
Preferably L' is a phosphine preferably a phosphine of the formula PR*R*R®,
wherein R®, R* and R° are each independently an organic group, preferably
an organyl group, preferably aryl, C; — Cqo alky! or cycloalkyl. Preferably L' is
selected from the group consisting of —P(cyclohexyl)s; -P(cyclopentyl)s; -P(iso-
propyl)s; and -P(phenyl)s. Preferably L' comprises a phosphorus containing

ligand as defined in respect of L°. Accordingly L'may be the same as L%

In another embodiment of the invention L' may be selected from a group of

heterocyclic compounds containing substituted or unsubstituted five
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membered rings which may be saturated or unsaturated and which may
include at least two adjacent or non adjacent nitrogen ring atoms. Examples

of such ligands are illustrated as formulas 4, 5 and 6:

i - T "‘“"““N
R:m\N/ \N/R R:m\N/ \N/R Rzm\N/—- }\lfﬂ"’
NS NS NS
or or
(4) (3) (6)

wherein R and R may be any group such as H, an organic group (including
an organyl group, preferably alkyl, aryl, cycloalkyl, adamantyl or the like, and

may be further substituted with functional groups).

Ligand L?

L® is a phosphorus containing ligand as already defined with reference to
formula(3). Preferably, the phosphorus containing ligand comprises a
phosphine ligand, preferably a secondary or tertiary phosphine ligand,
preferably a tertiary phosphine ligand. The ligating phosphorus atom may
also be bound to a further moiety which is not part of the heterocyclic ring
structure. The further moiety bound to the ligating phosphorus atom may be
an atom, and preferably it is H. In an alternative and preferred embodiment of
the invention the said moiety may comprise an organic group, preferably an
organyl group. The organyl group may comprise an alkyl, alkenyl, alkynyl,
aryl, cycloalkyl, cycloalkenyl, cycloalkyenyl and optionally it may be

substituted. Preferably it comprises an alkyl, cycloalkyl or aryl.
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Preferably the heterocyclic organic compound has a single heteroatom in the

form of the ligating phosphorus atom.

The heterocyclic organic compound may comprise a bicyclic organic
compound. Preferably the heterocyclic organic compound includes no
unsaturated carbon to carbon bonds. Preferably the two ring structures have
at least 3 shared atoms. Preferably the two ring structures do not have more

than 12 ring atoms, preferably they have nine ring atoms.

In a preferred embodiment of the invention the phosphine ligand comprises a
bicyclic tertiary phosphine having a ligating phosphorus atom which is
preferably bound to two first atoms (preferably carbon atoms) in the ring
structure with each of said first atoms being bound to two other second atoms
(preferably carbon atoms) in the ring structure. Preferably both the second
atoms are carbon atoms. It will be appreciated that in this embodiment each

first atom is bound to three ring atoms.

In a preterred embodiment of the invention the heterocyclic organic compound
comprises a phosphacycloalkane, preferably a phosphabicycloalkane,
preferably a phosphabicyclononane, each of which optionally may be
substituted. Preferably it comprises a monophosphacycloalkane, preferably a
monophosphabicycloalkane, preferably a monophosphabicyclononane.

Preferably the compound comprises a tertiary phosphine.
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In a preferred embodiment of the invention, the phosphabicyclononane is a 9-
phosphabicyclo-[3.3.1]Jnonane of formula 2a or a 9-phosphabicyclo[4.2.1]

nonane of formula 2b or mixtures thereof:

10

wherein R’ is H, or an organic group (including an organy! group). Preferably
15 R' is an optionally substituted alkyl, or optionally substituted aryl, or an

optionaily substituted cycloalkyi.

The phosphabicyclononane may be a compound of formula 2a.

20  In one embodiment of the invention R’ is alkyl, preferably —CxoH41 also known

as eicosyl. In this instance the ligand is known as eicosyl phoban (that is for

both compounds of formula 2a and 2b where R’ is —CaoHa1).
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In one preferred embodiment of the invention R' is cyclohexyl. In this instance
the ligand is known as cyclohexyl phoban (that is for both compounds of

formula 2a and 2b where R is cyclohexyl.

Ligands X' and X°

X' and X? may be independently selected from the group consisting of
hydrogen; halide; C1 — Cyo alkyl; aryl; C1 — Cyo alkoxide; aryloxide; Cz — Cog
alkyldiketonate; aryldiketonate; C1 — Co carboxylate; arylsulfonate; Cy — Cao
alkylsulfonate; Cy — Cy alkylthiol; aryl thiol; Cy — Coo alkylsulfonyl; and C4 -
Coo alkylsulfinyl, the compound being optionally substituted with one or more
other moieties selected from the group consisting of Cy — Cyp alkyl; Cy — Cyo
alkoxy; aryl and halide. Preferably X' and X? are each independently selected
from the group consisting of halide; CF3CO,. CH3CO,; CFH2CO,; (CH3)3CO;
(CF3)2(CH3)CO; (CF3)(CH3)2CO; PhO; MeO; EtO; tosylate; mesylate; and
trifluoromethanesulfonate. Preferably X' and X° are each independently an

anionic ligand, preferably a halide. Preferably X' and X are each chloride.

Ligand Z

Z, the cyclic organic ligand, may be as described above.

In some cases some of the ligands X', X?, L', L and Z may be linked to each

other.

In one preferred embodiment of the invention, the compound of formula 3 may

be a compound and of formula 7:
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wherein
L' L%, X' and X? are as defined above: and
5 each of Y', y!' oyt Y'V, YY and YV is independently H or a moiety other

than H, including an organic group (preferably an organyl group), and at

least some of Y' to YV may be linked to each other.

In one preferred embodiment of the invention the compound of formula 7 may be

10 a compound of formula (8)

e (B)

wherein X1, X? L' and L? are as defined above.
15

In another embodiment. L' is a neutral electron donor ligand, -P(cyclohexyl)s,

-P(cyclopentyl)s, -P(isopropyl)s -P(phenyl)s,
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wherein R" and R" are H, an alkyl, an aryl, a cycloalkyl, or an adamantyi
group; or a 9-phosphabicyclo-[3.3.1lnonane of formula 2a or a 9-

phosphabicyclo[4.2.1Jnonane of formula 2b or a mixture thereof:

(2b)

(&

5
wherein R' is H, a substituted or unsubstituted alkyl, aryl or cycloalkyl
group;

10 L is a phosphorus containing ligand in the form of a heterocyclic organic
compound with a ligating phosphorus atom which ligates with Ru, and which
ligating phosphorus atom is an atom in the heterocyclic ring structure of the
heterocyclic organic compound,

15 wherein the heterocyclic organic compound is a phosphabicyclononane
which Is a 9-phosphabicyclo-[3.3.1]Jnonane of formula 2a or a 9-
phosphabicyclo[4.2.1lnonane of formula 2b or a mixture thereof:

(22)
(2b)
20

wherein R' is H, a substituted or unsubstituted alkyl, aryl or cycloalkyl

group; and
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18b
X' and X*? are independently a ligand which is hydrogen, a halide ion, a C;
- Cog alkyl, an aryl, a Cq - C,o alkoxide, an aryloxide, a C3 - Cyo alkyldiketonate,
an aryldiketonate, a Cy - Cyo carboxylate, an arylsulfonate, a C; - Cy

alkylsulfonate, a C4 - Cyo alkylthiol, an aryl thiol, a C41 - C,o alkylsulfonyl, or a
C1 - Cyo alkylsulfinyl group, the compound being optionally substituted with at

least one moiety which is a C4 - C4g alkyl, a C4 - C4g alkoxy, an aryl group, or a

halide ion.

In another preferred embodiment of the invention the compound of formula 7

may be a compound of formula 8a:
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b
X2 X¢

R

X i
\ = Y d
Xe
X2/ l
/
|2 X X
X
A RS, (8a)

wherein L, L?, X' and X? are as defined above; and
X? to X' are independently hydrogen or a moiety other than H, (preferably

halogen, NO,, OR, SR or NRy) provided that at least one of X to X! is not H.

According to another aspect of the invention there is provided the use of a
catalyst as described hereinbefore including a catalyst of formula 3, In a

metathesis reaction, preferably a homogeneous metathesis reaction.

The reaction is preferably a reaction of at least one olefinic compound in the
form of an olefin with one or more double bonds or a compound which
includes an olefinic moiety with one or more double bonds. The reaction
conditions for the metathesis reaction wherein the catalyst is used may be in

accordance to conditions which are well known to a person skilled in the art of

metathesis reactions.



CA 02614237 2008-01-04

WO 2007/010453 PCT/IB2006/052374
20

Preferably the olefinic compound has a single double bond in the case of a
cross-metathesis reaction. Preferably the olefinic compound has two double
bonds in the case of a ring-closing metathesis reaction. Preferably the olefinic
compound is a cyclic olefin in the case of a ring-opening metathesis

5 polymerisation reaction.

According to a further aspect of the invention there is provided a metathesis
product produced by a metathesis reaction using a catalyst substantially as
described hereinabove.

10

The metathesis catalyst may be a catalyst of formula 3 hereinbefore,

preferably a homogeneous metathesis catalyst.

According to yet a further aspect of the invention there is provided a catalysed
15 metathesis reaction wherein at least one olefinic compound in the form of an
olefin with one or more double bonds or a compound which includes an
olefinic moiety with one or more double bonds is subjected to metathesis in
the presence of a catalyst of the type described hereinbefore. Preferably the
metathesis reaction iIs a homogeneous metathesis reaction.
20
According to yet a further aspect of the invention there is provided a process
for a ring closing metathesis reaction in the presence of a catalyst of the type
described hereinbefore. According to yet a further aspect of the invention
there is provided a process for a ring opening metathesis polymerization

25 reaction in the presence of a catalyst of the type described hereinbefore.
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According to yet a further aspect of the invention there is provided a process
for a cross or self metathesis reaction in the presence of a catalyst of the type
described hereinbefore. The cross metathesis reaction may specifically be an
ethenolysis reaction (where one of the two olefinic compounds is ethylene).
The metathesis reactions preferably comprise homogeneous metathesis

reactions.

The process may include the step of forming the catalyst in situ. The process
may then include the steps of adding together of a source of a transition
metal; a source of a phosphorus containing ligand in the form of a heterocyclic
organic compound with a ligating phosphorous atom suitable for ligating with
the transition metal in the source of the transition metal, and which ligating
phosphorus atom is an atom in the heterocyclic ring structure of the
heterocyclic organic compound; a source of a cyclic organic ligand in the form
of a cyclic organic compound with a ligating carbon atom in the cyclic ring
structure of the cyclic organic compound which is suitable to ligate with the
transition metal in the source of the transition metal by means of a double
bond; and at least one olefinic compound to be metathesised which olefinic

compound is an olefin or a compound which includes an olefinic moiety.

The source of transition metal may be a source of Ru, and preferably it is an

inorganic salt of ruthenium such as RuClz.xH,0.

According to another aspect of the present invention there is provided a

method of preparing a compound of formula 3 by reacting a compound of
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formula 9 with a source of L' and a source of L%, where L' and L? are as

defined above:

Lx
X1 N I
M =7
7
N L (9)
5 LY
wherein
10 M. X', X? and Z are as defined with reference to formula 3; and

L*and LY are the same or different, each is a neutral ligand, and

each of L* and LY is not the same as L' or L*.

It will be appreciated that L' and L* may be the same and accordingly the

15  source thereof may be the same.

Preferably the compound of formula 9 is a compound of formula 10

Y! Yl ‘4l
e | x YV
|
y Fl{u .............. (10)
X2 LY YV
YV

20
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wherein
X', X%, L*and LY are as defined above; and
each of Y, Y Y" YV YV and Y is independently H or a moiety
other than H, including an organic group (preferably an organyl

group), and at least some of Y' to Y may be linked to each other.

Preferably the compound of formula 10 is a compound of formula 11.

LY Ph

wherein X', X4, L* and LY are as defined above.

Preferably the compound of formula 10 is a compound of formula 12
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Xh

wherein X', X4, LX, LY are as defined above; and X® to X! are independently
hydrogen or a moiety other than H, (preferably halogen, NO,, OR, SR or NR»)

5  provided that at least one of X to X! is not H.

eferred embodiment L™ and L’ are identicai and each is

triphenylphosphine.

10 It will be appreciated that the above reaction of preparing a compound of

formula 3 is a ligand exchange reaction.

The method of preparation may also include the step of preparing the
compounds of formula 9, 10, 11 or 12 and the ligand exchange reaction may
15 be performed in situ after preparation of the compound of formula 9, 10, 11 or

12.



10

15

20

25

WO 2007/010453

CA 02614237 2008-01-04

PCT/IB2006/052374
23

The compound of formula 9 (preferably formulae 10 to 12) may be prepared
from reacting a compound consisting of Ru, X', X2, L* and LY only, only with a
source of Z. Such a compound consisting of Ru, X', X4, L* and LY only may
be a phosphine-ruthenium-halide complex, preferably a phosphine-
ruthenium-chloride complex, preferably (PPhs)s RuCls or (PPhs)s Ru Clo. This
reaction may be carried out in a polar organic solvent. The resulting

compound may be subjected to one or more ligand exchange reactions.

The source of Z may be an alcohol.

The compound consisting of Ru, X', X%, L* and LY only may be prepared by
reacting a ruthenium halide (preferably a ruthenium chloride) compound with a
source of LX, LY and also a source of X' and X* where X' and X? are not
halide. Preferably the reaction is between ruthenium chloride and PPhs only.
The reaction may be carried out in a solvent, preferably an organic solvent,

preferably a alcohol, preferably ethanol.

A compound of formula 7, preferably of formula 8, may also be prepared by
reaction of a ruthenium-di-halide-bis-aryl-dimer complex, preferably [(p-
cymene)RuCl],, with two ligands chosen from L*, LY, L' or L as defined
above, and a di-aryl-propargylic alcohol, preterably 2,2-diphenyl-alkin-1-ol in
an organic solvent, preferrably followed by exchange of one or two ligands of
type L* LY, L' or L with one or two other ligands of type L*, LY, L' or L?

followed by isolation of the desired complex through standard procedures.
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Without thereby limiting the scope of the invention it will now be further

described with reference to the following non-limiting examples.

Example 1
Preparation of complex (12)
1. 1,1-diphenyi-2-propyn-1-ol Cy’g N ‘
Ru(PPha)sCly e O
” Cy-p Cy~p Cy~p Ph
AN <D JN
(12)

In a 50 mL round-bottom flask was added Ru(PPh3)3Cl> (1.0 g, 1.04 mmol)
and 1,1-diphenyl-2-propyn-1-ol (330 mg, 1.59 mmol) followed by degassed
tetrahydrofuran (80 mL). The mixture was refluxed for 2 h and then the
solvent was removed under reduced pressure. Cyclohexylphoban (ca. 3.1
mixture of [3.3.1] and [4.2.1] isomers, 672 mg, 3 mmol) in CH.Cl> (20 mL) was
added, and the mixture stirred for 24 h. After such time the solvent was
removed and the residue taken up in hexane. The solid thus formed was
sonicated for 10 minutes and stirred for for 1 hour then filtered to give the

desired complex (12).

*IP('H) NMR (121 MHz, C¢Dg): & = 22.0 (bs); '"H NMR (300 MHz, C¢Dg): & =
8.25 (s, 1H,), 7.80-6.75 (m, 9H), 2.80 (s, 4H, PCH of Phoban), 2.26-0.40 (m,

46H, Phoban H).
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Single crystals suitable for X-ray diffraction were obtained by recrystalization
from evaporation of an ether solution. A crystal structure was obtained
(below): Cs3HeoCloP2Ru, M, = 810.82, monoclinic, space group P2(1)/c, a =
22.336(9), b = 17.602(7), ¢ = 9.796(4) A, V =3834(3) A°>, T =173(2) K, Z = 4,
5 Acacs = 1.357 gcm™, SMART diffractometer,51939 reflections collected, 6839

unique [Rny = 0.1491], Ry = 0.1137, wR2 = 0.2231.

Example 2

10

Metathesis using complex (12) in the ethenolysis of methyl oleate to 1-decene

and 9-methyldecenoate

Methyl oleate (99%) was purchased from Aldrich and passed through a short

15 (2 cm) pad of alumina before use. In a 50 mL stainless-steel autoclave fitted

with dip-tube for sampling was charged methyl oleate (12 g, 40.0 mmol).
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Tetradecane (2.5 g, internal standard) was added and the catalyst (12

example 1 (0.010 mmol) was weighed and transferred into a Schilenk flask
under argon. Toluene (5 mL, degassed) was added to the Schlenk flask and
an aliquot (1 mL) of this stock solution was transterred to the autoclave. The
autoclave was pressurized (4-20 bar (400 to 2000 kPa) of ethylene) and
heated via computerized temperature controller to the desired temperature.
Samples were taken at regular intervals using a dip-tube apparatus, and

analyzed by GC with an MDN column.

The results below in figure 1 show the productive turonover obtained using
catalyst (12) (S/C = 10 000:1) at 10 bar ethylene pressure at various

temperatures.
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TON = Turnover number (number of moles of substrate consumed per mole

of catalyst employed). Deg = degrees Celsius
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Example 3

Metathesis using complex (12) in the self-metathesis of 1-Decene

A 250 mL three-necked round bottom flask was fitted with a refiux condenser,

shermometer and septum. A needie was inserted through the septum and
connected to a gas supply via a needle valve to ensure a slow and steady
stream of argon through the reaction solution. 1-Decene (24 mi, 0.127 moi)
was added to the reaction vessel and the reaction was heated to 65 °C. The
catalyst (12) of example 1 (11.0 mg, 0.014 mmol) was weighed into a custom-
made aluminum weighing tray and added to the reaction mixture. Samples

were taken at regular intervals via syringe through the septum. Samples were

analysed by GC with a Pona column.

The results below in figure 2 show the % conversion obtained using catalyst

(12} at 65 °C.
Figure 2

100
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-#-  Grubbs 1* gen catalyst (1a)



CA 02614237 2014-01-08 "

30

It will be appreciated that catalyst (12) was easy to prepare from well
accessible, stable and essentially non-toxic starting materials and the catalyst
can be isolated and stored. The catalyst exhibited a high catalytic activity, a
good compatibility with functional groups and solvents and it need not be

5 activated by any additive.

It will be appreciated that complex a can be used for a variety of metathesis
reactions and it will be appreciated that many variations in detail are possible.
As such, the scope of the claims should not be limited by the preferred
10 embodiments set forth in the examples, but should be given the broadest

Interpretation consistent with the description as a whole.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:.

1. A compound of formula 8:

(8)

wherein:

L' is a neutral electron donor ligand which is -P(cyclohexyl)s, -P(cyclopentyl)s,

-P(isopropyl)s -P(phenyl)s,

/---—\ 114 “""'”N
R,m\ /—-\ /Rm H"”\ /RH' R \N/—— }\I-—"'Rm

N\/N N\/N NP

(4) (5) (6)

wherein R" and R"" are H, an alkyl, an aryl, a cycloalkyl, or an adamanty! group;
or a 9-phosphabicyclo-[3.3.1]Jnonane of formula 2a or a 9-phosphabicyclo[4.2.1]Jnonane

of formula 2b or a mixture thereof:

(24)
(2b)
wherein R' is H, a substituted or unsubstituted alkyl, aryl or cycloalkyl group;

L2 is a phosphorus containing ligand in the form of a heterocyclic organic

compound with a ligating phosphorus atom which ligates with Ru, and which ligating

phosphorus atom is an atom in the heterocyclic ring structure of the heterocyclic organic

compound,
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wherein the heterocyclic organic compound is a phosphabicyclononane which is
a 9-phosphabicyclo-[3.3.1]Jnonane of formula 2a or a 9-phosphabicyclo[4.2.1]nonane of

formula 2b or a mixture thereof:

®

(22)

(2b)

wherein R” is H, a substituted or unsubstituted alkyl, aryl or cycloalkyl group; and

X' and X? are independently a ligand which is a halide, CF3CO2, CH;CO.,
CFHCO,, (CH3)3CO, (CF3)2(CH3)CO, (CFa)(CH3)2CO, PhO, MeO, EtO, tosylate,

mesylate, or trifluormethanesulfonate.
2. The compound of claim 1, wherein L' and L? are the same.

3. The compound of claim 1, wherein R’ is a substituted or unsubstituted alkyl, aryl

or cycloalkyl group.

4 The compound of any one of claims 1 to 3, wherein X' and X are each

independently a halide.

5. A catalyst comprising a compound as defined in any one of claims 1 to 4 for use
in a catalysed metathesis reaction, wherein at least one olefinic compound in the form of
an olefin with one or more double bonds or a compound which includes an olefinic

moiety with one or more double bonds is subjected to metathesis in the presence of the
catalyst.

6. The catalyst of claim 5 for use in a homogeneous metathesis reaction.

/. The catalyst of claim 5 or 6, wherein the catalyst is formed in situ.
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8. A method of preparing a compound as defined in claim 1 comprising reacting a
compound which is (PPhz)sRuCl; or (PPhs)4RuCl; with an alcohol of 1,1-diphenyl-2-

propyn-1-ol.
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