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New catalytic system for cross-coupling reactions

[0001]  An objective of the present invention is to provide an efficient
catalytic system for cross-coupling reactions. Another objective is to provide
a simple and easily available catalytic system which is efficient for a wide
variety of cross-coupling reactions, said catalytic system being less
expensive and less toxic than the catalytic systems known in the art. Other
objectives will be apparent in the following specification.

[0002] It has now been found that these objectives are met in whole or in
part with the subject of the present invention.

[0003] In a first aspect, the present invention relates to a process for
creating a Carbon-Carbon bond (C-C) or a Carbon-Heteroatom bond (C-HE)
by reacting a compound carrying a leaving group with a nucleophilic
compound carrying a carbon atom or a heteroatom (HE) that can substitute
for the leaving group, creating a C-C or C-HE bond, wherein the reaction
takes place in the presence of an effective quantity of a catalytic system
comprising a ligand and at least a metal-based catalyst, such a metal catalyst

being chosen among iron or copper compounds proviso that only a single

metal is present.

[0004] In a preferred embodiment the metal is either iron or copper.
[0005] Applicants have now found that the use of a single metal based
compound as a catalytic system in association with a ligand, allows cross-
coupling reactions between a compound carrying a leaving group and a
nucleophilic compound, without it being necessary to use specific solvents.
[0006] The general scheme of the process according to the present

invention may be illustrated as follows:

. METAL catalyst
R—Q: + Y—R - R—Q—R
ligand

wherein:
- Y-R? represents a compound carrying a leaving group Y; and
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- R-Q: represents a nucleophilic compound, R being the residue of
said nucleophilic compound, and Q being a carbon atom or a
heteroatom (HE) that can substitute for said leaving group Y.

- the ligand being chosen among the compound of formula |

I

- R' and R", which may be M identical or
different, represent a R n R '
hydrogen atom or a C1-C20 n=0-3
X, X'=0,N, S
hydrocarbon group, which may be
a saturated or unsaturated ! acyclic

linear or branched aliphatic group; a saturated, unsaturated or
aromatic, monocyclic or polycyclic carbocyclic or heterocyclic
group; or a concatenation of said groups; and at most one of the
groups R’ and R" represents hydrogen. |
[0007] the metal catalyst being chosen among iron or copper compounds
as defined below.In one embodiment, the ligand is of diketone type and R’
and R” may be identical or different, represent a C1-C20 hydrocarbon group
linear or branched.
[0008] More particularly R' and R” are terbutyl.
[0009] In one aspect of the process of the present invention, an arylation
reaction is carried out by reacting an aromatic compound carrying a leaving
group with a nucleophilic compound.
[0010] In another aspect of the process of the invention, a vinylation or
alkynylation reaction is carried out by reacting a compound with a double or
triple bond in the a position to a leaving group respectively. Throughout the
description of the present invention, the term "arylation" is used in its broad
sense since it is envisaged that the compound employed carries a leaving
group which is either of the unsaturated aliphatic type, or of the carbocyclic
aromatic or heterocyclic type.
[0011]  The term "nucleophilic compound" means an organic hydrocarbon

compound that may be acyclic or cyclic or polycyclic and comprises at least
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one atom carrying a free electron pair, which may or may not carry a charge,

preferably a nitrogen, oxygen, sulfur, boron or phosphorus atom, or

comprises a carbon atom that may donate its electron pair.

[0012] As mentioned above, the nucleophilic compound comprises at
5 least one atom carrying a free electron pair, which can be carried by a

functional group and/or a carbanion.

[0013]  Examples of functional groups and/or carbanions comprising said

atom that can be mentioned are:

\N H \N“ \N N \N N- \ N—H
o ; i - —N— ;  C=N—H ;
/ ' / / H 1 / /
N N—C/ \N——N——c/ N—C=N— \N—C_N——
H - ! - \ ! H I_ ! / I !
AN AN
10
\
C:N'—OH ’ N_OH [ WN——O'_’“ y _N—C_ ; N—C——— :
H H Il /o
. O O
N cI; o— ; \N—cl;——o——o— —N—N—CG— \N—N-~C~—-
138 2! R g /10
\ \ VAR AV
NTN=G70— & NN=Gm0— ¢ —eN =N
H O / l o) g g \
—O0—-H ; —O0 . —8— ; —S§ ;
?3—- , —C—CO00— ; —00C—C—C00— ; —NC—C—CN— ;
15 l
—00C—C—CN— ; —N=C™— : N=C~ : N;

N(CN)2™; P(CN)2"; C(CN);™; C(CN),NO™; NCO™; NCS™; NSO"; CNO";



10

15

20

25

WO 2009/071997 PCT/IB2008/003715

Y R
N=EC— ; —C=¢  ; —P-N— ; —>P1N2' ,
/
—Pp ; \P“ ; ——\C—B/
/ /N

[0014] In one embodiment the nucleophilic compound is a hydroxy-
containing compound.
[0015] More particularly the nucleophilic compound is a phenol,
substituted or not, polysubstituted or not in any position, with linear or
branched alkyl, hydroxyl or halogen.
[0016] In a further aspect of the invention, the nucleophilic compound
comprises at least one nitrogen atom carrying a free electron pair included in
a saturated, unsaturated, or aromatic cycle; the cycle generally containing 3
to 8 atoms.
[0017] It should be noted that when the nucleophilic compound comprises
~ a functional group, examples of which are given above, and carries one or
more negative charges, said compound is then in its salt form. The counter-
jion is generally a metallic cation such as an alkali metal, preferably
potassium, sodium or lithium or an alkaline-earth metal, preferably calcium,
or the residue of an organbmetallic compound such as magnesium or zinc
compound.
[0018] A first advantage of the process of the invention is the use of a
single metal catalyst of either iron or copper type rather than of palladium or
nickel type, i.e. a less toxic catalyst, further bringing an additional economic
advantage.
[0019] A further advantage is that a wide range of cross-coupling agents,
especially arylation agents, for nucleophiles can be used, not only iodides,
but also bromides, chlorides or triflates, especially aryl iodides, but also aryl

bromides, chlorides or triflates.
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[0020] The process of the invention involves a large number of
nucleophilic compounds and examples are given below by way of illustration
which are not limiting in any way.

[0021] A first category of nucleophilic compounds to which' the process of
the invention is applicable comprises organic nitrogeh-containing derivatives,
more particular primary or secondary amines; hydrazine or hydrazone
derivatives; amides; sulfonamides; urea derivatives or heterocyclic
derivatives, preferably nitrogen-containing and/or sulfur-containing.

[0022] More precisely, the primary or secondary amines can be

represented by general formula (la):

in which formula (la):

R' and R?, which may be identical or different, represent a hydrogen atom or
a C4-Cy hydrocarbon group, which may be a saturated or unsaturated
acyclic linear or branched aliphatic group; a saturated, unsaturated or
aromatic, monocyclic or polycyclic carbocyclic or heterocyclic group; or a
concatenation of said groups; and at most one of the groups R' and R?
represents hydrogen.

[0023]  Preferred amines have formula (la) in which R" and R?, which may
be identical or different, represent a C4 to Cy5 alkyl group, preferably C4 to
C1o, @ C3 to Cg cycloalkyl group, preferably Cs or Cs, or a Cg to Cy2 aryl or
arylalkyl group.

[0024] More particular examples of groups R' and R? that can be
mentioned are C4 to C4 alkyl groups, phenyl, naphthyl or benzyl groups.
[0025] More specific examples of amines with formula (la) that can be
mentioned are aniline, N-methyl aniline, diphenylamine, benzylamine and

dibenzylamine,
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[0026] The present invention does not exclude the presence of one or
more insaturations in the hydrocarbon chain(s), such as one or more double
and/or triple bonds, which may or may not be conjugated.

[0027]  The hydrocarbon chain(s) may also be interrupted by one or more
heteroatom(s) (e.g. oxygen, sulfur, nitrogen, phosphorous), and/or by a
non-reactive functional group, such as for example —CO-, ‘

[0028] It should be noted that the amino group can be in the form of
anions. In such a case, the counter-ion is a metal cation, preferably an alkali
metal cation, more preferably sodium or potassium. Examples of such
compounds that can be cited are sodium or potassium amide.

[0028] The hydrocarbon chain can optionally carry one or more
substituents (for example halogen, ester, amino or alkyl and/or
arylphosphine) provided that they do not interfere.

[0030] The linear or branched, saturated or unsaturated acyclic aliphatic
group can optionally carry a cyclic substituent. The term "cycle" means a
saturated, unsaturated or aromatic carbocyclic or heterocyclic cycle.

[0031] The acyclic aliphatic group can be connected to the cycle via a
covalent bond, a heteroatom or a functional group such as oxy, carbonyl,
carboxyl, sulfonyl, and the like. '

[0032] Examples of cyclic substituents that can be envisaged are
cycloaliphatic, aromatic or heterocyclic substituents, in particular
cycloaliphatic substituents containing 6 carbon atoms in. the cycle or
benzenic, said cyclic substituents themselves optionally carrying any
substituent provided that they do not interfere with the reactions occurring in
the process of the invention. Particular mention can be made of Cq to C4 alkyl
or alkoxy groups.

[0033] More particular aliphatic groups carrying a cyclic substituent
include cycloalkylalkyl groups, for example cyclohexylalkyl, or arylalkyl
groups, preferably C; to Cyg, in particular benzyl or phenylethyl.

[0034] In the above formula (la), groups R' and R? may also
independently represent a carbocyclic group that is saturated or contains 1 or
2 unsaturated bonds in the cycle, generally Cs to Cg, preferably with 6 carbon
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atoms in the cycle; said cycle can be substituted. A preferred example of this
type of group that can be cited is cyclohexyl, optionally substituted with linear
or branched alky! groups containing 1 to 4 carbon atoms.
[0035] R'and R? may independently represent an aromat'io hydrocarbon
group, in particular a benzenic group of general formula (F4):

(W),

(F4)
in which:
- t represents 0, 1, 2, 3, 4 or 5; and
- W represents a group selected from linear or branched C4-Ce alkyl,
linear or branched CCs alkoxy, linear or branched C4-Cg alkylthio, -NO,
-CN, halogen, CF3 or a pseudohalide group..
[0036] R' and R? may also independently represent a polycyclic aromatic
hydrocarbon group with cycles possibly forming between them
ortho-condensed or ortho- and peri-condensed systems. A more particular
example that can be cited is naphthyl; said cycle optionally being substituted.
[0037] R' and R? can also independently represent a polycyclic
hydrocarbon group constituted by at least 2 saturated and/or unsaturated
carbocycles or by at least 2 carbocycles, only one of which being aromatic,
and forming between them ortho- or ortho- and peri-condensed systems.
Generally, the cycles are Cs to Cg, preferably Ce. More particular examples
that can be cited are bornyl and tetrahydronaphthalene.
[0038] R' and R? can also independently represent a saturated,
unsaturated or aromatic heterocyclic group, in particular containing 5 or 6
atoms in the cycle, including one or two heteroatoms such as nitrogen atoms
(not substituted with a hydrogen atom), sulfur or oxygen; the carbon atoms of
this heterocycle may also be substituted.
[0039] R' and R? can also represent a polycyclic heterocyclic group
defined as either a group constituted by at least two aromatic or non aromatic

heterocycles containing at least one heteroatom in each cycle, and forming
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ortho- or ortho- and peri-condensed systems between them, or a group
constituted by at least one aromatic or non aromatic hydrocarbon cycle and
at least one aromatic or non aromatic heterocycle forming between them
ortho- or ortho- and peri-condensed systems; the carbon atoms of said
cycles can optionally be substituted.

[0040] Examples of heterocyclic type groups R' and R? that can be cited
include furyl, thienyl, isoxazolyl, furazanyl, isothiazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyranyl, phosphino and quinolyl, naphthyridinyl, benzopyranyl or
benzofuranyl groups.

[0041]  The number of substituents present on each cycle depends on the
carbon condensation of the cycle and on the presence or otherwise of an
unsaturated bond on the cycle. The maximum number of substituents that
can be carried by a cycle can readily be determined by the skilled person.
[0042] Other nucleophilic compounds encompassed by the present
invention may for example be hydrazine derivatives of formulae (Ib):

R (Ib)
in which: '
R® and R*, which may be identical or different, have the meanings given for
R! and R? in formula (la), and at most one of the groups R® and R*
represents hydrogen.
[0043] More particularly, groups R® and R* represent a Cq to Cqs alkyl
group, preferably Cq to Cyo, @ Ca to Cg cycloalkyl group, preferably Cs or Cs,
or a Cs to Cqz aryl or aryl alkyl group. Still more particularly, R® and R*
represent C4 to Cy4 alkyl, phenyl, benzy! or naphthyl.
[0044] More particularly groups R® and R* represent an aromatic group.
[0045]  Other nucleophiles comprise oximes and hydroxylamines, which

may be represented by general formulae (Ic) and (id) respectively:
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R\
C=N—H 7

6/ N
R (Ic) H (1d)
in which formulae:
- R% and R®, which may be identical or different, have the meanings given
for R' and R? in formula (la), and at most one of the groups R® and R*

represents hydrogen;
- R” has the meanings given for R" or R? in formula (la), except hydrogen;

v

and
- R® represents hydrogen, a linear or branched, saturated or unsaturated

acyclic aliphatic group, saturated or unsaturated, monocyclic or
10 polycyclic, carbocyclic group; or a concatenation of said groups.
[0046] Preferred oximes or hydroxylamines are those of formulae (Ic) and
(Id) respectively, wherein R%, R® and R” represent C1 to Cys alkyl, preferably
Cq to Cqo; Cs to Cg cycloalkyl, preferably Cs or Cé; or Cs to Cqz aryl or
arylalkyl.
;5 [0047] As more particular examples of groups R®, R® and R’, mention
may be made of Cq to C4 alkyl groups, phenyl, naphthyl or benzyl. Regarding
R®, it preferably represents Cq to Cy4 alkyl or benzyl. -
[0048] According to another aspect, the present invention involves
hydrazine type nUcleophilic compounds, which may be represented by the

20 following formula (le):

in which:
- R® R' and R", which may be identical or different, have the meanings
given for R' and R? in formula (la);
25 - R represents hydrogen or a protective group G; and
- atleast one of the groups R®, R'and R'" does not represent hydrogen;
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- or R? and R' may together form, with the nitrogen atom carrying them,
a saturated, unsaturated or aromatic, monocyclic or polycyclic C3-Czo
heterocyclic group.

[0049] Preferred hydrazines are of formula (le) above, wherein R? and
R which are the same or different, represent C4-Cys alkyl, preferably
C+-C1o, Ca-Cs cycloalkyl group, preferably Cs-or Cg; or Cg-Cqz aryl or aryl
alkyl. Still preferred hydrazines are those of formula (le), wherein R® and R™,
which are the same or different, represent Cq to C4 alkyl, phenyl, benzyl or
naphthyl.

[0050] R°®and R' may be linked together, so as to form, together with the
nitrogen atom carrying them, a saturated, unsaturated or aromatic,
monocyclic or polycyclic C3-Cao heterocyclic group, comprising two or three
ortho-condensed cycles, i.e. at least two cycles have two carbon atoms in

common,
[0051]  For polycyclic compounds, the number of atoms of each cycle may

vary preferably between 3 and 6. According to a preferred embodiment, R®

and R'° together form cyclohexane or fluorenone.

[0052] In the above formula (le), R"' preferably represents hydrogen,
alkyl (preferably C4-C1z), alkenyl or alkynyl (preferably C2-Cq2), cycloalkyl
(preferably Cs-Cq2), aryl or aryl alkyl (preferably Ce-C12). Still more preferably,
R'" represents hydrogen or C4-C4 alkyl.

[0053] It should be noted that when the nucleophilic compound comprises
a NH, group, the two hydrogen atom may react. In such a case, and in order
to improve the reaction selectivity, one or the two hydrogen atoms may
advantageously be blocked, using a protective agent. Such protective agents
are well known in the art, and mention may be made of commonly used
protective groups, such as for example acyl (acetyl, benzoyl), BOC
(butyloxycarbonyl), CBZ (carbobenzoxy), FMOC (trifluoromethyloxycarbonyl)
or MSOC (methanesulfenyl-2-ethoxycarbonyl). See e.g. Theodora W.
Greene et al., Protective Groups in Organic Synthesis, 2™ edition, John
Wiley & Sons, Inc., for the amino group protection and unprotection

reactions.
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[0054]  Still other nucleophilic compounds that may be involved in the
process of the present invention are hydrazone compounds, which may be

represented by formula (If):

R”\

13’C:NMH_R14

R (I
in which:
- R™ R™and R™, which may be identical or different, have the meanings
given for R' and R? in formula (la);
- at most one of the groups R'? and R represents hydrogen;
- or R and R"® may together form, with the carbon atom carrying them,
a saturated, unsaturated or aromatic, monocyclic or polycyclic Cs-Cao
carbocyclic or heterocyclic group.
[0055] Preferred hydrazones are of formula (If) above, wherein R and
R’ which are the same or different, represent Cq-Cqs alkyl, preferably
C4-C1g. Cs-Cs cycloalkyl group, preferably Cs-or Cs; or Ce-Cq2 aryl or aryl
alkyl. Still preferred hydrazones are those of formula (If), wherein R'? and
R'® which are the same or different, represent Cq to Cs4 alkyl, phenyl, benzyl
or naphthyl.
[0056] R and R'® may be linked together, so as to form, together with
the carbon atom carrying them, a saturated, unsaturated or aromatic,
monocyclic or polycyclic C3-Ca carbocyclic or heterocyclic group, comprising
two or three ortho-condensed cycles.
[0057] For polycyclic compounds, the number of atoms of each cycle may
vary preferably between 3 and 6. According to a preferred embodiment, R'?
and R together form cyclohexane or fluorenone.
[0058] In the above formula (If), R™ preferably represents hydrogen, alkyl
(preferably Ci4-Cqp), alkenyl or alkynyl (preferably C2-C42), cycloalkyl
(preferably C3-Cyz), aryl or aryl alkyl (preferably Cg-C12). Still more preferably,
R represents hydrogen or C4-C4 alkyl.
[0059] The invention also encompasses amide type compounds, more

particularly of formula (lg):
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R'®-NH-CO-R'® (Ig)
in which formula (Ig), R'® and R*® have the meanings given for R' and R* in
formula (la). |
[0060] In one embodiment R' is an hydrogen and R'® is a €1-C20
hydrocarbon group linear or branched.
[0061] Examples of compounds with formula (lg) that can be cited are
oxazolidine-2-one, benzamide and acetamide.
[0062] The invention is also applicable to sulfonamide type compounds,
which may be for example of formula (lh):

R'7-80,-NH-R™  (In)
in which formula (Ih), R" and R'® have the meanings given for R and R? in
formula (la).
[0063] An example of a compound with formula (Ih) comprises
tosylhydrazide.
[0064] Other types of nucleophilic substrates that can be mentioned are
urea derivatives such as guanidines, which can be represented by formula

(1i):

R’ /N—Rw
/
/ \
19 / —R'®
19 :
R (I

in which formula (li), groups R1g, which may be identical or different, have the

meanings given for Ry and Ry in formula (la).
[0065] An example of a compound with formula (1i) that can be cited is

N,N,N',N'-tetramethylguanidine.
[0066]  Still further nucleophilic compounds that may be used in the
process of the present invention comprise amino-acids and derivatives

thereof, e.g. of following formula (1j):

RZO\ Raa
/N~§‘
21
R O\

° R ()
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wherein
- Raa represents hydrogen or the residue of an amino acid, preferably
hydrogen; linear or branched C4-C42 alkyl optionally carrying a functional
group; Cg-Cq2 aryl or aryl alkyl; or a functional group, preferably a hydroxyl
group;
- R® and R* have the meanings given for R' and R? in formula (1a);
- Ry represents hydrogen; a metallic cation, preferably an alkali metal
cation; or a C4-C12 hydrocarbon group, preferably C4-Cqz alkyl.
[0067] In a preferred embodiment, Raa in formula (Ij) above represents
alkyl possibly carrying a functional group, e.g. —OH, -NHz, -CO-NHa,
-NH-CNH-, -HN-C(O)-NH,, -COOH, -SH, -S-CHjs, or an imidazole, pyrrole, or
pyrazole group.
[0068] Examples of amino-acids include glycine, cysteine, aspartic acid,
glutamic acid, histidine.
[0069]  Nucleophilic compounds that are well suited to use in the process
of the invention are heterocyclic derivatives comprising at least one
nucleophilic atom such as a nitrogen, sulfur or phosphorus atom.
[0070] More precisely, such compounds are of general formula (Ik):

22
A
in which formula (Ik):

- A represents the residue of a cycle forming all or a portion of a
monocyclic or polycyclic, aromatic or non aromatic. heterocyclic system,

(Ik)

wherein one of the carbon atoms is replaced by at least one nucleophilic
atom such as a nitrogen, sulfur or phosphorus atom;

- R#, which may be identical or different, represent substituents on the
cycle; '

- n represents the number of substituents on the cycle.

[0071]  The invention is applicable to monocyclic heterocyclic compounds
with formula (Ik) in which A represents a saturated or unsaturated or aromatic
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heterocycle in particular containing 5 or 6 atoms in the cycle and possibly
containing 1 or 3 heteroatoms such as nitrogen, sulfur or oxygen, at least one
of which is a nucleophilic atom, such as NH or S.

[0072] A can also represent a polycyclic heterocyclic compound defined
as being constituted by at least 2 aromatic or non aromatic heterocycles
containing at least one heteroatom in each cycle and forming ortho- or ortho-
and peri-condensed systems between them, or a group constituted by at
least one aromatic or non aromatic carbocycle and at least one aromatic or
non aromatic heterocycle forming ortho- or ortho- and peri-condensed
systems between them.

[0073] It is also possible to start from a substrate resulting from a
concatenation of a saturated, unsaturated or aromatic heterocycle as
described above and of a saturated, unsaturated or aromatic carbocycle. The
term "carbocycle" preferably means a cycloaliphatic or aromatic cycle
containing 3 to 8 carbon atoms, preferably 6.

[0074]1 It should be noted that the carbon atoms of the heterocycle can
optionally be substituted with groups R, either completely or partially.

[0075]  The number of substituents present on the cycle depends on the
number of atoms in the cycle and on the presence or otherwise of
unsaturated bonds on the cycle. The maximum number of substituents that

* can be carried by the cycle can readily be determined by the skilled person.

[0076] Informula (Ik), nis preferably 0, 1, 2, 3 or 4, preferably 0 or 1.

[0077] Examples of substituents are given below, but this list is not

limiting in nature.

[0078] Group or groups R% which may be identical or different,

preferably represent one of the following groups:

- linear or branched C4-Cs alkyl, preferably C4-C, alkyl, such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl or tert—butYl;_

- Iinear.or branched C»-Cs, preferably C,-C4, alkenyl or alkynyl, such as

vinyl or allyl;
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- linear or branched C4-Cg, preferably C4-C4, alkoxy or thioether, such as
methoxy, ethoxy, propoxy, isopropoxy or butoxy, or alkenyloxy, preferably
allyloxy or phenoxy;,

- cyclohexyl, phenyl or benzyl;

- agroup or function such as: hydroxyl, thiol, carboxyl, ester,. amide, formyl,
acyl, aroyl, amide, urea, isocyanate, thioisocyanate, nitrile, azide, nitro,
sulfone, sulfonic, halogen, pseudohalogen or trifluoromethyl.

[0079] The present invention is particularly applicable to compounds of

formula (Ik) in which groups R* more particularly represent alky! or alkoxy.

[0080] More particularly, optionally substituted residue A represents one

of the following cycles:
- a monocyclic heterocycle containing one or more heteroatoms:

CF,
AT AN AN A
(w) (;N Q (NN
H H

\ N
H H H
o)
N N—N o) }——\ 0
( \ ! i\

N N N \[( N
| | N |
H H H o) H

- a bicycle comprising a carbocycle and a heterocycle comprising one or

more heteroatoms:
N
CD OO O OO )
N N l\{/ N N\H
H H H H 5

- a tricycle comprising at least one carbocycle or a heterocycle

comprising one or more heteroatoms:



WO 2009/071997 PCT/IB2008/003715

10

15

20

25

— 16 —

Co0 Gty GO0 G0

[0081] Preferred examples of heterocyclic compounds are those with
formula (Ik) in which A represents a cycle such as: imidazole, pyrazole,
triazole, pyrazine, oxadiazole, oxazole, tetrazole, indole, pyrrole, phthalazine,
pyridazine or oxazolidine.
[0082] Among nucleophilic compounds that can also be used in the
process of the invention, mention may be made of alcohol or thiol type
compounds represented by the following formula (Im):

R®-Z  (Im)
in which formula (Im):
- R® represents a hydrocarbon group containing 1 to 20 atoms and has
the meanings given for R' or R? in formula (1a);
- Z represents a OM' or SM' type group, in which M' represents a
hydrogen atom or a metallic cation, preferably an alkali metal cation.
[0083] Preferred compounds have formula (im) in which R® represents a
hydrocarbon group containing 1 to 20 carbon atoms, which may be a linear
or branched, saturated or unsaturated acyclic aliphatic group; a monocyclic
or polycyclic, saturated, unsaturated or aromatic carbocyclic or heterocyclic
group; or a concatenation of said groups.
[0084] More precisely, R?® preferably represents a linear or branched
saturated acyclic aliphatic group preferably containing 1 to 12 carbon atoms,
more preferably 1 to 4 carbon atoms.
[0085] The invention does not exclude the presence of unsaturation on
the hydrocarbon chain, such as one or more double and/or triple bonds,
which may or may not be conjugated. _
[0086] As for R' in formula (Ia), the hydrocarbon chain may optionally be
interrupted by a heteroatom, a functional group, or may carry one or more

substituents.
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[0087] In formula (Im), R% can also represent a saturated or non
saturated carbocyclic group, preferably containing 5 or 6 carbon atoms in the
cycle; a saturated or non saturated heterocyclic group, containing 5 or 6
carbon atoms in the cycle including 1 or 2 heteroatoms such as nitrogen,
sulfur, oxygen or phosphorus atoms; a monocyclic, aromatic heterocyclic or
carbocyclic group, preferably phenyl, pyrile, furyl, pyranyl, thiophenyl,
thienyl, phospholyl, pyrazolyl, imidazolyl, pyrrolyl, or a polycyclic, aromatic
heterocyclic or carbocyclic group which may or may not be condensed,
preferably naphthy!.

[0088] When R® includes a cycle, this may also be substituted. The
nature of the substituent is of no importance, provided that it does not
interfere with the principal reaction. The number of substituents is generally
at most 4 per cycle, usually 1 or 2. Reference should be made to the
definition of R* in formula (Ik).

[0089] The invention also encompasses the case in which R* comprises
a concatenation of aliphatic and/or cyclic, carbocyclic and/or heterocyclic
groups.

[0090] One acyclic aliphatic group may be connected to a cycle via a
covalent bond, a heteroatom or a functional group such as oxy, carbonyl,
carboxy, sulfonyl, and the like.

[0091] More particular groups are cycloalkylalkyl, for example
cyclohexylalkyl, or aralkyl groups containing 7 to 12 carbon atoms, in
particular benzyl or phenylethyl.

[0092] The invention also encompasses a concatenation of carbocyclic
and/or heterocyclic groups, more particularly a concatenation of phenyl
groups separated by a covalent bond or an atom or a functional group such
as: oxygen, sulfur, sulfo, sulfonyl, carbonyl, carbonyloxy, imino,
carbonylimino, 'hydrazo or alkylene (C4-C+,, preferably Cy)-diimino.

[0093]  The linear or branched, saturated or unsaturated acyclic aliphatic
group can optionally carry a cyclic substituent. The term "cycle" means a
saturated, unsaturated or aromatic carbocyclic or heterocyclic cycle.
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[0094] Preferred compounds with formula (Im) have general formula
(Imy): '

£
o™
(Imy)
in which ‘
5 - D represents the residue of a monocyclic or polycyclic, aromatic,

carbocyclic group or a divalent group constituted by a concatenation of
two or more monocyclic aromatic carbocyclic groups;
- R represents one or more substituents, which may be identical or
different;
10 - Z represents an OM' or SM' group in which M1 represents a hydrogen
atom or a metallic cation, preferably an alkali metal cation; and
- nis0,1,2, 3,4o0rb.
[0095] Examples of substituents R can be found by referring to those
for R% defined for formula (k).
15 [0096] More particular compounds with formula (Im4) are those in which
the residue (D) represents:
- a monocyclic or polycyclic aromatic carbocyclic group with cycles that can
together form an ortho-condensed system of formula (F11):
(R,

(R¥

n

m

(F11)
20 in which formula (Fy), m represents 0, 1 or 2 and symbols R* and ',
which may be identical or different, have the meanings given above;
- a group constituted by a concatenation of two or more monocyclic aromatic

carbocyclic groups with formula (F1y):

(F12)
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in which formula (Fiz), symbols R? and n', which may be identical or
different, have the meanings given above, p is 0, 1, 2 or 3 and W
represents a covalent bond, a C4-C4 alkylene or alkylidene, preferably a
methylene group or isopropylidene group, or a functional group such as
oxy, carbonyl, carboxy, suffonyl, and the like.

[0097] Preferred compounds with formula (Im) have formulae (Fy1) and

(Fy2) in which:

- R represents hydrogen, hydroxyl, -CHO, -NO, or a linear or branched
alkyl or alkoxy group containing 1 to 6 carbon atoms, preferably 1 to 4
carbon atoms, more preferably methyl, ethyl, methoxy or ethoxy;

- W represents a covalent bond, alkylene or alkylidene containing 1 to 4
carbon atoms or an oxygen atom;

- misOor1;nis0,1or2;pis0or.

[0098] llustrative examples of compounds with formula (Im) that can in

particular be mentioned are:

- those in which residue D has formula (Fy4) in which m and n' equal 0,

such as phenol or thiophenol;

- those in which residue D has formula (Fq4) in which m equals 0 and n'

equals 1, such as hydroquinone, pyrocatechine, resorcin, alkylphenols,

alkylthiophenols, alkoxyphenols, salicylic aldehyde, p-hydroxybenzaldehyde,
methyl salicylate, p-hydroxybenzoic acid methyl ester, chlorophenols,
nitrophenols or para-acetamidophenol;

- those in which residue D has formula (Fy¢) in which m equals 0 and n'

equals 2, such as dialkylphenols, vanillin, isovanillin, 2-hydroxy-5-acetamido-

benzaldehyde, 2-hydroxy-5-propionamidobenzaldehyde, 4-allyloxybenzal-
dehyde, dichlorophenols, methylhydroquinone or chlorohydroquinone;

- those in which residue D has formula (F41) in which m equals 0 and n'

equals 3, such as 4-bromovanillin, 4-hydroxyvanillin, trialkylphenols,

2,4 6-trinitrophenol, 2,6-dichloro-4-nitrophenol, trichlorophenols, dichloro-

hydroquinones or 3,5-dimethoxy-4-benzaldehyde;
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- those in which residue D has formula (F11) in which m equals 1 and n'is
1 or more, such as dihydroxynaphthalene, 4-methoxy-1-naphthol or 6-bromo-
2-naphthol;

- . those in which residue D has formula (F42) in which p is 1 and n'is 1 or
more, such as 2-phenoxyphenol, 3-phenoxyphenol, phenylhydroquinone,
4 ,4'-dihydroxybiphenyl, isopropylidene  4,4'-diphenol  (bisphenol  A),
bis(4-hydroxyphenyl)methane, bis(4-hydroxyphenyl)sulfone, bis(4-hydroxy-
phenyl)sulfoxide, tetrabromo bisphenol A. |

[0099] As other nucleophilic compounds belonging to totally different
families and that can be used in the process of the invention, mentioned may
be made of phosphorus-containing compounds and phosphorus- and
nitrogen-containing compounds, more particularly those having the following

formulae:

« phosphides of formula (R*),-P - (In);
e phosphines of formula (R®)s-P (lo);
o phosphonium azayldiides of formula ~ (R%)s-P*-N* (Ip);

o phosphonium azaylides of formula ~ (R®)s-P*-N~R*®  (Iq);

in which formulae (In) to (Iq), the R% groups, that may be identical or

different, and the R?® group represent:

- Cq-Cqz alkyl;

- Cs-Cs cycloalkyl;

- Cs-Cg cycloalkyl which is substituted by one or more C4-C; alkyls or C4-C4
alkoxys;

- phenylalkyl, the aliphatic part of which has from 1 to 6 carbon atoms;

- phenyl; or

- phenyl substituted by one or more C4-C4 alkyls or C4-C4 alkoxys, or by
one or more halogen atoms.

[0100] As particularly preferred phosphorous-containing compounds,

mention may be made of tricyclohexylphosphine, trimethylphosphine,

triethylphosphine, tri-n-butylphosphine, tri-iso-butylphosphine, tri-tert-butyl-

phosphine, tribenzylphosphine, dicyclohexylphenylphosphine, triphenyl-
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phosphine, dimethylphenylphosphine, diethylphenylphosphine, di-tert-butyl-

phenylphosphine.

'[01 01]  Other nucleophilic compounds that can be used in the process of

the invention are hydrocarbon derivatives containing a nucleophilic carbon.

[0102] More particular examples are malonate type anions comprising a

-0O0C-HC ~COO- group.

[0103]  Alkyl malonate anions with formula (Ir) can be mentioned:

R?-00C-HC ~(R*®)-COO-R#"  (Ir)

wherein:

- R¥ and R?%, which may be identical or different, represent alkyl
containing 1 to 12 atoms, preferably 1 to 4 atoms;

- R s chosen from among hydrogen; C4-C12 alkyl; Cs-Cg cycloalkyl; Cs-Cs
cycloalkyl, substituted with one or more C4-C4 alkyls, or C4-C4 alkoxys;
phenyl; phenyl substituted with one or more C4-C; alkyls, or C4-C4 alkoxys
or with one or more halogen atoms; phenylalkyl, the aliphatic portion of
which containing 1 to 6 carbon atoms.

[0104] It is also possible to cite malonitrile and malodinitrile type anions

containing a R¥-0O0C-HC ~(R?®)-CN or NC-HC —~CN group respectively, in

which R? and R?® have the meanings given above.

[0105] It is also possible to use nitrile type compounds containing a

R2.CN group, wherein R has any nature and particularly has the

meanings given for R' in formula (la) and may also represent a metallic

cation, preferably an alkali cation, more preferably lithium, sodium or
potassium.

[0106] Examples of nitrites that can be mentioned are acetonitrile,

cyanobenzene, optionally carrying one or more substituents on the benzene

ring, or ethanal cyanhydrine CHsCH(OH)CN.

[0107] It is also possible to use acetylenide type compounds in the

process of the invention, which may represented by the formula (ls):

29 —_—
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in which formula R?® is of any nature and particularly has the meanings given
for R" in formula (la); the counter-ion is a metal cation, preferably sodium or
potassium.
[0108] Particular examples that can be cited are sodium or potassium
acetylide or diacetylide.
[0109]  Other classes of nucleophilic compounds that can be employed in
the process of the invention are profene type compouhds and their
derivatives represented by the following formula:

R¥-HC~-COO-R* (1)
in which formula:
- R% has the meanings given for R1 in formula (la); and
- R* represents alkyl containing 1 to 12 atoms, preferably 1 to 4 atoms.
[0110]  Preferred compounds are those with formula (It) in which R*
represents alkyl containing 1 to 12 carbon atoms, cycloalkyl containing 5 or 6
carbon atoms and aryl containing 6 or 12 carbon atoms or a nitrogen-
containing heterocycle containing 5 or 6 atoms.
[0111]  Nucleophilic compounds that can also be mentioned are those
comprising a carbanion, the counter-ion of which is a metal and which have

the following formulae:

32 B 132 N
(T hw (rla'”)W (T hw
-~ - v+
Rsz“"? My RE-CT TMy7X, Raz’“T M;
w32 432 132
R R B R |,

(lug) (luy) (lug)
in which:
- R*represents:
» alkyl containing 1 to 12 carbon atoms;
« cycloalkyl containing 5 or 6 carbon atoms;
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» cycloalkyl containing 5 or 6 carbon atoms, substituted with one or more
alkyl radicals containing 1 to 4 carbon atoms or alkoxy radicals
containing 1 or 4 carbon atoms;

« phenylalkyl, the aliphatic portion of which containing 1 to 6 carbon
atoms;

* phenyl;

« phenyl substituted with one or more alkyl radicals containing 1 to 4
carbon atoms or alkoxy radicals containing 1 to 4 carbon atoms or with
one or more halogen atoms; or

« a saturated, unsaturated or aromatic heterocyclic group, preferably
comprising 5 or 6 atoms, the heteroatom being sulfur, oxygen or
nitrogen;

- R%and R"® represent hydrogen or a group such as R%;

- two of groups R%, R™ and R"*? may be connected together to form a
carbocycle or a saturated, unsaturated or aromatic heterocycle preferably
containing 5 or 6 carbon atoms;

- M, represents a metallic element from group (IA) of the periodic table;

- Ms represents a metallic element from groups (I1A) and (lIB) of the
periodic table;

- X1 represents chlorine or bromine;

- v is the valency of metal Ms; and

- wisOor1.
[0112] In the present specification, reference is made to the periodic table

published in “Bulletin de la Société Chimique de France”, no. 1 (1966).

[0113] Preferred compounds with formula (lus) to (lus) include those in
which the metals are lithium, sodium, magnesium or zinc and X; represents
chlorine.

[0114]  According to an advantageous feature, R*, R* and R"*
represent C4-C4 alkyl, cyclohexyl or phenyl; or said groups may form a
benzene or pyridine or thiophene cycle.

[0115] As examples, menton may be made of n-butyllithium,
t-butyllithium, phenyllithium, methyl- or ethyl- or phenyl-magnesium bromide
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or chloride, diphenylmagnesium, dimethyl- or diethyl-zinc, cyclo-
pentadienezinc, and ethyl zinc chloride or bromide.
[0116]  Still other nucleophilic compounds that can be used in the process
of the present invention include boronic acids or their derivatives, more
particularly those with the following formula (Iv):
. o-T
R ——B\ )
o—T (Iv)
in which:
- R® represents a monocyclic or polycyclic, aromatic, carbocyclic or
heterocyclic group;
- T' and T? which may be identical or different, represent hydrogen,
linear or branched, saturated or unsaturated aliphatic group containing from 1
to 20 carbon atoms, or a R*® group.
[0117]  More precisely, the boronic acid or derivative has formula (lv) in
which R®® represents an aromatic carbocyclic or heterocylic group. R*® can
have the meanings given above for D in formula (Im4). However, R* more
particularly represents a carbocyclic group such as a phenyl, naphthyl or
heterocyclic group such as a pyrrolyl, pyridyl, pyrimidyl, pyridazinyl, pyrazinyl,
1,3-thiazolyl, 1,3,4-thiadiazolyl or thienyl.
[0118] The aromatic cycle can also be substituted. The number of
substituents is generally at most 4 per cycle, but usually it is 1 or 2.
Reference should be made to the definition of R* in formula (Ik) for
examples of substituents.
[0119] Preferred substituents are alkyl or alkoxy groups containing 1 to 4
carbon atoms, amino, nitro, cyano, halogen or trifluoromethyl. ‘
[0120] T'and T? which may be identical or different, more particularly
represent hydrogen, or a linear or branched acyclic aliphatic group containing
from 1 to 20 carbon atoms which may be saturated or contain one or more
unsaturated bonds (i.e. double and/or triple bond(s)) in the chain, preferably
1 to 3 unsaturated bonds, preferably simple or conjugated double bonds.
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(01211  T'and T? preferably represent an alky! group containing from 1 to
10 carbon atoms, preferably 1 to 4, or an alkenyl group containing from 2 to
10 carbon atoms, preferably vinyl or 1-methylvinyl.

[0122]  Additionally, T' and T? can have the meanings given for Ryg; in
barticular, any cycle can also carry a substituent as described above.

[0123]  Preferably, R* represents a phenyl group.

[0124] The scope of the present invention encompasses derivatives of
boronic acids such as anhydrides and esters, more particularly alkyl esters
containing 1 to 4 carbon atoms. )
[0125]  Particular examples of arylboronic acids that can be cited are:
benzeneboronic acid, 2-thiopheneboronic acid; 3-thiopheneboronic acid;
4-methylbenzeneboronic acid, 3-methylthiophene-2-boronic acid, 3-amino-
benzeneboronic acid, 3-aminobenzeneboronic acid hemisulfate, 3-fluoro-
benzeneboronic acid, 4-fluorobenzeneboronic acid, 2-formylbenzeneboronic
acid, 3-formylbenzeneboronic acid, 4-formylbenzeneboronic acid, 2-methoxy-
benzeneboronic acid, 3-methoxybenzeneboronic acid, 4-methoxybenzene-
boronic acid, 4-chlorobenzeneboronic acid, 5-chlorothiophene-2-boronic acid,
benzo[b]furan-2-boronic acid, 4-carboxybenzeneboronic acid, 2,4,6-trimethyl-
benzeneboronic acid, 3-nitrobenzeneboronic acid, 4-(methylthio)benzene-
boronic acid, 1-naphthaleneboronic acid, 2-naphthaleneboronic acid,
2-methoxy-1-naphthaleneboronic acid, 3-chloro-4-fluorobenzeneboronic acid,
3-acetamidobenzeneboronic acid, 3-trifluoromethylbenzeneboronic . acid,
4-trifluoromethylbenzeneboronic  acid, 2.4-dichlorobenzeneboronic  acid,
3,5-dichlorobenzeneboronic  acid, 3,5-bis-(trifluoromethyl)benzeneboronic
acid, 4,4'-biphenyldiboronic acid, and esters and anhydrides of said acids.
[0126]  The present text provides lists of nucleophilic compounds that are
in no way limiting and any type of nucleophilic compound can be envisaged.
[0127]  As stated above and in accordance with the process of the present
invention, a -C-C or -C-HE- (wherein HE is O, S, P, N, 8i, B, and the like)
bond can be created by reacting a nucleophilic compound, such as those
described herein before, with a compound carrying a leaving group, typically
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a compound comprising one unsaturated bond in the position a to a leaving

group.

[0128] More precisely, the compound carrying a leaving group is

represented by general formula (I1):

Y-R? ()

in which formula R® represents a hydrocarbon group containing from 2 to 20

carbon atoms and optionally has at least one unsaturation (a double or a

triple bond) in the position a to a leaving group Y, or represent's a monocyclic

or polycyclic, aromatic, carbocyclic and/or heterocyclic group.

[0129] In accordance with the process of the invention, the compound of

formula (1) is reacted with a compound of formula (1l) in which:

- RO represents an aliphatic hydrocarbon group optionally containing at
least one double bond and/or one triple bond in the position a to the
leaving group or a cyclic hydrocarbon group containing an unsaturated
bond carrying a leaving group; or

- R° represents a monocyclic or polycyclic, aromatic, carbocyclic and/or
heterocyclic group;

- Y represents a leaving group, preferably halogen or a sulfonic ester group
of formula -OS0,-R¢, in which R® is a hydrocarbon group.

[0130] The compound of formula (II)- will henceforth be designated as the
"compound carrying a leaving group".
[0131]  In the formula for the sulfonic ester group, R® is a hydrocarbon
group of any nature. However, given that Y is a leaving group, it is
advantageous from an economic viewpoint for R® to be simple in nature, and
more particularly to represent a linear or branched alkyl group containing
from 1 to 4 carbon atoms, preferably methyl or ethyl, but it can also represent
pheny! or tolyl or trifluoromethyl, for example.

[0132] Preferred group Y is a triflate group, which corresponds to a group

R® representing trifluoromethyl.

[0133]  Bromine or chlorine atoms constitute preferred leaving groups.

[0134] More particularly, compounds of formula (Il) used in accordance

with the process of the present invention can be classified into three groups:
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(1) aliphatic type compounds, carrying a double bond which can be
represented by formula (lla):
R v

R R (la)
in which formula (lla):

5 - R* R¥ and R% which may be identical or different, represent
hydrogen or a hydrocarbon group containing 1 to 20 carbon atoms,
which can be a linear or branched, saturated or unsaturated aliphatic
group; a monocyclic or polycyclic, saturated, unsaturated or aromatic
carbocyclic or heterocyclic group; or a concatenation of aliphatic and/or

10 carbocyclic and/or heterocyclic groups as defined above;

- Y represents the leaving group, as defined above;
(2) aliphatic type compounds, carrying a triple bond which can be
represented by formula (llb):

RE—C=C—Y  (p
15 in which formula (lib):
R* has the same definition as the one given for formula (lla); and

- Y represents the leaving group, as defined above;

(3) aromatic type compounds, hereinafter designated as "haloaromatic

compound" and which can be represented by formula (llc):
20 E (llc)
in which formula (llc):

- E represents the residue of a cycle forming all or a portion of a
monocyclic or polycyclic, aromatic, carbocyclic and/or heterocyclic
system;

25 - RY, which may be identical or different, represents substituents on the
cycle;

- Y represents a leaving group as defined above; and
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n" represents the number of substituents on the cycle.
[0135] The invention is applicable to unsaturated compounds of formula
(lla) or of formula (llb) in which R® preferably represents a saturated linear
or branched acyclic aliphatic group, preferably containing from 1 to 12 carbon
atoms.
[0136] The invention does not exclude the presence of a further
unsaturated bond on the hydrocarbon chain, such as a triple bond or one or
more double bonds, which may or may not be conjugated. '
[0137] The hydrocarbon chain can optionally be interrupted with a
heteroatom (for example oxygen or sulfur) or by a functional group, provided
that it does not react; in particular, a group such as -CO- can be cited.
[0138] The hydrocarbon chain can optionally carry one or more
substituents provided that they do not react under the reaction conditions;
particular mention can be made of halogen, nitrile or trifluoromethyl.
[0139] The linear or branched, saturated or unsaturated acyclic aliphatic
group can optionally carry a cyclic substituent. The term "cycle" means a
saturated, unsaturated or aromatic, carbocyclic or heterocyclic cycle.
[0140] The acyclic aliphatic group can be connected to the cycle via a
covalent bond, a heteroatom or a functional group such as oxy, carbonyl,
carboxy, sulfonyl, and the like.
[0141] Examples of cyclic substituents that may be mentioned are
cycloaliphatic, aromatic or heterocyclic substituents, in particular
cycloaliphatic containing 6 carbon atoms in the cycle, or benzenic
substituents, said cyclic substituents themselves optionally carrying any
substituent provided that these do not interfere with the reactions occurring in
the process of the invention. Particular mention can be made of alkyl or
alkoxy groups containing from 1 to 4 carbon atoms.
[0142] More particular examples of aliphatic groups carrying a cyclic
substituent are aralkyl groups containing 7 to 12 carbon atoms, in particular
benzy! or phenylethyl.
[0143]  In formulae (Ila) and/or (Ilb), R* can also represent a carbocyclic
group that may or may not be saturated, preferably containing 5 or 6 carbon
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atoms in the cycle, preferably cyclohexyl; a heterocyclic group, which may or
may not be saturated, in particular containing 5 or 6 carbon atoms in the
cycle 1 or 2 of which are heteroatoms such as nitrogen, sulfur or oxygen; a
monocyclic aromatic carbocyclic group, preferably phenyl, or a polycyclic
aromatic carbocyclic group, which may or may not be condensed, preferably
naphthyl.

[0144] Regarding R® and R¥, they preferably represent hydrogen or alkyl
containing from 1 to 12 carbon atoms, or phenyl or aralkyl group containing
from 7 to 12 carbon atoms, preferably benzyl.

[0145]  In formulae (Ila) and/or (Iib), R*, R* and R* more particularly
represent hydrogen or else R* represents phenyl and R* and R* represent
hydrogen.

[0146] It should be noted that R* and R* may also represent a functional
group, provided that it does not interfere within the coupling reaction. As
examples, mention may be made of functional groups such as amido, ester,
ether, cyano.

[0147] Examples of compounds of formulae (lla) and (llb) include vinyl
chloride or bromide, B-bromo- or B-chloro-styrene, or bromoalkyne or
iodoalkyne.

[0148] The invention is of particular application to haloaromatic
compounds of formula (llc) in which E is the residue of a cyclic compound,
preferably containing at least 4 carbon atoms in its cycle, preferably 5 or 6,
optionally substituted, and representing at least one of the following cycles:

« a monocyclic or polycyclic aromatic carbocycle, i.e., a compound
constituted by at least 2 aromatic carbocydes and between them
forming ortho- or ortho- and peri-condensed systems, or a compound
constituted by at least 2 carbocycles, only one of which is aromatic and
between them forming ortho- or ortho- and peri-condensed systems;

» a monocyclic aromatic heterocycle containing at least one of
heteroatoms P, O, N or S or a polycyclic aromatic heterocycle, i.e., a
compound constituted by at least 2 heterocycles containing at least one
heteroatom in each cycle wherein at least one of the two cycles is
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aromatic and between them forming ortho- or ortho- and peri-
condensed systems, or a compound constituted by at least one
carbocycle and at least one heterocycle at least one of the cycles being
aromatic and forming between them ortho- or ortho- and peri-
condensed systems.,
[0149] More particularly, optionally substituted residue E preferably
represents the residue of an aromatic carbocycle such as benzene, an
aromatic bicycle containing two aromatic carbocycles such as naphthalene;
or a partially aromatic bicycle containing two carbocycles one of which is
aromatic, such as tetrahydro-1,2,3,4-naphthalene.
[0150] The invention also envisages the fact that E can represent the
residue of a heterocycle provided that it is more electrophilic than compound
of formula (Ik).
[0151]  Particular examples that can be cited are aromatic heterocycle
such as furan or pyridine; aromatic bicycle comprising an aromatic
carbocycle and an aromatic heterocycle such as benzofuran or
benzopyridine; partially aromatic bicycle comprising an aromatic carbocycle
and a heterocycle such as methylenedioxybenzene; aromatic bicycle
comprising two aromatic heterocycles such as 1,8-naphthylpyridine; partiaily
aromatic bicycle comprising a carbocycle and an aromatic heterocycle such
as 5,6,7,8-tetrahydroquinoline.
[0152] In the process of the invention, a haloaromatic compound of
formula (lic) is preferably used, in which E represents an aromatic nucleus,
preferably benzene or naphthalene.
[0153] The aromatic compound of formula (lic) can carry one or more
substituents.
[0154] In the present specification, the term "one or more" generally
means less than 4 substituents R¥ on the aromatic nucleus. Reference
should be made to the definitions of R%, in formula (Ik) for various examples
of substituents.
[0155] R¥ may also represent a saturated, unsaturated or aromatic
heterocycle comprising 5 or 6 atoms and comprising sulfur, oxygen or
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nitrogen as the heteroatom. Pyrazolyl or imidazolyl groups can be typically
cited in this respect.

[0156] Informula (llc), n"is 0, 1, 2, 3 or 4, preferably 1 or 2.

[0157] Examples of compounds of formula (llc) include p-chlorotoluene,
p-bromoanisole and p-bromotrifluorobenzene.

[01568]  The quantity of compound carrying a leaving group of formula (In,
preferably of either formula (lla), (Ib) or (llc), is generally expressed with
respect to the quantity of nucleophilic compound and may vary in great
proportions, advantageously is close to stoichiometry. The ratio between the
number of moles of compound carrying a leaving group and the number of
moles of nucleophilic compound is usually in the range 0.1 to 2.0, preferably
in the range 0.5 and 1.5, more preferably in the range 0.8 and 1.2, for
example in the range 0.9 and 1.1.

[0159] In one embodiment the compound carrying a leaving group is of

formula 11(d): R
0

(Ild)

In which:
- Ro" is an halogen,
- Ro' represent a nitro, nitrile, O-aryl, halogen, alkyl, acety! or alkoxy

group

[0160] In accordance with the process of the invention, the nucleophilic
compound, preferably of formulae (la) to (lv), is reacted with a compound
carrying a leaving group, preferably of formula (1), more preferably of formula
(lla), (Ilb), (llc) or 1I(d) in the presence of an effective quantity of a single
metal catalytic system.

[0161] lron-based catalysts to be used in the present invention are known

compounds.
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[0162] As examples of iron-based catalysts useful in the present
invention, mention may be made of, among others, metallic iron, oxides of
iron(ll) or iron{lll), hydroxides of iron(ll) or iron(lll), organic or inorganic salts
of iron(ll) or iron(lil) and iron(ll) or iron(lll) complexes with common usual
ligands.

[0163] Preferred examples of iron-based catalysts include, but are not
limited to, iron(0), As examples of iron-based catalysts useful in the present
invention, mention may be made of, among others, iron(0), iron halides (ex:
iron(ll) iodide, iron(ll) bromide, iron(lll) bromide, iron(ll) chloride, iron(l11)
chloride, iron(ll) fluoride, iron(ll) fluoride), iron oxides or hydroxides (ex:
iron(ll) oxide, iron(lll) oxide, iron(lil) hydroxide), iron nitrates (ex: iron(ll)
nitrate, iron(lll) nitrate), iron sulfates, sulfides or sulfites (ex: iron(ll) sulfate,
iron(ill) sulfate, iron(ll) sulfite, iron sulfide, iron disulfide), iron phosphates (ex:
iron(lll) phosphate), iron perchlorates (ex: iron(lll) perchlorate) or iron organic
salts in which the counter anion involves at least one carbon atom (ex: iron(ll)
acetate, iron(lll) acetate, iron(lll) trifluoromethylsulfonate, iron(il) methylate,
iron(lil) methylate, iron(lll) acetylacetonate).

[0164] - Mixtures of two or more iron-based catalysts may also be used.
Preferred iron-based catalysts are organic or inorganic salts of iron(lll), more
preferably iron(lll) chloride, iron(lll) acetate, iron(lll) acetylacetonate
[Fe(acac)s].

[0165]  Similarly, copper-based catalysts are known compounds and are
effective in the process of the invention, when used in association with the
above-mentioned iron-based catalyst.

[0166] Examples of copper-based catalysts, mention may be made of,
among others, metallic copper, oxides of copper(l) or copper(ll), hydroxides
of copper(l) or copper(ll), organic or inorganic salts of copper(l) or copper(ll)
and copper(l) or copper(ll) complexes with common usual ligands.

[0167] Preferred examples of copper-based catalysts include, but are not
limited to, copper(0), copper halides (ex: copper(l) iodide, copper(l) bromide,
copper(ll) bromide, copper(l) chloride, copper(ll) chloride), copper oxides or
hydroxides (ex: copper(l) oxide, copper(ll) oxide, copper(ll) hydroxide),
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copper nitrates (ex: copper(l) nitrate, copper(ll) nitrate), copper sulfates or
sulfites (ex: copper(l) sulfate, copper(ll) sulfate, copper(l) sulfite), copper
organic salts in which the counter anion involves at least one carbon atom
(ex: copper(ll) carbonate, copper(l) acetate, copper(ll) acetate, copper(ll)
trifluoromethylsulfonate, copper(l) methylate, copper(ll) methy]ate, copper(ll)
acetylacetonate).

[0168] Preferred copper-based catalysts are copper(0) (Cu), copper(l)
iodide (Cul), copper(ll) oxide (CuO), copper(ll) acetylacetonate [Cu(acac),],
Cul + Cu(acac),.

[0169] In one embodiment, the catalytic system is chosen from among
copper (1) bromide, copper (1) iodide, iron (l1l) chloride or iron (lI) chloride.
[0170] The amount of metal catalyst involved in the process of the
present invention, expressed as the molar ratio between (number of moles of
metal) and the number of moles of the nucleophilic compound, is generally in
the range 0.001 to 0.5, preferably 0.01 o 0.1.

[0171] The amount of ligand involved in the process of the present
invention, expressed as the molar ratio between (number of moles of ligand)
and the number of moles of the nucleophilic compound, is generally in the
range 0.05 to 1, preferably 0.1 to 0.5.

[0172] A base, the function of which is to trap the leaving group, is also
used in the process of the invention.

[0173] Bases suitable for the process according to the invention may be
characterized by their pKa greater than about 2, preferably in the range of 4
o 30. |

[0174] The pKa is defined as the ionic dissociation constant of the
acid/base pair when water is used as the solvent. Reference should be
made, infer alia, to the "Handbook of Chemistry and Physics”, 66™ edition,
p. D-161 and D-162, in order to select a base with a suitable pKa.

[0175]  Suitable bases that can be cited include mineral bases such as
alkali metal carbonates, bicarbonates, phosphates or hydroxides, preferably
of sodium, potassium, caesium or alkaline-earth metals, preferably calcium,

barium or magnesium.
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[0176] It is also possible to use alkali metal hydrides, preferably sodium
hydride or alkali metal alcoholates, preferably of sodium or potassium, more
preferably sodium methylate, ethylate or tertiobutylate.

[0177] It is also possible to use organic bases such as tertiary amines,
more particularly triethylamine, tri-n-propylamine, tri-n-butylamine, methyl
dibutylamine, methyl dicyclohexylamine, ethyl diisopropylamine, N,N-diethyl
cyclohexylamine, pyridine, dimethylamino-4-pyridine, N-methyl piperidine,
N-ethyl piperidine, N-n-butyl piperidine, 1,2-methylpiperidine, N-methyl
pyrrolidine and 1,2-dimethyl pyrrolidine.

[0178]  Preferred bases are alkali metal carbonates.

[0179] More particularly the base is cesium carbonate.

[0180] The quantity of base employed is such that the ratio between the
number of moles of base and the number of moles of nucleophilic compound
carrying the leaving group is preferably in the range 0,1 to 4.

[0181] Where the compound carrying the leaving group may appear not
to be reactive enough, it may be useful to add to the reaction mixture an

iodide compound, for example of formula MI, wherein M is an alkali metal or

‘an earth-alkali metal, preferably chosen from among lithium, sodium or

potassium, preferably Nal is used. The amount of iodide compound that may
be used in the reaction may vary in great proportions and is generally equal
to, or about the same as, half the amount of compound carrying the leaving
group, expressed in moles.

[0182] The use of said iodide compound is for example useful,
advantageously where the compound carrying the leaving group is an aryl
bromide, in order to enable the reaction to occur and/or to enable the
reaction to be run at lower temperatures and/or improve the yield of the
reaction.

[0183] The process of the invention is usually carried out in the presence
of an organic solvent or mixtures of organic solvents, Convenient solvents

are those that do not react under the reaction conditions.
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[0184]  Preferably, the solvents to be used in the process of the present

invention are polar organic solvents, more preferably aprotic polar organic

solvents.

[0185]  Solvents that may be used in the process of the present.invention

are, as non limiting examples, chosen from among: |

- linear or cyclic carboxamides, such as N,N-dimethylacetamide (DMAGC),
N,N-diethylacetamide, dimethylformamide (DMF), diethylformamide or
1-methyl-2-pyrrolidinone (NMP);

- dimethylsulfoxide (DMSO);

- hexamethylphosphotriamide (HMPT);

- tetramethyurea;

- nitro compounds such as nitromethane, nitroethane, 1-nitropropane, 2-
nitropropane or mixtures thereof, and nitrobenzene;

- aliphatic or aromatic nitriles such as acetonitrile, propionitrile, butanenitrile,
isobutanenitrile, pentanenitrile, 2-methylglutaronitrile or adiponitrile;

- tetramethylene sulfone (sulfolane);

- organic carbonates such as dimethylcarbonate, diisopropylcarbonate or di-
n-butylcarbonate;

- alkyl esters such as ethyl or isopropyl acetate;

- halogenated or non halogenated aromatic hydrocarbons such as
chlorobenzene or toluene;

- ketones, such as acetone, methylethylketone, methylisobutylketone,
cyclopentanone, cyclohexanone;

- nitrogen-containing heterocycles such as pyridine, picoline and quinolines.

[0186] As stated above, it is also possible to use a mixture of solvents.

Preferred solvents are carboxamides, such as DMF, acetonitrile, DMSO,

NMP, DMAC.

[0187] The quantity of organic solvent to be used is depending on the

nature of the selected organic solvent. Said quantity is determined so that the

concentration of the compound carrying a leaving group in the organic

solvent is preferably in the range 5% to 40% by weight.
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[0188]  According to an embodiment, the nucleophilic compound and/or
the compound carrying the leaving group may be used as solvent(s) of the
reaction.

[0189]  The formation of the C-C or C-HE bond according to the process
of the invention is generally conducted at a temperature that is
advantageously in the range 0° C to 200° C, preferably in the range 20° C to
170° C, more preferably in the range 25° C to 140° C.

[0190] The reaction is generally carried out at atmospheric pressure, but
may also be run at higher pressures of up to 10 bars, for example.

[0191] In practice, the reaction is simple to carry out.

[0192]  The order of introducing the reagents in the reaction medium is not
critical. Usually, the catalytic system, the nucleophilic compound, preferably
of formulae (la) to (lv), the base, the compound carrying a leaving group,
preferably of formula (I1), more preferably of formula (lla), (Ilb), (lic) or (ld),
optionally the iodide compound and the organic solvent, are charged. The
reaction medium is then heated to the desired temperature.,

[0193] The progress of the reaction is monitored by following the
disappearance of the compound carrying a leaving group. At the end of the
reaction, a product of the type R-Q-R? is obtained, wherein R, Q and R? are
as previously described.

[0194] The obtained compound is recovered using conventional
techniques, in particular by crystallization from an organic solvent.

[0195] More specific examples of organic solvents that can be used for
the crystallization step are aliphatic or aromatic, halogenated or non
halogenated hydrocarbons, carboxamides and nitriles. Particular mention can

be made of cyclohexane, toluene, dimethylformamide and acetonitrile.

[0196]  Examples of the invention will now be given. These examples are

given by way of illustration and are not limiting in nature.
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[0197] General Procedure with a copper catalyst
After standard cycles of evacuation and backiling with dry and pure
nitrogen, an oven-dried Radley tube (Carousel “reaction stations RR98030")
equipped with a magnetic stirring bar is charged with CuBr (0.1 eq.), 3,5-
dimethylphenol (183 mg, 1.0 mmol), Cs2COs (2.5 eq.) and the aryl halide
(1.5 eq.), if a solid. The tube is evacuated, back-filled with nitrogen. If a liquid,
the aryl reagent is added under a stream of nitrogen by syringe at room
temperature, and 2.2.6,6-tetramethyl-3,5-heptanedione (0.8 eq.) is added,
followed by anhydrous and degassed DMF (2.0 mL). The tube is sealed
under a positive pressure of nitrogen, stirred and heated to 135 °C for 36h.
After cooling to room temperature, the mixture is diluted with
dichloromethane (~ 20 mL) and filtered through a piug of celite®, the filter
cake being further washed with dichloromethane (~ 5 mL). The filtrate is
washed twice with water (~ 10 mL x 2). Gathered aqueous phases are twice
extracted with dichloromethane (~ 10 mL). Organic layers are gathered, dried
over Na,SOy, filtered and concentrated in vacuo to yield the crude product
which is then purified by silica gel chromatography with -an eluent of
cyclohexane and dichloromethane.

Various substrates and nucleophiles have been studied; the resuits are

presented in the following table.
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Substrates Nucleophiles Yields(%)
chloro benzene Phenol 81
chloro benzene 3,5-dimethyl phenol 82
chloro benzene 4-methyl phenol 80
chloro benzene 4-methoxy phenol 91
chloro benzene 4-tert-butyl phenol 87
chloro benzene 4-fluoro phenol - 40
4-chloro anisole 3,5-dimethyl phenol 81
4-chloro anisole 4-methyi phenol 53
4-chloro toluene 3,5-dimethy! phenol 91
4-chloro toluene 4-methoxy phenol 99
4- chloro nitro benzene 3,5-dimethyl phenol . 88
4- chloro nitrile benzene 3,5-dimethyl phenol 90
4- chloro acetyl i
3,5-dimethyl phenol 95
benzene
[0198] General Procedure with a Fe catalyst

After standard cycles of evacuation and back-filling with dry and pure
nitrogen, an oven-dried Radley tube (Carousel “reaction stations RR98030")
equipped with a magnetic stirring bar is charged with FeCl; (0.1 eq.), 3,5~
dimethylphenol (183 mg, 1.0 mmol), Cs,COs (2.5 eq.) and the aryl halide
(1.5 eq.), if a solid. The tube is evacuated, back-filled with nitrogen. If a liquid,
the aryl reagent is added under a stream of nitrogen by syringe at room
temperature, and 2,2,6,6-tetramethyl-3,5-heptanedione (0.8 eq.) is added,
followed by anhydrous and degassed DMF (2.0 mL). The tube is sealed
under a positive pressure of nitrogen, stirred and heated to 135 °C for 24h.
After cooling to room temperature, the mixture is diluted with
dichloromethane (~ 20 mL) and filtered through a plug of celite®, the filter
cake being further washed with dichloromethane (~ 5 mL). The filtrate is
washed twice with water (~ 10 mL x 2). Gathered aqueous phases are twice
extracted with dichloromethane (~ 10 mL). Organic layers are gathered, dried
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over Na,SQ;,, filtered and concéntrated in vacuo to yield the crude product
which is then purified by silica gel chromatography with an eluent of
cyclohexane and dichloromethane.

Various substrates and nucleophiles have been studied; the results are

presented in the following table.

Substrates Nucleophiles Yields(%)

iodo benzene Phenol 85
iodo benzene 3,5-dimethyl phenol 91
iodo benzene 4-fluoro phenol 80
4-iodo anisole 3,5-dimethyl phenol 81
4-jodo toluene 3,5-dimethyl phenol 81
4-iodo nitro benzene 3,5-dimethyl phenol 91
4- jodo nitrile benzene 3,5-dimethyl phenol . 80
4-iodo acetyl benzene 3,5-dimethyl phenol 89

Bromobenzene 3,5-dimethyl phenol 18 (20h)

[0199]  Synthesis of 1-(4-(4-tert-butylphenoxy)phenoxy)-3,5-
dimethylbenzene

Following the general procedure (135°C, 24 hours), 4-tert-butylphenol (1.5
mmol) was coupled with 4-chloroiodobenzene (1.5 mmol). Then 0.1 eq.
CuBr, 0.8 eq. Ligand 2,2,6,6-tetramethyl-3,5-heptanedione, 2.5eq. Cs2C03
and 1.5 mmol 3, 5-dimethylphenol were added under N2, and reaction was
sealed and heated at 140°C for 36 hours. The crude brown oil was purified
by flash chromatography on silica gel (eluent: cyclohexane) to provide 80 %

yield of the desired product as an oil.
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a) b
- [Fe] o—( p-or | 1 )
om0 N
1 éq. / intermédiaire non isolé \

& T oo

1eq. 80 % (isolé)
a) FeClg / Ligand / Cs,CO5 / DMF b) CuBr/ Ligand / Cs,COg / DMF
135°C, 24 h 140°C, 36 h

5 [0200] General Procedure with a Fe catalyst
After standard cycles of evacuation and back-filling with dry and pure
nitrogen, an oven-dried Radley tube (Carousel “reaction stationsRR98030")
equipped with a magnetic stirring bar was charged with FeCl, (12.6 mg, 0.1
mmol), cesium carbonate ( 651 mg, 2 mmol) then the tube was evacuated
10 and back-filled with nitrogen. Under a stream of nitrogen at room temperature
2,2,6,6-tetramethyl-3,5-heptadione (0.125 mL, 0.6 mmol), iodobenzene (0.17
mL, 1.5 mmol), benzophenone imine (0.168 mL, 1 mmol) and followed by
anhydrous and degassed DMF (2 mL).
The tube was sealed under a positive pressure of nitrogen, and stirred and
15 heated at 140 °C for 20 hours.

e After cooling to room temperature, the mixture was diluted with
dichloromethane (~20 mL) and filtered through a plug of Celite. The
organic layers were concentrated in vacuo to yield a brown oil. The

20 crude product obtained was purified by silica gel chromatography with
hexanes and ethyl acetate as eluent (1/1). ’
The corresponding coupling product was obtained in 30 % yield.
Then acidic hydrolysis of the imine product was performed under

classical conditions to obtain  aniline in 30 % yield. [1]
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« Another alternative to obtain the aniline compound is to deprotect the
imine adduct without any purification silica gel chromatography, as
followed :

After cooling to room temperature, the mixture was diluted with
5 dichloromethane (~20 mL) and filtered through a plug of Celite. The
organic layers were concentrated in vacuo to yield a brown oil.
Then acidic hydrolysis of the imine intermediate product was performed
under classical conditions to obtain aniline in 30 % yield. [S.L.Buchwald et
al., Tetrahedron Lett., 1997, 38, 6367]

10

' NH FeCl, 10% NH
RET A e 10% W N-< RIS
Z PN Ph Cs,004 2 eq.
DMF, 140 °C, 20h

The same protocol is realized with iodobenzene and 2,2-dimethyl
propionamide (0.117g, 1mmol). Aniline is obtained in 30 % yield.

OO

FeCl, 10% NH
N ] . 0 eCl, 10% 60% . vaL ___» RO/ 2
RT/ HQNH/ Cs,C05 2 €4,

DMF 140 °C, 20h

15
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CLAIMS

5 1. A process for creating a Carbon-Carbon bond (C-C) or a Carbon-
Heteroatom bond (C-HE) by reacting a compound carrying a leaving group
with a nucleophilic compound carrying a carbon atom or a heteroatom (HE)
that can substitute for the leaving group, creating a C-C or C-HE bond,
wherein the reaction takes place in the presence of an effective quantity of a.

10 a catalytic system comprising a ligand and at least a metal-based catalyst,
such a metal catalyst being chosen among iron or copper compounds

proviso that only a single metal is present.

2, The process according to claim 1, wherein the ligand is chosen

15 among the compound of formula |

I
R' and R", /ﬁ(\M/ﬁ(\ which may be identical or different,
represent a R n R hydrogen atom or a C1-C20 hydrocarbon
group, which ;‘:?&3: o,N,s may be a saturated or unsaturated
20 acyclic linear or branched aliphatic group; a saturated, unsaturated or
aromatic, monocyclic or polycyclic carbocyclic or heterocyclic group; or a
concatenation of said groups; and at most one of the groups R’ and R”

represents hydrogen.

25 3. The process according to anyone of claims 1 to 2 wherein the ligand
is of diketone type and R’ and R” may be identical or different, represent a

C1-C20 hydrocarbon group linear or branched.

4. The process according to anyone of claims 1 to 3, wherein said
30 compound carrying a leaving group is a compound with at least one
unsaturation (a double or a triple bond) in the position a position to said

leaving group.
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5. The process according to anyone of claim 1 to 4, wherein said
compound carrying a leaving group is an aromatic compound carrying a

leaving group.

6. The process according to anyone of claims 1 to 5, wherein the
nucleophilic compound is an organic hydrocarbon compound that may be
acyclic or cyclic or polycyclic and comprises at least one atom carrying a free
electron pair, which may or may not carry a charge, preferably a nitrogen,
10 oxygen, sulfur, boron or phosphorus atom, or comprises a carbon atom that

may donate its electron pair.

7. The process according to anyone of claims 1 to 6, wherein the

nucleophilic compound comprises at least one of the following atoms or

15 groups:
\N,‘H \N~ \N \ \N - \C—N y
/ ' / ' / H ' / ' / - ,
/ / \
—N—N=C . N—N=C —~—N—C=N— N—C=N—
H \ ’ ' H I ) / I )
AN AN
\
C=N—0OH ; N—OH ; —N—-O0— ; —N—C— ; N—C— ;
H H |l /1
O 0
N—C o] X \N——(ll-—C——O—- —N—N—C— \N—~N-C—-
' Il ’ H I ’ I '
T /T | A
\ \ VA ?
N=N=C=0— ; N-N—CG—-O0— ; —sS—N ; —§-N ;
20 H O O O O
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C— ;—C—C00— ;: —00C—C—C00— ; —NC—C—CN— ;
| |

—00C—C—CN— ; —N=C— ; N=C’ © Ny

N(CN)2™; P(CN)z"; C(CN)s"; C(CN).NO™; NCO™; NCS™; NSO"; CNO";
- \

NEc— ; —C=C ; —P-NT— ; —P-NT
/ /
\ \ - N\ /
—_P ) P ’ _C——'B
/ / 0\
8. The process according to anyone of claims 1 to 7, wherein the
nucleophilic compound is a nitrogen-containing compound.
9. The process according to anyone of claims 1 to 7 wherein the
nucleophilic compound is a hydroxy-containing compound.
10. The process according to claim 9 wherein the nucleophilic compound

is a phenol, substituted or not, polysubstituted or not in any position, with

alkyl linear or branched, hydroxyl and halogen.

1. The process according to anyone of claims 1 to 8, wherein the
nucleophilic compound is chosen from among primary or secondary amines;
hydrazine or hydrazone derivatives; amides; sulfonamides; urea derivatives
or heterocyclic derivatives, preferably nitrogen-containing and/or sulfur-

containing.

12. The process according to anyone of claims 1 to 8, wherein the

nucleophilic compound is of formula (lb):
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R\
c=N—H
R
(Ib)

in which:
R® and R*, which may be identical or different, have the meanings given for

R' and R? in formula (la), and at most one of the groups R® and R*

5 represents hydrogen.

13.  The process according to claim 13 wherein R® and R* are aromatic.

14. The process according to anyone of claims 1 to 8, wherein the
10 nucleophilic compound is an oxime of formula (Ic) or a hydroxylamine of

formula (Id):

R
G/C—_—N—H RI—
| R (Ic)
in which formulae:

- R® and R®, which may be identical or different, have the meanings given
15 for R! and R? in formula (la), and at most one of the groups R® and R*

—0OR®

Iz

(Id)

represents hydrogen;
- R” has the meanings given for R' or R? in formula (la), except hydrogen;
and
- R® represents hydrogen, a linear or branched, saturated or unsaturated
20 acyclic aliphatic group, unsaturated or unsaturated, monocyclic or

polycyclic, carbocyclic group; or a concatenation of said groups.

15. The process according to anyone of claims 1 to 8, wherein the

25 nucleophilic compound is of formula (Ig):
R'®-NH-CO-R'® (19)
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in which formula (Ig), R' and R'® have the meanings given for R" and R? in

formula (1a).

16. The process according to claim 15, wherein R'S is an hydrogen and

R'® is a C1-C20 hydrocarbon group linear or branched.

17. The process according to anyone of the preceding claims, wherein
the nucleophilic compound comprises at least one nitrogen atom carrying a
free electron pair included in a saturated, unsaturated, or aromatic cycle, the

cycle generally containing 3 to 8 atoms.

18. The process according to anyone of the preceding claims, wherein
the compound carrying a leaving group is represented by general formula (Il):
Y-R? ()
in which formula R° represents a hydrocarbon group containing from 2 to 20
carbon atoms and optionally has at least one unsaturation (a double or a
triple bond) in the position a to a leaving group Y, or represents a monocyclic

or polycyclic, aromatic, carbocyclic and/or heterocyclic group.

19. The process according to claim 18, wherein the compound carrying a
leaving group is represented by general formula (1):
Y-R° ()

in which:
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- RP represents an aliphatic hydrocarbon group containing at least one
double bond and/or one triple bond in the position a to the leaving group
or a cyclic hydrocarbon group containing an unsaturated bond carrying a
leaving group; or

- R° represents a monocyclic or polycyclic, aromatic, carbocyclic and/or
heterocyclic group; and

- Y represents a leaving group, preferably halogen or a sulfonic ester group
of formula -OS0,-R®, in which R® is a hydrocarbon group.

20. The process according to anyone of claims 1 to 18, wherein the
compound carrying a leaving group is represented by general formula (Ila) or
(lb):

R* Y

R35 R36 RSL‘CEC—"Y
(lla) (1b)
in which formulae (lla) and (lIb):

- R* R¥ and R®, which may be identical or different, represent
hydrogen or a hydrocarbon group containing 1 fo 20 carbon atoms,
which can be a linear or branched, saturated or unsaturated aliphatic
group; a monocyclic or polycyclic, saturated, unsaturated or aromatic
carbocyclic or heterocyclic group; or a concatenation of aliphatic and/or
carbocyclic and/or heterocyclic groups as defined above;

- Y represents the leaving group, as defined above;

21. The process according to anyone of claims 1 to 18, wherein the

compound carrying a leaving group is represented by general formula (llc)
37
Y (R™)p

J

(llc)

in which formula (llc):
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E represents the residue of a cycle forming all or a portion of a
monocyclic or polycyclic, aromatic, carbocyclic and/or heterocyclic
system;

R¥ which may be identical or different, represents substituents on the
cycle;

Y represents a leaving group as defined above; and

n" represents the number of substituents on the cycle.

The process according to claim 21, wherein the compound carrying a

leaving group is represented by general formula (llc), wherein E is the

residue of a cyclic compound, preferably containing at least 4 carbon atoms
in its cycle, preferably 5 or 6, optionally substituted, and representing at least

one of the following cycles:

« a monocyclic or polycyclic aromatic carbocycle, i.e., a compound

constituted'by at least 2 aromatic carbocycles and between them
forming ortho- or ortho- and peri-condensed systems, or a compound
constituted by at least 2 carbocycles, only one of which is aromatic and
between them forming ortho- or ortho- and peri-condensed systems;

a monocyclic aromatic heterocycle containing at least one of
heteroatoms P, O, N or S or a polycyclic aromatic heterocycle, i.e., a
compound constituted by at least 2 heterocycles containing at least one
heteroatom in each cycle wherein at least one of the two cycles is
aromatic and between them forming ortho- or ortho- and peri-
condensed systems, or a compound constituted by at least one
carbocycle and at least one heterocycle at least one of the cycles being
aromatic and forming between them ortho- or ortho- and peri-

condensed systems.
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23, The process according to claim 1 to 18, wherein the compound is of
formula (lld) :
Roll
Ro (lid)
In which:

- Ro" is an halogen,
- R¢' represents a nitro, nitrile, O-aryl, halogen, alkyl, acetyl or alkoxy

group

24, The process according to anyone of the preceding claims, wherein
the ratio between the number of moles of compound carrying a leaving group
and the number of moles of nucleophilic compound is usually in the range 0.1
to 2.0, preferably in the range 0.5 and 1.5, more preferably in the range 0.8

and 1.5.

25, The process according to anyone of the preceding claims, wherein
the catalytic system comprises an iron-based catalyst, said iron-based
catalyst being chosen from among metallic iron, oxides of iron(ll) or iron(ll1),
hydroxides of iron(ll) or iron(lll), organic or inorganic salts of iron(ll) or

iron(ll) and iron(l) or iron(lll) complexes with common usual ligands.

26. The process according to anyone of the preceding claims, wherein
said iron-based catalyst is chosen from among iron(0), iron halides (chosen
among iron(ll) iodide, iron(ll) bromide, iron(lll) bromide, iron(ll) chloride,
iron(ll1) chloride, iron(ll) fluoride, iron(lll) fluoride), iron oxides or hydroxides
(chosen among iron(ll) oxide, iron(lll) oxide, iron(lll) hydroxide), iron nitrates
(chosen among iron(ll) nitrate, iron(lll) nitrate), iron sulfates, sulfides or
sulfites (chosen among iron(ll) sulfate, iron(lll) sulfate, iron(ll) sulfite, iron
sulfide, iron disulfide), iron phosphates (chosen among iron(lll) phosphate),
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iron perchlorates (chosen among iron(llf) perchlorate) or iron organic salts in
which the counter anion involves at least one carbon atom (chosen among
iron(ll) acetate, iron(lll) acetate, iron(lll) trifluoromethylsulfonate, iron(1l)

methylate, iron(lll) methylate, iron(lll) acetylacetonate).

27. The process according to anyone of the preceding claims, wherein
the catalytic system comprises an iron-based catalyst, said copper-based
catalyst being chosen from among metallic copper, oxides of copper(l) or
copper(ll), hydroxides of copper(l) or copper(ll), organic or inorganic salts of
copper(l) or copper(ll) and copper(l) or copper(ll) complexes with common

usual ligands.

28. The process according to anyone of the preceding claims, wherein
said copper-based catalyst is chosen from among copper(0), copper halides
(chosen among copper(l) iodide, copper(l) bromide, copper(ll) bromide,
copper(l) chloride, copper(ll) chloride), copper oxides or hydroxides (chosen
among: copper(l) oxide, copper(ll) oxide, copper(ll) hydroxide), copper
nitrates (chosen among: copper(l) nitrate, copper(ll) nitrate), copper sulfates
or sulfites (chosen among: copper(l) sulfate, copper(ll) sulfate, copper(l)
sulfite), copper organic salts in which the counter anion involves at least one
carbon atom (chosen among: copper(ll) carbonate, copper(l) acetate,
copper(ll) acetafe, copper(ll) trifluoromethylsulfonate, copper(l) methylate,

copper(ll) methylate, copper(ll) acetylacetonate).

29. The process according to anyone of the preceding claims, wherein
the catalytic system is chosen from among copper(l) bromide, copper(l)

iodide, iron(lll) chloride, iron (ll) chloride.

30. The process according to anyone of the preceding claims, wherein
the total amount of catalyst metal, expressed as the molar ratio between the
number of moles of Fe or number of moles of Cu and the number of moles of
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the nucleophilic compound, is generally in the range 0.001 to 0.5, preferably
0.01 to 0.1.

31. The process according to anyone of the preceding claims, wherein

the reaction is further carried out in the presence of a base.

32, The process according to claim 31, wherein the pKa of the base is
greater than about 2, preferably in the range of 4 to 30.

33. The process according to anyone of claims 31 or 32, wherein the
base is chosen form among alkali metal carbonates, bicarbonates,
phosphates or hydroxides, preferably of sodium, potassium, caesium or
alkaline-earth metals, preferably calcium, barium or magnesium; alkali metal
hydrides, preferably sodium hydride or alkali metal alcoholates, preferably of
sodium or potassium, more preferably sodium methylate, ethylate or
tertiobutylate; tertiary amines, more particularly triethylamine, tri-n-
propylamine, tri-n-butylamine, methyl dibutylamine, methyl
dicyclohexylamine, ethy! diisopropylamine, N,N-diethyl cyclohexylamine,
pyridine, dimethylamino-4-pyridine, N-methyl piperidine, N-ethyl piperidine,
N-n-butyl piperidine, 1,2-methylpiperidine, N-methyl pyrrolidine and
1,2-dimethyl pyrrolidine.

34. The process according to anyone of claims 31 to 33, wherein the

base is cesium carbonate.

35. The process according to anyone of claims 31 to 34, wherein the
quantity of base employed is such that the ratio between the number of
moles of base and the number of moles of aromatic compound carrying the

leaving group is preferably in the range 0,1 to 4.

36. The process according to anyone of claims 1 to 35, wherein the
reaction is further carried out in the presence of a solvent.
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37. The process according to claim 36, wherein the solvent is a polar

organic solvent, more preferably an aprotic polar organic solvent.

38. The process according to anyone of claim 36 or 37, wherein the

solvent is chosen form among:

- linear or cyclic carboxamides, such as N,N-dimethylacetamide (DMAC),
N,N-diethylacetamide, dimethylformamide (DMF), diethylformamide or
1-methyl-2-pyrrolidinone (NMP);

- dimethylsulfoxide (DMSO);

- hexamethylphosphotriamide (HMPT),

- tetramethyurea;
- nitro compounds such as nitromethane, nitroethane, 1-nitropropane, 2-

nitropropane or mixtures thereof, and nitrobenzene;

- aliphatic or aromatic nitriles such as acetonitrile, propionitrile, butanenitrile,
isobutanenitrile, pentanenitrile, 2-methylglutaronitrile or adiponitrile; -

- tetramethylene sulfone (sulfolane);

- organic carbonates such as dimethylcarbonate, diisopropylcarbonate or di-
n-butylcarbonate;

- alkyl esters such as ethyl or isopropyl acetate;

- halogenated or non halogenated aromatic hydrocarbons such as
chlorobenzene or toluene;

- ketones, such as acetone, methylethylketone, methylisobutylketone,
cyclopentanone, cyclohexanone;

- nitrogen-containing heterocycles such as pyridine, picoline and guinolines.

39. The process according to anyone of claims 36 to 38, wherein the
quantity of organic solvent is such that the concentration of the compound
carrying a leaving group in the organic solvent is in the range. 5% to 40% by

weight.

40. The process according to anyone of claims 1 to 39, wherein the
reaction is conducted at a temperature in the range 0° C to 200° C,
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preferably in the range 20° C to 170° C, more preferably in the range 25° C
to 140° C.

41. The process according to anyone of claims 1 to 40, comprising the
steps of:

« charging the catalytic system, the nucleophilic compound, the base, the
compound carrying a leaving group, optionally the iodide compound,
and the organic solvent;

* heating the reaction medium to the desired temperature;

« recovering the cross-coupling reaction product.

42, The process according to anyone of claims 1 to 41, wherein the
reaction takes place in the presence of an effective quantity of a catalytic
system comprising iron, preferably an organic or inorganic salt of iron(lll),
more preferably iron(lll) chloride, iron(ill) acetate and/or iron(lll)
acetylacetonate [Fe(acac)s], or mixtures thereof, together with 2,2,6,6-
tetramethyl 3,5-heptane dione in the presence of a base, preferably an

alkaline earth carbonate, more preferably caesium carbonate

43. The process according to anyone of claims 1 to 41, wherein the
reaction takes place in the presence of an effective quantity of a catalytic
system comprising copper, preferably an organic or inorganic salt of copper
selected from Cu(0), Cul, CuO, Cu(acac),, and mixtures thereof, e.g. Cul +
Cu(acac), together with 2,2,6,6-tetramethyl 3,5-heptane dione in the
presence of a base, preferably an alkaline earth carbonate, more preferably
caesium carbonate

44, The process according to anyone of preceding claims, wherein the
reaction is run in a carboxamide-type solvent, preferably DMF, at a
temperature in the range 0° C to 200° C, preferably in the range 20° C to
170° C, more preferably in the range 25° C to 140° C.
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