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METHOD OF REMOVING TRANSITION METALS, ESPECIALLY FROM METATHESIS REACTION PRODUCTS

BACKGROUND OF THE INVENTION

5 TECHNICAL FIELD

This invention relates to a method of diminishing the concentration of a metal complex
from a solution containing said complex by the addition of an optionally fused and/or
optionally substituted heterocyclic compound. The added compound is a solubility-

10  enhancing compound that enhances the solubility of said complex in a second solution.
Thereafter the solution containing said complex can be extracted with the second solution.

BACKGROUND INFORMATION

15
Despite the ubiquitous use of metal complexes in organic reactions, a simple method for

their removal has yet to be discovered. Unfortunately, residual metals often must be
removed from the reaction mixture because they can interfere with subsequent
transformations and can pose problems for shelf-life and use of the final product.

20
Current methods for removing metal complexes involve running the reactant mixture

through numerous columns or other similarly rigorous purification strategies. In addition o
being cumbersome, these procedures are time consuming and labour intensive. As uses
for metal complexes increases, a simple and facile method for their removal is

25  increasingly needed and desired.

US 6.376, 690 discloses a method of removing residual metals from a solution by adding

a solubility-enhancing compound, wherethrough the relative solubilities between two

solutions are manipulated so as to cause the metal complex in a first solution to transfer
30  into a second solution that is generally immiscible with the first solution. The removal of

the second solution thus also removes the metal complex from the reaction mixture.

US 6.376, 690 recommend phosphines as useful solubllity-enhancing compounds.
However, the examples disclosed in this invention, only demonstrate that the use of a

-
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special water-soluble phosphine, i.e. trishydroxymethylphosphine (THP) in combination
with triethylamine, is able to reduce the Ruthenium content of different simple ether and
ester products. With respect to the large scale synthesis of more highly functionalized
organic compounds, treatments with THP solutions may cause undesired side reactions.
These side reactions may be due to formaldehyde present in THP solutions, which are
most easily accessible for large scale operations by means of alkaline deformylation of
commercially available ajueous tetrakis(hydroxy methyl)phosphonium salts (TKC).

Moreover, in view of a potential commercial use on large scale, phosphines generally
exhibit the disadvantage of being very susceptible towards oxidation. This implies that
special measures have to be taken to protect these air sensitive and/or pyrbgenic
compounds from contact to oxygen and therefore guarantee their desired efficiency.
Hence, these phosphoric compounds are released in situ in separate vessels under inert
conditions, increasing the complexity of the large scale processes. In addition, phosphines
are toxic and therefore not useful in food or pharmaceutical industry, since any product

contamination by these compounds has to be strictly avoided.

Surprisingly it was found, that these pitfalls can be avoided by the use of certain
heterocyclic compounds with at least two nitrogen atoms as solubility enhancing

compounds.

BRIEF SUMMARY OF THE INVENTION

This invention relates to a process for diminishing the concentration of a metal complex
from a solution containing said complex by the addition of an optionally fused and/or
optionally substituted heteroCyoliC compound. This compound is a solubility-enhancing
compound that enhances the solubility of said complex in a second solution. Thereafter
the solution containing said complex can be extracted with the second solution.

In one embodiment of the invention, the relative solubilities between two solutions are
manipulated so as to cause a metal complex in a first solution (typically the reaction
mixture) to transfér into a second solution that is genérally immiscible with the first

solution. The removal of the second solution thus also removes the metal complex from
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the reaction mixture. This embodiment is particularly useful for separating the metal

complex from the reaction product.

The invention further relates to a process for diminishing the concentration of a metai
complex from a solution containing said complex by the addition of a solubility-
enhancing compound which is imidazole, benzimidazole, pyrazole, or triazole
wherein each atom of the solubility-enhancing compound each independently Is

optionally substituted by -C1.s-alkyl, -C1.6-alkyl-OH, -C.¢-alkoxy, or phenyl.

The invention further relates to use of a solubility-enhancing compound which is
imidazole, benzimidazole, pyrazole, or triazole wherein each atom of the solubility-
enhancing compound each independently is optionally substituted by -C1.s-alkyl,
-C1¢-alkyl-OH, -C1.¢-alkoxy, or phenyl for diminishing the concentration of a transition

metal complex from a solution.

The invention further relates to a process for diminishing the concentration of a
transition metal complex from a reaction mixture containing said complex and a
product of a metathesis reaction, comprising the steps a-d: a) adding a solubility-
enhancing compound which is imidazole, benzimidazole, pyrazole, or triazole
wherein each atom of the solubility-enhancing compound each independently Is
optionally substituted by'-C1-6-aIkyI, -C6-alkyl-OH, -C1.s-alkoxy, or phenyl that
enhances the solubility of said complex in a second solution; b) heating a first
solution to 40 — 120°C: ¢) stirring the resulting mixture for 60 - 600 minutes; and d)

extracting the first solution with an aqueous solution.

The invention further relates to a process for manufacturing a compound of formula 1
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wherein R® is H or -CH; and mis 0 or 1,

comprising,

) ring closure metathesis reaction of a compound of formula 2 in

5 presence of a useful ruthenium catalyst,

1) diminishing the ruthenium concentration after reaction as described

herein;

111} reacting the resulting compound 3¢ with a compound of formula 4,

10 wherein R® and m are defined as above;

-3a-
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I\/) saponification of the resulting compound of formula 5, wherein R°

and m are defined as above;

MeO R 5 '

5 The invention further relates to use of a solubility-enhancing compound which Is

imidazole, benzimidazole, pyrazole, or triazole wherein each atom of the solubillity-

enhancing compound each independently is optionally substituted by -C1s-alkyl,

-C4¢-alkyl-OH, -C4_-alkoxy, or phenyl. for diminishing the concentration of a transition

metal complex after a metathesis reaction.

_3b-
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DETAILED DESCRIPTION OF THE INVENTION

The present In\{entloh generally.relates to the diScoVery that the solubllity of metal
complexes may be readily manipulated by.the addition of one or more solubility-enhancing

* compounds. This manlpulation of the solubliities allows for the preparation of suitable

samples for precise quantitative énalyéls and for the facile purification of the desired

‘products from the reaction mixture contalning one or more metal complexes.

“In the most general senée; the present Invention relates to a method of enhancing the

sdlubillty of a metal complex (or a combination of metal complexes) in a solution by the
addition of one or more solubllity-enhancing compounds to the 80lution.

USED TERMS AND DEFINITIONS

Termé not specifically defined herein should be givenithe meanings that would be given to
them by one of skill in the art in light of the disclosure and the context. As used In the

~ specification, however, unless specified to the contrary, the following terms have the

meaning indlcated and the following conventions are adhered to.

In the groups, radicals, or moieties defined belbw. the number.of carbon atoms Is often

‘specified preceding the group, l.e. -Cy-g alkyl means an alkyl group or radical having 1 to 6

carbon atoms. Unless otherwise speciﬂed below, conventional definltions of terms control

and conventional stable atom valences are presumed and achieved In all formulas and
groups. |

- The term "optionally substituted" as used hereln, means that any one or more hydrogens

on the designated atom Is replaced with a selection from the indicated group, provided

-that the designated atom's normal valence Is not excesded, and that the substitution

results In a stable compound.

-3¢~
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The term "optionally fused" as used herein, means that two adjacent hydrogens on the
designated ring are replaced with two atoms‘of another ring, provided that the designated
atom's norfnal valence is not exceeded, and that the substitution results in a stable
compound. Examples for fused rings are benzimidazole, purine or chinazoline.

The term "-Cq.g-alkyl" aé used herein, either alone or in combination with another
substituent, means acyclic, straight or branched chain alkyl substituents containing from
one to six carbon atoms. The term -Cy¢-alkyl can include é.g. methyl, ethyl, propyl, butyl,
hexyl, 1-methylethyl, 1-methylpropyl, 2-methylpropyl or 1, 1-dimethylethyl.

The term "-Cqs-alkoxy" as used herein, either alone or in combination with another
substituent, means the substituent -O-C,-g-alkyl wherein alkyl is as defined above
containing up to six carbon atoms. Alkoxy includes methoxy, ethoxy, propoxy, 1-methyl-

ethoxy, butoxy or 1, 1-dimethyiethoxy.

The term "-Cs.g-cycloalkyl" as used herein, either alone or in combination with another
substituent, means a cycloalky! substituent containing from three to six carbon atoms and
includes cyclopropyl, cyclobutyl, cyclqpentyl, cyclohexyl, cycloheptyl or cycloocty!.

The term "-Cs.1g-alkenylene” as used herein means a divalent alkenyl substituent derived
by the removal of one or two hydrogen atom from each end of a unsaturated straight or
branched chain aliphatic hydrocarbon containing from five to ten carbon atoms and at

least one, two or three double bonds and includes, for example, ~-CHx-CH,-CH,-CH=CH-,
-CH,-CH2-CH=CH-CH;-,-CH>-CH>-CH-CHJ-CH=.

The term "-Cs.qg-alkynylene” as used herein means a divalent alkyny! substituent derived
by the removal of one, two or three hydrogen atom from each end of a unsaturated
straight or branched chain aliphatic hydrocarbon containing from five to ten carbon atoms

and at least one or two triple bonds and includes, for example, -CH;~CiH,-CH2-C=C-,
“CHQ-CHz-CEC-CHQ","CHZ"CHQ"CHg-CHz-CE.
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The term "aryl" as used herein, either alone or in combination with another substituent,
means either an aromatic monocyclic system or aromatic multicyclic systems containing
carbon atoms. For example, aryl includes a phenyl or a naphthyl ring system.

5  The term "het" as used herein, either alone or in combination with another substituent,
means a saturated or unsaturated heterocycle containing carbon atoms and one, two,
three or four heteroatoms selected from nitrogen, oxygen and sulphuf. Examples of
suitable heterocycles include: tetrahydrofuran, thiophene, diazepine, isoxazole, piperidine,

(\/” :

dioxane, morpholine, piperazine or

10 O

Although generally covered under the term "het", the term "heteroaryl" as used herein
precisely defines an unsaturated heterocycle for which the double bonds form an aromatic
system. Suitable example of heteroaromatic systems include: pyrimidine,

Q (W Q 3! r<\~*\"“

16

As used hereih, the term "metal complexes" include the metal itself (e.g. Cu, Mg, Ru, Os,
etc), its ions, and metal containing or metal associated compounds (either through
covalent bounds or through other intermolecular forces such as chelation). lllustrative

20  examples of metal complexes whose solubility's may be manipulated through the practice
of the present invention include but are not limited to complexes of: cadmium, chromium,
cobalt, copper, gold, iridium, iron, magnesium, manganese, mercury, molybdenum, nickel,
osmium, palladium, platinum, rhenium, rhodium, ruthenium, silver, technetium, tungsten,
and zinc.

25
As used herein, "solubility-enhancing compounds" are compounds that interact with a
metal or transition metal complex in a manner that enhances the solubility of the metal
moiety in the desired solution. Suitable examples of solubility-enhancing compounds are
imidazole, pyrazole, triazole, pyridazine, pyrimidine, pyrazine, triazine, diazepine,

30 triazepine, dihydro-imidazole, dihydro-pyrazole, tetrahydro-pyridazine, tetrahydro-
pyrimidine, tetrahydro-pyrazine, dihydro-pyridazine, dihydro-pyrimidine, dihydro-pyrazine,

5.
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tetrahydro-triazine, dihydro-triazine,' tetrahydro-diazepine, dihydro-diazepine, tetrahydro-
triazepine, dihydro-triazepine.

As used herein "adsorbent" are solid compounds that adsorb a metal or transition metal
complex. So, if added to a solution containing impurities of a metal or a transition metal
the concentration of said metal or transition metal is diminished in the liquid phase.
Suitable examples for adsorbent are-silica gel, charcoal, aluminium oxide or functionalized

resins.

As used herein the term "protecting group" includes functional groups used for the
protection of a hydroxy function. To protect the hydroxy function the protective group
replaces the hydrogen atom of the hydroxy group, to unprotect the hydroxy group
cleavage of the group-oxygen bond under reformation of the -OH group under mild
conditions is possible.

As used herein the term "suitable leaving group" includes functional groups that are
replaces the hydrogen atom of a hydroxy group. Then the group is displaced as stable
species {aking with it the bonding electrons. Typically the leaving group leaves as an
anion taking the oxygen of the former hydroxy group with it. The better the leaving group,
the more likely it is to depart.

A leaving group can be the same then a protecting group depending on the reaction to
despatch the group. Examples of suitable leaving groups or protecting groups are
2.4.6-trimethylbenzoate, 2.4-dinitrophenyl, 2.4-dinitrophenylsulfenate, 2-chlorobenzoate,
2-trifluoromethylbenzyl, 2-trimethyl§ilylethyl, 3.4-dimethoxybenzyl, 3.4-dimethoxybenzyl,
3-phenylpropionate, 4-bromobenzoate, 4-nitrobenzoate, 9-anthryl, 9-fluorenylmethyl,
a-naphthoate, acetate, allyl, allylsulfonate, benzoylformate, benzyl, benzyloxymethyl,
benzylsulfonate, brosylate, chloroacetate, chlorodiphenylacetate, dichloroacetate,
diethylisopropylsilyl, dimethylisopropylsilyl, diphenylacetate, diphenylmethyl, ethyl,
isobutyl, isobutyrate, menthoxymethyl, methanesulfonate, methoxyacetate,
methoxymethyl, methyl, monosuccinoate, nitrobenzyl, nitrophenyl, N-phenylcarbamate,
p-acylaminobenzyl, p-chlorophenyl, p-cyanobenzyl, p-halobenzyl, phenoxyacetate,
phenylacetate, p-methoxybenzyl, p-methoxyphenyl, p-phenylbenzoate, propargyl, t-butyl,
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tosylate, tribenzylsilyl, trichloroacetate, triethylsilyl, trifluoroacetate, triisopropylsilyl, |
trimethyilsilyl, triphenylmethyl, triphenyisilyl, tris(trimethyisilyl)silyl, vinyl.

5 PREFERRED EMBODIMENTS

Preferred is a.process for diminishing the concentration of a metal complex from a
solution containing said complex by the addition of an optionally fused and/or optionally

substituted het or hetaryl, wherein
10  hetis a four to eight membered, non-aromatic heterocyclic compound containing

two, three or four nitrogen atoms and
hetaryl is a five or six membered, aromatic heterocyclic compound containing two or

three nitrogen atoms.

15  More preferred is a process for diminishing the concentration of a transition metal complex
from a solution containing said complex by the addition of an optionally fused and/or
optionally substituted het or hetaryl, wherein
het is a four to eight membered, non-aromatic heterocyclic compound containing

two, three or four nitrogen atoms and

20 hetaryl is a five or six membered, aromatic heterocyclic compound containing two or

three nitrogen atoms.

Most preferred is a process for diminishing the concentration of a transition metal complex
from a solution containing said complex by the addition of an optionally fused het or
25  hetaryl, wherein
het is a four to eight membered, non-aromatic heterocyclic compound containing
two, three or four nitrogen atoms, wherein each atom of the ring each
independently is optionally substituted by -C,.¢-alkyl, -C4.g-alkyl-OH,
-C1.6-alkoxy, -C.6-phenyl or phenyl and
30 hetaryl is a five or six membered, aromatic heterocyclic compound containing two or
three nitrogen atoms, wherein each atom of the ring each independently is
optionally substituted by -Cyg-alkyl, -C4.g-alkyl-OH, -C4.¢-alkoxy,
-C1.6-phenyl or phenyi.
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Another embodiment of the invention is a method of diminishing the concentration of a

transition metal complex from a first solution containing said complex by the addition of a

second solution, comprising the steps:

e adding a solubility-enhancing bompound that enhances the solubility of said complex
in the second solution;

e ‘combining the first solution with the second solution wherein the second solution is
immiscible with the first solution;

e mixing the first solution and second solution together; and,

e removing the second solution from the first solution;
wherein the solubility-enhancing compound is an optionally fused, heterocyclic compound

containing at least 2 nifrogen atoms.

Preferred is a process, wherein the solubility-enhancing compound is an optionally fused
five-, six- or seven membered aromatic or non-aromatic heterocyclic compound,
containing two or three nitrogen atoms, wherein each atom of the ring each independently
are optionally substifuted by -C,s-alkyl, -C1-6-alkyl;OH, -Ci.g-alkoxy, -C.s-phenyl or phenyi.

More preferred is a process, wherein the solubility-enhancing compound is selected from
the group consisting of imidazole, benzimidazole, pyrazole or triazole.

Preferred is the process wherein the removed transition metal is selected from a group
consisting of Cu, Ru, Os, Cd, Cr, Co, Ag, Ir, Fe, Mn, Hg, Mo, Ni, Pd, Pt, Re, Rh, Ag, Te, W

or Zn.

More preferred is the process wherein the removed transition metal is selected from a
group consisting of Cu, Ru, Fe, Ni, Pd, Pt, Rh or W, preferably Ru, Pd or Rh, particular
preferred is Ru.

Most preferred is a process for diminishing the concentration of a Ru, Rh or Pd complex
from a first solution containing said complex, comprising the steps:
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e adding a solubility-enhancing compound that enhances the solubility of said complex
In an aqueous solution ; |

e combining the first solution with an aqueous solution wherein the aqueous solution is
immiscible with the first solution;

e mixing the first solution and the aqueous solution together; and,

e removing the aqueous solution from the first solution;
wherein the solubility-enhancing compound is selected froim the group consisting of

imidazole, benzimidazole, pyrazole or triazole.

In a preferred variation of the above method, an adsorbent is added after removing of the
second solution. The method comprises the steps

e adding an adsorbent, preferably charcoal powder to the first solution;

e removing ail solid residues from the first solution.

Therefore preferred is a process for diminishing the concentration of a Ru, Rh or Pd

complex from a first solufion containing said complex, comprising the steps:

e adding a solubility-enhancing compound that enhances the solubility of said complex
in an aquéous solution; optionally ad an adsorbent;

e combining the first solution with an aqueous solution wherein the aqueous solution is

immiscible with the first solution;
e mixing the first solution and the aqueous solution together; and,
e removing the aqueous solution from the first solution:;
e adding charcoal powder to the first solution;

e removing all solid residues from the first solution
wherein the solubility-enhancing compound is selected from the group consisting of
Imidazole, benzimidazole, pyrazole or triazole.

Another embodiment of the invention is a process for diminishing the concentration of a
transition metal complex from a reaction mixture containing said complex, comprising:
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ﬁ

a) adding a heterocyclic compound containing at least 2 nitrogen atoms as a solubility-
enhancing compound that enhances the solubility of said complex in the second

solution; |
b) heating the first solution to 40-120°C;
c) stirring the resulting mixture for 20-720 minutes:
d) extracting the first solution with an aqueous second solution.

Preferred is a process wherein the molar ratio between the transition metal and the
solubility enhancing compound is from 1 : 10 to 1 : 600, preferably from 1: 10 to 1 : 300,
more preferably from 1 : 25 to 1: 100, most preferably about 1 : 50.

Preferred is a process wherein step b) comprises, heating the first solution to 60-100°C,
preferably 70-90°C, more preferably 75-85°C.

Preferred is a process wherein step a) comprises, addin"g an optionally fused five-, six- or
seven membered aromatic or non-aromatic heterocyclic compound, containing two or
three nitrogen atoms, wherein each atom of the ring each independently are optionally
substituted by -C4¢-alkyl, -C4.¢-alkyl-OH, -C4.g-alkoxy, -C,.s-phenyl or phenyl, preferably
selected from the group consisting of imidazole, benzimidazole, pyrazole or triazole as a
solubility-enhancing compound that enhances the solubility of said complex in the second
solution.

Preferred is a process wherein step c) comprises, stirring the resulting mixture for 60-600

minutes, preferably 180-480 minutes, more preferably 300 - 420 minutes, most preferably
320-340 minutes.

Preferred is a process wherein step d) comprises the steps:

e exiracting the first solution with hydrochloric acid, preferably 0.1-5.0 N HCI, more
preferably 0.5-2.0 N HCI, most preferably 0.75-1.25 N hydrochloric acid; and thereafter

e extracting the first solution once, twice, thrice or more with water.

-10-




10

15

20

25

30

CA 02539575 2006-03-17

WO 2005/053735 PCT/EP2004/012972

Therefore preferred is a process for diminishing the concentration of a Ru Rh or Pd

complex from a reaction mixture containing said complex, comprising the steps:

a) adding a compound selected from the group consisting of imidazole, benzimidazole,
pyrazole, triazole as a solubility-enhancing compound that enhances the solubility of
said complex in the second solution;

b) heating the first solution to 80°C;

c) stirring the resulting mixture for 120 minutes;

d) extracting the first solution with 1N hydrochloric acid; and thereafter, extracting the
first solution twice with water.

Also preferred is a process, wherein the remaining concentration of transition metal after
steps a-d is same or less then 1000 ppm, < 900 ppm, < 800 ppm, preferably < 700 ppm,

< 600 ppm, <500 ppm, in particular < 400 ppm, < 300 ppm, < 200 ppm, < 100 ppm, < 50
ppm, < 10 ppm or < 5 ppm.

Preferred is also a variation of the process, wherein steps a) and b) are exchanged.

Preferred is a process wherein step d) is followed by the steps e-h comprising the steps,

- e) adding a solid adsorbent;

f)  heating the mixture to 20-100°C

g) stirring the resulting mixture for 10-500 minutes;

|

h) removing the solid residues.

Preferred is a process wherein the solid adsorbent is charcoal powder.

Preferred is a process wherein step f) comprises, heating the first solution to 30-80°C,
preterably 35-70°C, more preferably 40-60°C, most preferably 45-55°C.

Preterred is a process wherein step g) comprises, stirring the resulting mixture for 20-200
minutes, preferably 60-180 minutes, more preferably 100-140 minutes, most preferably
110-130 minutes.
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Therefore preferred is a process for diminishing the concentration of a Ru, Rh or Pd

complex from a reaction mixture containing said complex, comprising the steps:

a)

adding a compound selected from the group consisting of imidazole, benzimidazole,
pyrazole, triazole as a solubility-enhancing compound that enhances the solubility of
said complex in the second solution;

heating the first solution to 80°C;

stirring the-resulting mixture for 120 minutes; '

extracting the first solution with 1N hydrochloric acid; and thereafter, extracting the

first solution twice with water;

adding charcoal powder;

heating the mixture to 50°C

stirring the resulting mixture for 120 minutes;
filtering the solid residues off.

Also preferred is a process, wherein the remaining concentration of transition metal after

steps a-h is same or less then 500 ppm, <400 ppm, preferably < 300 ppm, < 200 ppm, in

particular < 100 ppm, <50 ppm, <10 ppm or <5 ppm.

Also preferred is a process, wherein the first solution is the crude product solution of a

metathesis reaction containing a compound of general formuia 3,

wherein

R'is H,-COR® -COOR?, -CO-NHR?®, -NH-COR?®, -NH-COOR?;
R?is -OR® -NHR® -NH-COR?, -NH-CONHR?, -NH-COOR?;

R®is H, -Cyg-alkyl, -Cs.g-cycloalkyl, aryl, het or hetary!:

R*is H, -Cyg-alkyl, -Cs.g-cycloalkyl, -OH, -SH, -NH,, -CN, halogen;
R®is H or a suitable leaving group or protecting group;
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D -Cs.qp-alkenylen, -Cs.qp-alkynylen both optionally containing one, two or three

heteroatoms selected from O, S, NR®,

and the source of said transition metal complex is a ruthenium catalyst useful for

metathesis reactions. More preferred is a process wherein product of the metathesis

reaction is a compound of general formula 3a,

D/—“J);,,‘AV\\R

O. NH
R O %-‘/
0
R* /

OR™® 3a

1

wherein R', R%, R®, R* and D are defined as above and R is a suitable leaving group

most preferred Is a process, wherein product of the metathesis reaction is a compound of

general formula 3b,

v LG

wherein R is a suitable leaving group and
R'is H, -COR? -COOR?;

R?is -NH-COR® -NH-CONHR?, -NH-COOR?;
R’is H, -Cys-alkyl, -Cs g-cycloalkyl.

Another embodiment of the invention is a process for manufacturing a compound of

formula 1
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1
wherein R®is H or -CHz and m is O or 1.
comprising,
5 1) ring closure metathesis reaction of a compound of formula 2 in presence of a
useful ruthenium catalyst;
\ ’c,,q\\oone
O. .NH
o Y
N
O NH 2N
pOEe adhes
a o
2

1) diminishing the ruthenium concentration after reaction according to one of the

10 above described procedures;

HI) reacting the resulting compound of formula 3¢ with a compound of formula 4,
wherein R® and m are defined as above:
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/;:i O\
N ”_Lll /m<
4

3C

V) saponification of the resulting compound of formula 5, wherein R® and m are

defined as above;

Preferred is a process for manufacturing a compound 3¢ comprising ring closure

metathesis reaction of a compound 2 in presence of a useful ruthenium catalyst;

10 2
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and removing the ruthenium content after reaction according to one of the above

described procedures.

This method is particularly effective for the diminishing the concentration of ruthenium

complexes, especially of ruthenium complexes containing a metalla-heterocycle, more

preferably of ruthenium complexes containing a metalla-heterocycle useful for catalysing

metathesis reactions, preferably ring closing metathesis reaction, ring opening metathesis

reaction or cross metathesis reaction.

Preferred ruthenium complexes are compounds of formula 6 or 7

1
y ll_ RB l|_1 RB
/i
'RU- X"h
\ g Ru=
4 X",
/O L
R’ . g
(R") (R")

wherein

X and X' are anﬂionic ligands, preferably F, CI, Br, |, most preferably ClI;

L' is

L2 is

R’ is

RS is
RYis

R"is

a neutral ligand, preferably PCy; or

[\

MeS—NvN-—Mes

a neutral ligand, preferably P(-C,.¢-alkyl)s, P(-C4.6-cycloalkyl); or PPhs, most
preferably PCy; |

~-C1.g-alkyl, -Cq.g-haloalkyl, -Cs.g-cycloalkyl or -C-13-aralkyl; preferably -C;.g-alkyl,
most preferably iso-propyl;

H, -Cs.6-alkyl, ~C,.g-alkenyl, -Co¢-alkynyl or phenyl, most preferably H;

each independently -C,.s-alkyl, -Cs.¢s-alkoxy, phenyl, F, CI, -NO,, -CN, -CF3;, -OCF3,
-CO-R", -80,-R™ or -PO(R™),;

-Cqe-alkyl or -Cz.g-cycloalkyl, both optionally substituted by one or more group
selected from each independently F, Cl, Br, | or -C,.g~alkoxycarbonyl, or phenyl or

heteroaryl both optionally substituted by one or more group selected from each
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independently F, Cl, Br, I, -Cy¢-alkyl, -Cy¢-alkoxy, -NO2, -CN, -CF3, -OCF3 or
-Cq.g-alkoxycarbonyl;

nis 0,1,2,3,4o0r5;

and Cy has the meaning of cyclohexyl, Mes has the meaning of mesityl.

More preferred ruthenium complexes are compounds of formula 6 or 7

L1 R8 L1 o
X, IIQU X' | R
X(¢ e X,[‘QU_
2
7/0 -
R g
R g Ry

wherein
X and X' are anionic ligands, preferably F, Cl, Br, I, most preferably Cl;
L'is a neutral ligand, preferably PCy; or

Mes-—~N/—\N--Mes
e .
L%is a neutral ligand, preferably P(-C,.¢-alkyl)s, P(-Css-cycloalkyl)s or PPhs, most
preferably PCy;
R7is -Cys-alkyl, -Cqg-haloalkyl, -Cs g-cycloalkyl or -Cy-15-aralkyl; preferably -Cq.¢-alkyl,
most preferably iso-propyl;
R%is H, -Cqg-alkyl, -Cz-e-élkenyl, -Ca.g-alkynyl or phenyl, most preferably H;
R%is each independently -Cq.¢-alkyl, -Cyg-alkoxy, phenyl, F, Cl, -NO,, -CN, -CF3, -OCF;
nis 0,1,2,3,4o0rb5;

and Cy has the meaning of cyclohexyl, Mes has the meaning of mesityl.

Most preferred are the ruthenium complexes of formula 6a, 6b and 6c.
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As with prior embodiments, the solubility-enhancing compound may be added to the first
solution or the second solution, or the combined solutions. However, it is generally preferred
that the solubility-enhancing compound is added to the first solution prior to the combining of

5 the first solution with the second solution.

The scope of the claims should not be limited by the preferred embodiments set forth in the

examples, but should be given the broadest interpretation consistent with the description as a

whole.
EXPERIMENTAL SECTION
10 EXAMPLE 1 |
W .
%\ LCOMe - 7 = _\* GO, Me
- ~\ L 2
4{ oy o
- ""'N'/w ba N ~NTN
0. -NH - o o~ o .
2 =~ 1 O - ﬂ'
i 0-§ g 05~ H-er
< p . 0 ( j/ 0 O =¥
. 2 . 3
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Into a flask, equipped with a mechanical stirrer, a condenser, a nitrogen inlet, a dropping
funnel and a heating jacket toluene (2 |) is added at ambient temperature. The solvent is
flushed with nitrogen and heated to 80°C, a 36.3% solution of 2 in toluene (55.1 g), is
added to the reactor. After 15 minutes a first portion of solid Hoveyda catalysts 6a
(0.163 g) is added, and repeated twice (60 and 120 minutes later); so that the total
amount of Hoveyda catalyst at the end is 0.489¢.

After HPLC-analysis indicates >97% conversion of starting material the reaction is
stopped by cooling the reactor content to ambient temperature. Three metathesis batches
according to Example 1 are combined and further used for metal scavenging experiments.

EXAMPLE 2

Into a flask, equipped with a mechanical stirrer, a condenser and a heating jacket the
clear metathesis solution from Example 1 is added (500 ml, containing ca. 6.6 mmole of
3). The content is heated to the desired temperature (see table 1) and the appropriate
metal scavenger (see table 1), is added and the resulting mixture is stirred for 360
minutes. Thereafter the solution is cooled to ambient temperature and watery extracted,
wherein the extraction processes consist of 1N hydrochloric acid (1 x 70 mL) and water (2
x 70 mL). The resulting organic phases are used In the further isolation processes.

EXAMPLE 3

The toluene solution of metathesis product 3 after watery extraction according {o example
2 (ca. 100 mL) is evaporated to dryness (rotary evaporator). The residue is analyzed for
its ruthenium content. The results are summarized in table 1 and 2 under V3 (B'-D).

EXAMPLE 4

The toluene solution of metathesis product 3 after watery extraction according to example
2 (400 ml) is concentrated by distillation to 80 mL. Charcoal powder (1.0 g, Acticarbon LS)
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Is added and the mixture is heated up to 50°C for 120 minutes, cooled to ambient
temperature and the charcoal powder is filtered off. The remaining mixture is further
concentrated (22 ml) and added to methyl cyclohexane (114 mL) at 0°C. The resulting
precipitate is isolated by filtration, rinsed with cold methyl cyclohexane (2 x 20mL), and
vacuum dried (20 hours, at 35°C). The yield of isolated metathesis product 3 (white solid)
Is 3.4 - 3.9 g (85-97%). The ruthenium content of the metathesis products are listed in
table 1 and 2 under V4. |

Table 1: Experimental conditions and results for metal scavenging experiments (Mixture 1)

Exp.  scavenger m [g] Mol% T[°C] Rulppm] Ru[ppm]
(M) [mmole] 5 V3 V4
A none e - 80 2250 s
B! imidazole 144 (21.1) 100 80 216 72
C.  Dbenzimidazole 2.49 (21.1) 100 80 472 288
D triazole 1.46 (21.1) 100 80 365 246

Nl - - e

Table 2: Experimental conditions and results for metal scavenging experiments (Mixture 2)

p—

Exp.  scavenger "m [g] ‘Mol% T[°C] Rul[ppm] Rul[ppm]
(M) [mmole] V3 V4

B°  imidazole = 1.44(21.1) 100 80 149 49
B° imidazole 1.44 (21.1) 100 60 271 178
B imidazole 0.72(11.5) 50 80 267 112
BS imidazole 2.88 (42.2) 200 60 249 104
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CLAIMS:

1. A process for diminishing the concentration of a metal complex from a
solution containing said complex by the addition of a solubility-enhancing compound
which is imidazole, benzimidazole, pyrazole, or triazole wherein each atom of the
solubility-enhancing compound each independently is optionally substituted by

-C1.¢-alkyl, -C1-alkyl-OH, -C_s-alkoxy, or phenyl.

2. A process according to claim 1 for diminishing the concentration of a
transition metal complex from a first solution containing said complex by the addition

of a second solution, comprising the steps:

» adding the solubility-enhancing compound that enhances the solubility

of said complex in the second solution;

» combining the first solution with the second solution wherein the

second solution is immiscible with the first solution;
~» mixing the first solution and second solution together; and,
 removing the second solution from the first solution.

3. A process according to claim 1 or 2, wherein the metal of said metal
complex is at least one of Cu, Ru, Fe, Ni, Pd, Pt, Rhand W.

4. The process according to claim 2 or 3 further comprising after removing

the second solution from the first solution:
» adding a solid adsorbent to the first solution; and

» removing all solid residues from the first solution.

D. Use of a solubility-enhancing compound which Is imidazole,
benzimidazole, pyrazole, or triazole wherein each atom of the solubility-enhancing

compound each independently is optionally substituted by -C4.¢-alkyl, -C1.s-alkyl-OH,
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-C1.s-alkoxy, or phenyl for diminishing the concentration of a transition metal complex

from a solution.

6. A process for diminishing the concentration of a transition metal
complex from a reaction mixture containing said complex and a product of a

metathesis reaction, comprising the steps a-d:

~a) adding a solubility-enhancing compound which is imidazole,
benzimidazole, pyrazole, or triazole wherein each atom of the solubility-enhancing
compound each independently is optionally substituted by -C4.6-alkyl, -C+.¢-alkyl-OH,

-C1.¢-alkoxy, or phenyl that enhances the solubility of said complex in a second

solution;
b) heating a first solution to 40 — 120°C;
c) stirring the resulting mixture for 60 - 600 minutes; and
d) extracting the first solut‘ion with an aqueous solution.
/. A process according to claim 6 wherein the molar ratio from transition

metal and solubility-enhancing compound is between 1:10 and 1:600.
8. A process according to claim 6 or 7, wherein step d) comprises:
K extracting the first solution with 1N hydrochloric acid; and
» extracting the first solution at least twice with water.

9. A process according to any one of claims 6 to 8, wherein the remaining

concentration of transition metal after steps a-d is less then 1000 ppm.

10. - A process according to any one of claims 6 to 9, wherein step d) Is

followed by the steps e-h comprising,

e) adding a solid adsorbent;
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' f) heating the mixture to 20 — 100°C;

g) stirring the resulting mixture for 10 - 500 minutes; and
h) removing the solid residues.

11. A process according to claim 10, wherein the solid adsorbent is

5 charcoal powder.

12. A process according to claim 10 or 11, wherein the remaining

concentration of transition metal after steps a-h Is less then 500 ppm.

13. -~ A process according to any one of claims 2 to 12 wherein the first
solution is the crude product solution of a metathesis reaction containing a compound

10 of general formula 3,

wherein
R"is H, -COR®, -COOR?®, -CO-NHR”, -NH-COR® or -NH-COOR?,
 R%is -OR?, -NHR?, -NH-COR?, -NH-CONHR? or -NH-COOR?,
15 " R°is H, -Cqs-alkyl, -Cs.g-cycloalkyl, aryl, het or hetaryl:
R*isH, -C16-alkyl, -C5_g-cycloalkyl, -OH, -SH, -NH,, -CN or halogen;
R"® is H or a suitable leaving group or protecting group;

D is -Cs.1p-alkenylen, or -Cs_1p-alkynylen, both optionally contain one,

two or three heteroatoms selected from O, S and NR3;
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the source of said transition metal complex is a ruthenium catalyst

useful for metathesis reactions; and

het is a four to eight membered, non-aromatic heterocyclic compound

containing two, three or four nitrogen atoms and

5 hetaryl is a five or six membered, aromatic heterocyclic compound

containing two or three nitrogen atoms.

14. A process according to claim 13, wherein product of the metathesis

reaction is a compound of general formula 3a,

LG
OR 3a

10 “wherein R', R%, R* and D are defined as in claim 13; and
RC is a suitable leaving group.

15. A process according to claim 13 or 14, wherein product of the

metathesis reaction is a compound of general formula 3b,

15 wherein

R'is H. -COR® or -COOR®:

4.



CA 02539575 2013-08-21

25771-1164

R? is ~NH-COR?, -NH-CONHR® or -NH-COOR?;
R® is H, -Cy.g-alkyl or -Cs_g-cycloalkyl;
R“C is a suitable leaving group.

16. A process for manufacturing a compound of formula 1

O
)/
U Tm o\
5 1
wherein R® is H or -CH3 and m is 0 or 1, comprising,
) ring closure metathesis reaction of a compound of formula 2 in
presence of a useful ruthenium catalyst;
\
"c,q\\COZMe
O._ _NH
o Y
0
O~ NP .9
Y O-ﬁ@-Br
o
2
10 1) diminishing the ruthenium concentration after reaction according to

any one of claims 1 to 12;
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lll) reacting the resulting compound 3¢ with a compound of formula 4,

wherein R® and m are defined as above:

I\V) saponification of the resulting compound of formula 5. wherein R®

O and m are defined as above:

| — ./ \ ~CO,Me
' O NH
. NQ
| O

O

O NH
Y
O

a

17. Use of a solubility-enhancing compound which is imidazole.

benzimidazole, pyrazole, or triazole wherein each atom of the solubility-enhancing

compound each independently is optionally substituted by -C4¢-alkyl, -C46-alkyl-OH,
10 -Cqe-alkoxy, or phenyl for diminishing the concentration of a transition metal complex

after a metathesis reaction.
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