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[0007b] In another aspect, there is provided a process for making a compound of structure I as

defined above, said process comprising reacting a compound of structure I1:

Ar'-Ar-Ar-E-PR,

wherein Ar', Ar* and Ar’, E and R are as defined above and Ar' and Ar are in a 1,3 relationship

on Ar’, with a salt or complex of M, optionally in the presence of a liganding species.

[0007¢] A process for making a compound of structure I as defined above comprising reacting

a compound of structure I1I:
Ar'-Ar-Ar-E-X
wherein Arl, Ar? and Ar3 and E are as defined above and Ar! and Ar’ are in a 1,3 relationship on
A
with either:

a compound of structure X-PR,, wherein R is as defined above or

a compound of structure X-P(D)R, wherein R is as defined above, and subsequently removing
the group D, wherein D is =S or =0 or —Z-linker-Z-, where each Z independently is O or NH or
N-alkyl and linker is an alkyl chain of 2-5 carbon atoms in length

wherein each X is independently selected from the group consisting of H, F, Br, Cl, I, OTf¥, dba,
OC(=0)CF; and OAc.

[6007d] In another aspect, there is provided a process for making a coupled compound
comprising reacting a compound of structure R*X in which R? is alkyl, alkenyl, alkynyl, aryl or
heteroaryl and X is a leaving group such as halide or triflate, with a compound V comprising an
element M bonded directly to an alkyl, alkenyl, alkynyl, aryl or heteroaryl group, in which M is

an element in one of groups 1, 2, 11, 12, 13 or 14, in the presence of either:

° a compound of structure I in which M=Pd;

@) (Ar'-Ar’-Ar’-E-P(=D)Ry--),M ;X Ly

wherein;
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o Ar', A and Ar are carbocyclic aromatic groups wherein:

-~ Ar'and A’ areina 1,3 relationiship on Ar?;

~ each of Ar' and Ar° optionally comprises one or more ring substituents of
formula YR’ wherein each Y independently is absent or is 0,S,B,Nor
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is O or S, 2ifY
isBorNand3if Y is Si,

—  Ar' and A7’ are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and

—  Ar’is a monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4’ and 6’ positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2 or 3, whereris 1
if Y isabsentoris Oor S,2 if Yis BorNand 3 if Y is Si:

E is absent or is selected from the group consisting of O, S, NR”, SiR™, and
CR™;

M is a complexing metal;

X is selected from the group consisting of H, F, Br, CL, I, OTf, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

L 1s absent or is selected from the group consisting of PR”,, NR™, OR”, SR”,
SiR3, AsR™;, alkene, alkyne, aryl and heteroaryl, each of said alkene, alkyne,
aryl and heteroaryl being optionally substituted, for example with one or more
halogens and/or with one or more R groups as defined herein, wherein if I is
absent, n is not 1;

each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

D is absent;

cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, ary! or
heteroaryl, each other than H being optionally substituted, or R”, is —Z-linker-Z-,
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where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of
2-5 carbon atoms in length;
o mislior2;

° nislor2andn’andn’ are integers such that the coordination sphere of M is
filled; and

¢ M is bonded to a ring atom of Ar’ ortho to E; or

° a compound of structure II:
(I1) Ar'-Ar*-Ar*-E-PR,

wherein;

o Ar', Ar¥ and Ar® are carbocyclic aromatic groups wherein:

Ar'and AP are in a 1,3 relationship on Arz;

— each of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR’; wherein each Y independently is absent or is 0.8 B, Nor
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where.r is 1if Y is absent or isOorS,2ifY
isBorNand 3if Y is Si,

— Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar! and At
independently has 5, 6 or 7 ring atoms; and

—~ Affisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4’ and 6 positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if Yisabsentoris OorS,2ifYisBorNand 3if Yis Si;

e L is absent or is selected from the group consisting of O, S, NR”, SiR”; and
CR™;

¢ each R is independently alkyl, cycloalkyl, heterocyelyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,

aryloxy or heteroaryloxy; and
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e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”; is —Z-linker-Z-,
where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt or complex capable of reacting with the compound of structure IT to form a

compound of structure I in which M=Pd,

[0007¢] In another aspect, there is provided a process for making a olefinic compound
comprising reacting a compound of structure R*X in which R? is alkyl, alkenyl, alkynyl, aryl or
heteroary] and X is a leaving group such as halide or triflate with an olefin in the presence of

either:
o a compound of structure I in which M=Pd:

(D) (Ar'-ArP-Ar*-E-PED)R,-), M, X, L,

wherein:

o Ar', Ar” and Ar® are carbocyclic aromatic groups wherein:

— Ar'and Al areina 1,3 relationship on Ar?;

— each of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR’; wherein cach Y independently is absent oris O, S, B, N or
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is O or S,2ifY
isBorNand 3ifY is Si,

~  Ar' and Ar® are each independently carbocyclic and each is independently
monocyeclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and

- Afisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 57 position, and being
substituted in the 2°, 4” and 6” positions by YR, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2 or 3, whereris 1
if YisabsentorisOorS,2if YisBorNand3if Y is Si;
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e E is absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR™;

¢ M is a complexing metal;

e X is selected from the group consisting of H, F, Br, C1, I, OTL, dba
(dibenzylidene acetone), OC(=0Q)CF; and OAc:;

¢ L is absent or is selected from the group consisting of PR”,, NR™,, OR”, SR”,
SiR”3, AsR™, alkene, alkyne, aryl and heteroaryl, cach of said alkene,
alkyne, aryl and heteroaryl being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,
wherein if L is absent, n is not 1;

o each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

e D is absent;

s each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R™; is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alkyl chain of 2-5 carbon atoms in length;

emis]or2;

enislor2andn’ and n’ are integers such that the coordination sphere of M is

filled; and

* Mis bonded to a ring atom of Ar® ortho to E; or
o a compound of structure 1I;

(ID) Ar'-Ar’-Ar’-E-PR,
wherein:

o Ar', Ar’ and Ar® are carbocyclic aromatic groups wherein:
— Ar'and AP areina 1,3 relationship on Ar’;
— ecach of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR, wherein each Y independently is absent oris. O, S, B, N or
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
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heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is O orS,2ifY
isBorNand3ifY is Si,

— Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyelic and each ring of each of Ar' and Ar’
independently has 3, 6 or 7 ring atoms; and

- Afisa monocyclic carbocyelic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4* and 6 positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where ris 1
if YisabsentorisQorS,2if YisBorNand 3 if Yis Si;

e E is absent or is selected from the group consisting of O, S, NR”, SiR™, and
CR”;

e cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy; and

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”; is —Z-linker-Z-,
where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt or complex capable of reacting with the compound of structure II to form a

compound of structure I in which M=Pd.

[00071] In another aspect, there is provided a process for making an alkynyl compound
comprising reacting a compound of structure R*X in which R? is alkyl, alkenyl, alkynyl, aryl or
heteroaryl and X is a leaving group such as halide or triflate with a terminal alkyne in the
presence of either:
° a compound of structure I in which M=Pd:

@) (Ar'-Ar*-Ar’-E-P(=D)Ry-),M XL~

wherein:

o Ar', A and Ar® are carbocyclic aromatic groups wherein:
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~ Ar'and AP arcina 1,3 relationship on Ar’;

~ each of Ar' and Ar’ optionally comprises one or more ring substituents of
formula YR’, wherein each Y independently is absent or is O, S, B, N or
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent orisOorS,2ifY
isBorNand3if Y is Si,

—  Ar' and Ar’ are each independently carbocyclic and each is indeperidently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and

- Arfisa monocyclic carbocycelic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4’ and 6 positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is mdependently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where ris 1
if YisabsentorisOQorS,2if YisBorNand 3if Yis Si;

o E is absent or is selected from the group consisting of O, S, NR”, SiR”;, and
CR™;

¢ M is a complexing metal;

* X is selected from the group consisting of H, F, Br, Cl, L, OTf, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

* L is absent or is selected from the group consisting of PR, NR”,, OR”, SR”,
SiR™3;, AsR”s, alkene, alkyne, aryl and heteroaryl, each of said alkene,
alkyne, aryl and heteroaryl being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,
wherein if L. is absent, n is not 1;

e cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

e D is absent;

e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R™, is —Z~
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;
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emis 1 or2;
enis1or2andn’ andn’ are integers such that the coordination sphere of M is
filled; and
o Mis bonded to a ring atom of Ar® ortho to E; or

a compound of structure II:

D) Ar'-Ar*-Ar’-E-PR,
wherein;

o Ar', Ar and Ar® are carbocyclic aromatic groups wherein;

— Ar'and A are ina 1.3 relationship on Ar%;

— each of Ar! and A¢® optionally comprises one or more ring substituents of
formula YR’ wherein each Y independently is absent or is O, S, B, N or
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and r is 1, 2 or 3, where ris 1 if Y is absent or is O or S.2ifY
isBorNand3ifYis Si,

~ Ar' and Af® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyelic and each ring of each of Ar’ and Ar’
independently has 5, 6 or 7 ring atoms; and

- Affisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4> and 6 positions by YR’; whereineach Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where ris 1
if YisabsentorisOorS,2if YisBorNand 3if Y is Si;

e E is absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR”3;

e each R is independently alkyl, cycloalkyl, heterocyelyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy; and

e eachR” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R is —Z-linker-Z7-,
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where each Z independently is O or NI or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a compound

of structure I in which M=Pd.

[0007g] Tn another aspect, there is provided a process for making an amine compound
comprising reacting a compound of structure R*X in which R%is alkyl, alkenyl, alkynyl, aryl or
heteroaryl and X is a leaving group such as halide or triflate with a primary or secondary amine
in the presence of either:

° a compound of structure I in which M=Pd:

@) (Ar'-Ar’-Ar’-E-P(=D)Ry~-),M XL,
wherein:

o Ar', Ar* and Ar® are carbocyclic aromatic groups wherein:
~ Ar'and A areina 1,3 relationship on Ar%;
— each of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR’ wherein each Y independently is absent oris O, S, B, N or
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is OorS,2ifY
isBorNand 3ifY is Si,
~  Ar' and A7’ are each independently carbocyclic and each is independently
monocyclic, bicyelic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and
- Afisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4’ and 6’ positions by YR’, wherein each Y
independently is a’bsenig oris O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if' Y is absent oris O or S, 2 if YisBor Nand 3 if Y is Si;
o I is absent or is selected from the group consisting of O, S, NR”, SiR”; and
CR™;

e M is a complexing metal;
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o X 1s selected from the group consisting of H, F, Br, Cl, I, OTf, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

o [ is absent or is selected from the group consisting of PR”,, NR™,, OR”, SR>,
SiR”3, AsR™s, alkene, alkyne, aryl and heteroaryl, each of said alkene,
alkyne, aryl and heteroaryl being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,
wherein if L is absent, n is not 1;

e each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

¢ D is absent;

e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”; is —7-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alkyl chain of 2-5 carbon atoms in length:

emis]or2;

enis1or2andn’andn’ are integers such that the coordination sphere of M is
filled; and

* M is bonded to a ring atom of Ar’ ortho to E;or

° a compound of structure II:

(ID) Ar'-Ar*-Ar*-E-PR,
wherein:

o Ar', Ar? and Ar® are carbocyclic aromatic groups wherein:
~ Ar'and Ar' areina 1,3 relationship on Ar?;
— each of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR’; wherein each Y independently is absent oris O, S, B, Nor
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where r is 1 if' Y is absent or is O or S,2ifY
isBorNand 3if Y is Si,
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— Ar' and Af® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar
independently has 5, 6 or 7 ring atoms; and

~ Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4° and 67 positions by YR’; wherein cach Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if'Yisabsentoris Qor S, 2 if Y is Bor Nand 3 if Y is Si;

o E is absent or is selected from the group consisting of O, S, NR”, SiR™; and
CR™;

e each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy; and

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R™; is —Z-linker-7-,
where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a compound

of structure I in which M=Pd.

[0007h] In another aspect, there is provided a process for making an aryl carbonyl compound,
e.g. a ketone or aldehyde or acid or ester, comprising reacting a compound of structure R?X in
which R" is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a leaving group such as halide or
triflate with carbon monoxide and a nucleophile M’-Nu, where Nu = OH, NRg, alkyl, aryl, SR,
or OR" where each R* is as described above, and M’ is H or a Group 1 or Group 2 (alkyl or
alkaline earth) metal ion or is M”R®, where M~ is Cu, Ag, Zn, AIR", GaR®, TIR®, CR", SiR%,
Sanz, Pbsz, NRP or ASRb, where R? is alkyl, alkenyl, alkynyl, aryl or heteroaryl, in the

presence of either:
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° a compound of structure 1 in which M=Pd:

(@) (Ar'-Ar*-Ar’-E-P(=D)Ry--),M ;XL

wherein:

o Ar', Ar? and Ar° are carbocyclic aromatic groups wherein:

Ar' and AP areina 1,3 relationship on Ar?;

each of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR, wherein each Y independently is absent or is O, S, B, Nor
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where r is 1 if Y is absent or isOQorS,2ifY
isBorNand3if'Y is Si,

Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar°
independently has 5, 6 or 7 ring atoms; and

Arisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4 and 6’ positions by YR’, wherein each Y
independently is absent oris O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if YisabsentorisOorS,2if YisBorNand 3if Y is Si;

o E is absent or is selected from the group consisting of O, S, NR”, SiR”, and

CR™;

¢ M is a complexing metal;

¢ X is selected from the group consisting of H, F, Br, C1, I, OT¥, dba

(dibenzylidene acetone), OC(=0)CF; and OAc;

e L is absent or is selected from the group consisting of PR™;, NR”,, OR”, SR”,

SiR™3, AsR™;, alkene, alkyne, aryl and heteroaryl, each of said alkene,
alkyne, aryl and heteroatyl being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,

wherein if L is absent, n is not 1;
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o each R is independently alkyl, cycloalkyl, heterocyelyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

e D is absent;

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R, is 7~
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alkyl chain of 2-5 carbon atoms in length;

emis 1 or2;

enislor2andn’and n’ are integers such that the coordination sphere of M is
filled; and

o M is bonded to a ring atom of Ar’ ortho to E;or

acompound of structure I1:

Iy Ar'-Ar’-Ar’-E-PR,
wherein:

e Ar', Ar’ and Ar® are carbocyclic aromatic groups wherein:

— Ar' and A areina 1,3 relationship on Ar%;

— each of Ar' and Ar’® optionally comprises one or more ring substituents of
formula YR’, wherein each Y independently is absent or is O, S, B, N or
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is QorS,2ifY
isBorNand3ifY isSi,

— Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar! and Ar®
independently has 5, 6 or 7 ring atoms; and

- Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4* and 6" positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R is independently
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halogen, alkyl, cycloalkyl, ary] or heteroaryl and ris 1, 2 or 3, where ris 1
if YisabsentorisOorS,2ifYisBorNand 3 if Y is Si;

s [ is'absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR”;

o each R is independently alky], cycloalkyl, heterocyelyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy; and

° each R”is independently H, alkyl, cycloalkyl, heterocycloalkyl, ary! or
heteroaryl, each other than H being optionally substituted, or R”; is --Z-linker-7-,
where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a compound

of structure [ in which M=Pd,

[0007i] In another aspect, there is provided a process for making a nitrile compound comprising
reacting a compound of structure R*X in which R is alkyl, alkenyl, alkynyl, ary! or heteroaryl

and X is a leaving group such as halide or triflate with a cyanide in the presence of either:

° a compound of structure I in which M=Pd:
@ (Ar'-Ar*-Ar’-E-P(=D)Ry--)uM ;X Ly

wherein:

o Ar', Ar’ and A1 are carbocyclic aromatic groups wherein:

~ Ar'and Af areina 1,3 relationship on Ar?;

- each of Ar! and Ar° optionally comprises one or more ring substituents of
formula YR’, wherein each Y independently is absent or is O, S, B, N or
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent orisOorS,2ifY
isBorNand 3 if Yis Si,

~  Ar'and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and AP

independently has 5, 6 or 7 ring atoms; and
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- Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4’ and 6” positions by YR’ wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, ary! or heteroaryl and ris 1, 2 or 3, where 1 is 1
if YisabsentorisOorS,2if Yis BorNand 3 if Y is Si;

¢ E is absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR™;

e M is a complexing metal;

° X is selected from the group consisting of H, F, Br, CI, T, OTTY, dba
(dibenzylidene acetone), OC(=0)CF and OAc;

e L is absent or is selected from the group consisting of PR”,, NR”,, OR”, SR”,
SiR”3, AsR™s, alkene, alkyne, aryl and heteroaryl, each of said alkene,
alkyne, aryl and heteroary! being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,
wherein if L is absent, n is not 1;

» each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

e [) is absent;

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”z‘iS —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alkyl chain of 2-5 carbon atoms in length;

emis]or2;

enis 1 or2and n” and n’’ are integers such that the coordination sphere of M is
filled; and

° Misbonded to a ring atom of Ar’ ortho to E; or

o a compound of structure I1:

(IT) Ar'-Ar*-Ar’-E-PR,

wherein:
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o Ar', Ar* and Ar’ are carbocyclic aromatic groups wherein:

Ar' and Af° are ina 1,3 relationship on Ar’;

each of Ar' and A optionally comprises one or more ring substituents of
formula YR’ wherein each Y independently is absent oris O, S, B, N or
St and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y isabsentorisOQorS,2ifY
isBorNand3ifY is Si,

Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and

Arfisa monocyclic carbocyelic ring having 6 ting atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4” and 6’ positions by YR’ wherein cach Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if YisabsentorisQorS,2if YisBorNand 3 if Y is Si;

o E is absent or is selected from the group consisting of O, S, NR”, SiR™, and
CR”z;

» cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,

aryloxy or heteroaryloxy; and

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than H being optionally substituted, or R’y is —~Z-linker-Z-,

where cach Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a compound
of structure T in which M=Pd.

[0007]] In another aspect, there is provided a process for making a phosphorus compound

comprising reacting a compound of structure R*X in which R% is alkyl, alkenyl, alkynyl, aryl or

heteroaryl and X is a leaving group such as halide or triflate with a phosphorus reagent in the

presence of either:

o a compound of structure I in which M=Pd:
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M. (Ar'-Ar*-Ar*-E-PED)R;--),M o X, L,

wherein:

o Ar', Ar* and A1’ are carbocyclic aromatic groups wherein:

- Ar'andAfareina 1.3 relationship on Ar%;

— eachof Ar' and Ar’ optionally comprises one or more ring substituents of
formula YR’ wherein each Y independently is absent or is 0,S,B,Nor
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl andris 1, 2 or 3, where ris 1 if Y is absentorisOor S, 2ifY
isBorNand3ifY is Si,

—  Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycycelic and each ring of each of Ar! and Ar®
independently has 5, 6 or 7 ring atoms; and

- At'isa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4* and 6’ positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Si and each R’ 1s independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if YisabsentorisOor S, 2 if Yis B or N and 31ifY is Si;

s E is absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR™;

® M is a complexing metal;

e X is selected from the group consisting of H, F, Br, Cl, I, OTT, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

e L. is absent or is selected from the group consisting of PR, NR™, OR”, SR”,
SiR”;, AsR”;, alkene, alkyne, aryl and heteroaryl, each of said alkene,
alkyne, aryl and heteroaryl being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,
wherein if L is absent, n is not 1;

e cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, hetetocycloalkyloxy,

aryloxy or heteroaryloxy;
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¢ D is absent;

e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, ary! or

heteroaryl, each other than H being optionally substituted, or R, is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

emis ! or2;

enis 1 or2andn’ and n' are integers such that the coordination sphere of M is

filled; and

* Mis bonded to a ring atom of Ar® ortho to E; or

a compound of structure 11

(I1) Ar'-Ar*-Ar’-E-PR,

wherein:

e Ar', Ar* and Ar are carbocyclic aromatic groups wherein:

Ar' and Ar® are in a 1,3 relationship on Ar?;

each of Ar! and Ar® optionally comprises one or more ring substituents of
formula YR’, wherein each Y independently is absent or is 0,8,B,Nor
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is OorS,2ifY
ts BorNand 3 if' Y is Si,

Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and

Arisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4’ and 6’ positions by YR’ wherein cach Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if Yisabsent oris O or S, 2 if Y is B or N and 3 if Y is Si;

e | is absent or is selected from the group consisting of O, 8, NR”, SiR”; and
CR™y;



2t

o cach R is independently alkyl, cycloalkyl, heterocyelyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,_het_erocyclo‘alkyloxy,
aryloxy or heteroaryloxy; and

e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”, is ~Z-linker-7-,
where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a compound

of structure I in which M=Pd.

[0007k] In another aspect, there is provided a process for making an ether comprising reacting a
compound of'structure R*X in which R%is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a
leaving group such as halide or triflate with an alcohol in the presence of either:

° a compound of structure I in which M=Pd:

@ (Ar'-Ar*-Ar’-E-P(=D)Ry--),M; XL~
wherein:

e Ar', A and AT’ are carbocyclic aromatic groups wherein:

- Ar'andAr areina 1,3 relationship on .Ar2;

— eachof Ar' and Ar® optionally comprises one or more ring substituents of
formula YR, wherein each Y independently is absent oris O, S, B, N or
Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1,2 or 3, where ris 1 if Y is absentorisQorS,2ifY
isBorNand 3if Y is Si,

- Ar' and Ar are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms: and

- Ar’isa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4* and 6° positions by YR’ wherein each Y
independently is absent or is O, S, B, N or Si and each R” is independently
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halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if Yisabsentoris OorS,2if YisBorN and 3if Y is Si;

e E is absent or is selected from the group consisting of O, S, NR”, SiR*, and
CR™;

® M is a complexing metal;

¢ X is selected from the group consisting of H, F, Br, C1, 1, OTTt, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

e L is absent or is selected from the group cousisting of PR”;, NR”,, OR”, SR”,
SiR”3, AsR™s, alkene, alkyne, aryl and heteroaryl, each of said alkene,
alkyne, aryl and heteroaryl being optionally substituted, for example with
one or more halogens and/or with one or more R groups as defined herein,
wherein if L is absent, n is not 1;

e cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

o D is absent;

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R, 1s -Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alky! chain of 2-5 carbon atoms in length:

emis1or2;

enis1or2andn’ and n’’ are integers such that the coordination sphere of M is
filled; and

e Mis bonded to a ring atom of Ar’® ortho to E;or

a compound of structure II:

(1) Ar'-Ar*-Ar’-E-PR,
wherein;

e Ar', Ar? and Ar® are carbocyclic aromatic groups wherein:

— Ar'and AP arein a 1,3 relationship on Ar?;
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— each of Ar' and Ar® optionally comprises one or more ring substituents of
formula YR, wherein each Y independently is absent or is 0,58,B,Nor
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or'3, where ris [ if Y is absentorisQor S, 2ifY
isBorNand3ifY is Si,

— Ar' and Ar° are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar®
independently has 5, 6 or 7 ring atoms; and

- Arisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4* and 6’ positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is independently
halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if YisabsentorisOorS,2if YisBorNand3if Y 1s Si;

» E is absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR™y;

o cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy; and

s each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R™, is —Z-linker-Z-,
where each Z independently is O or NH or N-alkyl, and linker is an alkyl chain of

2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a compound
of structure I in which M=Pd.

[00071] In another aspect, there is provided the use of a compound of structure I as defined
above in which m=1 or 2 and M=Pd as a catalyst; optionally for a reaction selected from the
group consisting of Suzuki-Miyaura, Kumada, Stille, Negishi and Hiyama coupling reactions,
Heck and Sonogashira reactions, Buchwald-Hartwig amination, Heck carbonylation,

alkoxylation, cyanation, phosphination and metal mediated coupling reactions.

[0008] 1. A process for making a compound of structure I:
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(Ar'-Ar-AP-E-PRy--), M X, Lo
wherein:
o Ar', Ar’ and Ar’ are aromatic groups wherein:
~ Ar'and A’ areina 1,3 relationship on Ar?,
- each of Ar', Ar? and A optionally comprises one or more ring substituents of
formula YR’, wherein each Y independently is absent or is 0, S, B, N or Si and each

R’ is independently H, halogen, alkyl, cycloalkyl, heterocyelyl, cycloheteroaryl, aryl
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CLAIMS

1. A compound of structure I:

(Ar'-Ar’-Ar’-E-P(=D)Ry--),M, X, L,
wherein:

o Ar') Ar® and Ar® are carbocyclic aromatic groups wherein:

- Ar! and AP are in a 1,3 relationship on Ar?;

— each of Ar' and Ar® optionally comprises one or more ring substituents of formula
YR’y wherein each Y independently is absent or is 0O, S, B, Nor Siand each R’ is
independently H, halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2 or 3, where r is 1
if YisabsentorisOorS,2if YisBorNand 3 if Y is Si,

- Ar' and Ar® are each independently carbocyclic and each is independently
monocyclic, bicyclic or polycyclic and each ring of each of Ar' and Ar’ independently has 3,
6 or 7 ring atoms; and

- Affisa monocyclic carbocyclic ring having 6 ring atoms, a single hydrogen atom
directly attached thereto in the 5’ position, and being substituted in the 2°, 4* and 6’ positions
by YR’; wherein each Y independently is absent or is 0O, 8, B, Nor Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1; 2or3, whereris1if Y
isabsentoris QO orS,2if Yis B orNand 3 if Y is Si;

° E is absent or is selected from the group consisting of O, S, NR”, SiR”; and CR”,;

° M is a complexing metal;

° X is selected from the group consisting of H, F, Br, CL L, OT{, dba (dibenzylidene
acetone), OC(=0)CF;3 and OAc;

© L is absent or is selected from the group consisting of PR, NR”,, OR”, SR”, Si 73,
AsR"3, alkene, alkyne, aryl and heteroaryl, each of said alkene, alkyne, aryl and heteroaryl
being optionally substituted, for example with one or more halogens and/or with one or more
R groups as defined herein, wherein if L is absent, n is not 1;

° each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy, aryloxy or

heteroaryloxy:
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° D is absent;

o cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
each other than H being optionally substituted, or R”, is —Z-linker-Z-, where each Z
independently is O or NH or N-alkyl, and linker is an alkyl chain of 2-5 carbon atoms in

length;

° mis 1 or2;

° nislor2andn’ andn’ are integers such that the coordination sphere of M is filled;
and

° M is bonded to a ring atom of Ar® ortho to E.

2. The compound of claim 1 wherein E is O or S or NR”".

3. The compound of claim 1 or 2 wherein nis 1 or 2 and M is selected from the group

consisting of Pd, Ni, Pt, Cu, Fe, Co, Au, Ag, Rh, Ir, Ru, Os or Mn; preferably wherein M is
Pd, Ni or Cu; more preferably wherein M is Pd.

4. The compound of any one of claims 1 to 3 wherein m is 1 or 2 and X is Cl or OAc.
5. The compound of claim 1 wherein m=1.

6. The compound of claim 1 wherein m=2 and n” is 0.

7. The compound of any one of claims 1 to 6 wherein n=m.

8. The compound of any one of claims 1 to 7 wherein each R is independently selected

from the group consisting of alkyl, cycloalkyl, aryl and heteroaryl; preferably wherein each R

is alkyl or each is aryl, or one is alkyl and the other is aryl.
9. The compound of any one of claims 1 to 8 wherein n” is 0, M is Pd and n is 2.

10.  The compound of claim 1 wherein Ar' is phenyl, Ar® is 2,4,6-trimethylphenyl or
2.4,6-triisopropylphenyl, Ar’ is phenyl, E is O, R attached to P is each alkyl or each is aryl, or

one is alkyl and the other is aryl, and nis 1 and m is I,n is 1 and n” is 0 and M is Pd.
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A process for making a compound of structure I as defined in claim 1, said process

comprising reacting a compound of structure II:

Ar'-Ar%-Ar’-E-PR,

wherein Ar!, Ar® and Ar’ . Eand R are as defined in claim 1 and Ar! and Ar° are in a 1.3

relationship on Ar?,

with a salt or complex of M, optionally in the presence of a liganding species.

A process for making a coupled compound comprising reacting a compound of

structure R*X in which R® is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a leaving

group such as halide or triflate, with a. compound V comprising an element M bonded directly

to an alkyl, alkenyl, alkynyl, aryl or heteroaryl group, in which M is an element in one of

groups 1, 2, 11, 12, 13 or 14, in the presence of either:

a compound of structure I in which M=Pd:

@D (Ar'-ArAr-E-PED)R,-), M X oLy

Ar', Ar® and A7 are carbocyclic aromatic groups wherein:

Ar' and Ar® are ina 1,3 relationship on Ar’;

each of Ar' and Ar® optionally comprises one or more ring substituents
of formula YR’, wherein each Y independently is absent or is O, S, B,
N or 5i and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is O or S,2
if YisBorNand3ifY is Si,

Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and AP independently has 5, 6 or 7 ring atoms; and

At is a monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4’ and 6’ positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
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or.3, whereris 1 if'Y is absent or is O or S,2ifYisBorNand 3ifY
is Si;

e Eisabsent or is selected from the group consisting of O, S, NR”, SiR”, and
CR”z;

e M is a complexing metal;

o Xis selected from the group consisting of H, F, Br, Cl, I, OT¥, dba
(dibenzylidene acetone), OC(=0)CF; and QOAc;

o L is absent or is selected from the group consisting of PR™, NR”,, OR”, SR”,
SiR”3, AsR”s, alkene, alkyne, aryl and heteroaryl, each of said alkene, alkyne,
aryl and heteroaryl being optionally substituted, for example with one or more
halogens and/or with one or more R groups as defined herein, wherein if L is
absent, nis not 1;

¢ each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
aryloxy or heteroaryloxy;

e D is absent;

e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than I being optionally substituted, or R, is —Z-linker-
Z-, where each Z independently is O or NH or N-alkyl, and linker is an alkyl
chain of 2-5 carbon atoms in length;

° mislor2;

* nislor2andn’andn’ are integers such that the coordination sphere of M is

filled; and
° M is bonded to a ring atom of Ar® ortho to E; or
e a compound of structure I1:

(ID Ar'-Ar*-Ar’-E-PR,

wherein:

e Ar', A’ and Ar are carbocyclic aromatic groups wherein:
~ Ar'and AP areina 1,3 relationship on Ar2;
~ each of Ar! and Ar? optionally comprises one or more ring substituents

of formula YR’; wherein each Y independently is absent or is O, S, B,
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N or Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl andris 1,2 or 3, where ris 1 if Y is absentorisQor S, 2
ifYisBorNand3ifY is Si,

— Ar' and A’ are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and Ar3'i'ndependent1y has 5, 6 or 7 ring atoms; and

~ Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4’ and 6’ positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, ary! or heteroaryl and ris 1, 2
or 3, where ris 1 if Y is absent or is O or S,2if YisBorNand3ifY
is Si;

o [ isabsent or is selected from the group consisting of O, S, NR”, SiR™; and
CR™;

o each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy; and

o cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”; is ~Z-linker-
Z-, where each Z independently is O or NH or N-alkyl, and linker is an alkyl

chain of 2-5 carbon atoms in length;

and a palladium salt or complex capable of reacting with the compound of structure 11 to form

a compound of structure I in which M=Pd.

13. A process for making a olefinic compound comprising reacting a compound of
structure R°X tn which R is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a

leaving group such as halide or triflate with an olefin in the presence of either:

e a compound of structure I in which M=Pd:
(1) (Ar'-Ar*-Ar’-E-P(=D)R,~),M, X, L»

wherein:

° Ar', Ar and Ar are carbocyclic aromatic groups wherein;
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Ar' and A are in a 1,3 relationship on Ar’

— each of Ar' and Ar° optionally comprises one or more ring substituents

of formula YR’, wherein each Y independently is absent or is O, S, B,

Nor Siand each R’ is independently H, halogen, alkyl, cycloalkyl, aryl

or heteroaryl and r is 1, 2 or 3, where ris 1 if Y is absent or isOorS,?2

ifYisBorNand 3 if Y is Si,

—  Ar'and AP are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar! and Ar® independently has 5, 6 or 7 ring atoms; and
Ar'isa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4 and 6’ positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2
or3, whereris 1if Y is absentoris O or S, 2 if Y is B or N and 3 ifY
is Si;

E is absent or is selected from the group consisting of O, S, NR”, SiR”,

and CR™;

M is a complexing metal;

X is selected from the group consisting of H, F, Br, C1, I, OTT, dba

(dibenzylidene acetone), OC(=0)CF; and OAc;

L 1s absent or is selected from the group consisting of PR, NR”,, OR”,

SR”, SiR”;, AsR™3, alkene, alkyne, aryl and heteroaryl, cach of said

alkene, alkyne, aryl and heteroaryl being optionally substituted, for

example with one or more halogens and/or with one or more R groups as

defined herein, wherein if L is absent, n is not 1;

cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,

aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy;

D is absent;

each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, ary! or

heteroaryl, each other than H being optionally substituted, or R, is —Z-
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linker-Z-, where each 7 independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;
° mislor2;
° nislor2andn’ and n’* are integers such that the coordination sphere of

M
e Mis

is filled; and

bonded to a ring atom of Ar® ortho to E; or

. a compound of structure II:

(II) Ar'-Ar*-Ar’-E-PR,

wherein:

° A-_rl,

o Lis

Ar* and Ar® are carbocyclic aromatic groups wherein;

Ar' and Ar® are ina 1,3 relationship on Ar?;

each of Ar' and Ar® optionally comprises one or more ring substituents
of formula YR, wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or isOorS,2
ifYisBorNand3if Y is Si,

Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and A¢® independently has 5, 6 or 7 ring atoms; and

Arfisa monocyelic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4° and 6 positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, where ris 1 if Y is absent or is O or S,2ifYisBorNand3if Y
is Si;

absent or is selected from the group consisting of O, S, NR”, SiR”; and

CR”E;

e each Ris independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,

aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy; and
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e cach R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R, is ~Z-
linker-Z-, where each 7, independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt or complex capable of reacting with the compound of structure IT to form

a compound of structure I in which M=Pd.

14. A process for making an alkynyl compound comprising reacting a compound of
structure R"X in which R* is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a leaving
group such as halide or triflate with a terminal alkyne in the presence of either:
. a compound of structure T in which M=Pd:

(D (ArAr’-Ar'-E-PED)Ry--3Mp XLy

wherein;

o Ar', Ar and AP are carbocyclic aromatic groups wherein:

- Ar'and Afareina 1,3 relationship on Arz;

— each of Ar! and AP optionally comprises one or more ring substituents
of formula YR’ wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where ris 1 if Y'is absent oris QO or §, 2
if YisBorNand 3ifY is Si,

—  Ar'and Ar are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and Ar® independently has 5, 6 or 7 ring atoms; and

- Arisa monocyclic carbocyelic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4’ and 6” positions by YR’ wherein each Y
independently is absent or is 0O, S,B,NorSiand each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2
or 3, where ris 1 if Y is absent or is O or S,2if YisBorNand3ifY

is Si;
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o E is absent or is selected from the group consisting of O, S, NR”, SiR”,
and CR”;;

° M is a complexing metal;

° X is selected from the group consisting of H, F, Br, CI, I, OTf, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

° L is absent or is selected from the group consisting of PR”;, NR”,, OR”,
SR”, SiR™3, AsR™3, alkene, alkyne, aryl and heteroaryl, each of said
alkene, alkyne, aryl and heteroaryl being optionally substituted, for
example with one or more halogens and/or with one or more R groups as
defined herein, wherein if L is absent, n is not 1;

o each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy;

° D is absent;

o each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”, is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alkyl chain of 2-5 carbon atoms in length;

° mis1or2;

° nis1or2andn’ and n’’ are integers such that the coordination sphere of
M is filled; and

* M is bonded to a ring atom of Ar® ortho to E; or

° a compound of structure II:

(I1) Ar'-Ar’-Ar-E-PR,
wherein:

e Arl, Ar® and Ar® are carbocyclic aromatic groups wherein:
— Ar'and AP areina 1,3 relationship on Ar%;
— each of Ar! and Ar® optionally comprises one or more ring substituents
of formula YR, wherein each Y independently is absent or is O, S, B,

N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
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or heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absentorisQor S, 2
ifYisBorNand3if Yis Si,

~ Ar' and A are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and Ar® independently has 5, 6 or 7 ring atoms; and

—~ Ar'isa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4° and 6’ positions by YR’ wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or hetercaryl and ris 1, 2
or3, where ris 1 if Y is absent oris O or S, 2 if Y is B or N and 3 ity
is Si;

e Eisabsent or is selected from the group consisting of O, S, NR”, SiR”, and
CR™;

e each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy; and

e each R”is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than H being optionally substituted, or R”, is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure II to form a

compound of structure I in which M=Pd.

15. A process for making an amine compound comprising reactifig a compound of
structure R*X in which R is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a leaving
group such as halide or triflate with a primary or secondary amine in the presence of either:
° a compound of structure I in which M=Pd:

(D) (Ar'-Ar-Ar*-E-P(=D)Ry--),MpnX, L,

wherein:

e Ar', Ar’ and Ar® are carbocyclic aromatic groups wherein:
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Ar' and Ar® are in a 1,3 relationship on Ar’;

~ each of Ar! and Ar® optionally comprises one or more ring substituents
of formula YR’ wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and r is 1, 2 or 3, where ris 1 if Y is absent or is O or S, 2
if YisBorNand 3if Y is Si,
Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyelic or polycyclic and each ring of each
of Ar' and Ar® independently has 5, 6 or 7 ring atoms; and
Arfisa monocyclic carboeyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4’ and 6° positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Siand each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, whereris 1 if Y is absent or is O or S,2ifYisBorNand3ifY
is Si;

E is absent or is selected from the group consisting of O, S, NR”, SiR”,

and CR”y;

M is a complexing metal;

X is selected from the group consisting of H, F, Br, CI, I, OT{, dba

(dibenzylidene acetone), OC(=0)CF; and OAc;

L is absent or is selected from the group consisting of PR™,, NR”,, OR”,

SR”, SiR”;, AsR™3, alkene, alkyne, aryl and heteroaryl, each of said

alkene, alkyne, aryl and heteroaryl being optionally substituted, for

cxample with one or more halogens and/or with one or more R groups as

defined herein, wherein if I is absent, nis not 1;

each R is independently alkyl, cycloalkyl, heterocyelyl, heterocycloalkyl,

aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy;

D is absent;

each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than H being optionally substituted, or R”; is —Z-
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linker-Z-, where each 7 independently is O or NH or N-alkyl, and linker is

an

alkyl chain of 2-5 carbon atoms in length;

e mis 1 or?2;

° nis I or2andn’ and n’ are integers such that the coordination sphere of

M
¢ Mis

is filled; and

bonded to a ring atom of Ar® ortho to E;or

e a compound of structure 1I:

(I) Ar*-Ar*-Ar’-E-PR,

wherein:
1
e Ar,

s [ig

Ar? and Ar® are carbocyclic aromatic groups wherein:

Ar' and Ar are ina 1,3 relationship on Ar'z;

each of Ar' and Ar® optionally comprises one or more ring substituents
of formula YR’, wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is OorS§,2
ifYisBorNand3ifY is Si,

Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and Ar® independently has 5, 6 or 7 ring atoms; and

Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4” and 6° positions by YR®, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or3, whereris 1 if Yis absentoris O or S, 2 if Y is B or N and 3 ifY
is Si;

absent or is selected from the group consisting of O, §, NR”, SiR”; and

CR”;

» each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,

aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy; and
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* cach R” is independently H, alky], cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R, is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure 11 to form a

compound of structure I in which M=Pd.

16. A process for making an aryl carbonyl compound, e.g. a ketone or aldehyde or acid or
ester, comprising reacting a compound of structure R*X in which R? is alkyl, alkenyl, alkynyl,
aryl or heteroaryl and X is a leaving group such as halide or triflate with carbon monoxide
and a nucleophile M’-Nu, where Nu = OH, NR,, alkyl, aryl, SR, or OR? where each R? is as
described above, and M’ is H or a Group 1 or Group 2 (alkyl or alkaline earth) metal ion or is
MR, where M is Cu, Ag, Zn, AIR®, GaR”, TIR®, CR®,, SiR", SnR%, PbR®, NR? or AsR®,
where R is alkyl, alkenyl, alkynyl, aryl or heteroaryl, in the presence of either:

e a compound of structure I in which M=Pd:

(M (Ar'-Ar’-Ar’-E-P(=D)Ry--), M X, L
wherein;

° Ar', Ar® and Ar are carbocyclic aromatic groups wherein:

~ Ar'and AP areina 1,3 relationship on Ar%;

— each of Ar' and Ar® optionally comprises one or more ring substituents
of formula YR’, wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently T, halogen, alkyl, cycloalkyl, aryl
or heteroaryl andris 1, 2 or 3, where ris 1 if Y is absent orisQor§, 2
ifYisBorNand3ifY is Si,

~  Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and AP independently has 3, 6 or 7 ring atoms; and

~  Ar® is a monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4* and 6’ positions by YR, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
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independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, where ris 1 if Y is absent or is O or S,2if YisBorNand3if Y
is Si;

° E is absent or is selected from the group consisting of O, S, NR”, SiR”,
and CR™,;

° M is a complexing metal;

o X is selected from the group consisting of H, F, Br, Cl, I, OTf, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

° L is absent or is selected from the group consisting of PR”;, NR”,, OR”,
SR>, S8iR"3, AsR™3, alkene, alkyne, aryl and heteroaryl, each of said
alkene, alkyne, aryl and heteroaryl being optionally substituted, for
example with one or more halogens and/or with one or more R groups as
defined herein, wherein if . is absent, n is not 1;

° cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy;

° D is absent;

° each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”, is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alkyl chain of 2-5 carbon atoms in length;

° mis 1 or2;

o nis1or2andn’and n’ are integers such that the coordination sphere of
M is filled; and

* Mis bonded to a ring atom of Ar® ortho to E; or

° a compound of structute I1:

(I1) Ar'-Ar-Ar’-E-PR,
wherein:

o Ar', Ar’and Ar’ are carbocyclic aromatic groups wherein:

— Ar'and A’ areina 1,3 relationship on Ar*;
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— each of Ar' and Ar’ optionally comprises one or more ring substituents
of formula YR’, wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl andris 1, 2 or 3, where ris 1 if Y is absent orisQorS, 2
if YisBorNand3ifY is Si,

~ Ar' and Af® are each independently carbocyelic and each is
independently monocyclic, bieyclic or polycyclic and each ring of each
of Ar' and Ar? independently has 5, 6 or 7 ring atoms; and

— Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4 and 6’ positions by YR’, wherein cach Y
independently is absent oris O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or3, whereris 1 if Yisabsentoris Oor$,2ifYis B orNand3if Y
is Si;

o Eisabsent or is selected from the group consisting of Q, S, NR”, SiR”, and
CRy;

e each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy; and

¢ each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than H being optionally substituted, or R”, is —7-
linker-Z-, where each 7 independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure Il to form a

compound of structure I in which M=Pd.

17. A process for making a nitrile compound comprising reacting a compound of
structure R"X in which R* is alkyl, alkenyl, alkynyl, ary! or heteroaryl and X is a leaving
group such as halide or triflate with a cyanide in the presence of either:

° a compound of structure I in which M=Pd:

@ (Ar'-Ar’-Ar’-E-P=D)Ry-)uMp XLy
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' Ar® and Ar are carbocyclic aromatic groups wherein:

Ar'and Ar’ areina 1,3 relationship on Ar%;

cach of Ar' and Ar’ optionally comprises one or more ring substituents
of formula YR’; wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1,2 or 3, where ris 1 if Y is absentoris Q or §, 2
if YisBorNand 3 if Y is Si,

Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and Ar? independently has 5, 6 or 7 ring atoms; and

Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2°, 4> and 6° positions by YR’; wherein each Y
independently is absent or is O, S,B,NorSiand each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2
or 3, where ris 1 if Y is absent or is O or S,2if YisBorNand 3ifY

is Si;
° E is absent or is selected from the group consisting of O, S, NR”, SiR”,
and CR”;
. M is a complexing metal;

° X is selected from the group consisting of H, F, Br, Cl, 1, OT{, dba
(dibenzylidene acetone), OC(=0)CF; and OAc;

° Li

s absent or is selected from the group consisting of PR™, NR”,, OR”,

SR”, SiR™3;, AsR™s, alkene, alkyne, aryl and heteroaryl, each of said

alkene, alkyne, aryl and heteroaryl being optionally substituted, for

example with one or more halogens and/or with one or more R groups as

defined herein, wherein if L is absent, n is not I;

° each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,

aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy;

e D is absent;
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° each R” is independently H, alleyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than H being optionally substituted, or R is —7-

linker-Z-, where each 7 independently is O or NH or N-alkyl, and linker is

an

alkyl chain of 2-5 carbon atoms in length;

e mis1or2;

° nis1or2andn’ and n’’ are integers such that the coordination sphere of

M
e Mis

is filled; and

bonded to a ring atom of Ar’ ortho to E;or

o a compound of structure 11:

(II) Ar'-Ar’-Ar’-E-PR,

wherein;

° ArE,

e FEis

Ar® and A are carbocyclic aromatic groups wherein:

Ar' and Ar® are in a 1,3 relationship on Ar?;

each of Ar! and Ar® optionally comprises one or more ring substituents
of formula YR’; wherein each Y independently is absent or is 0,8,B,
N or Si and each R* is independently I, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absentorisOQor S, 2
if YisBorNand 3if Y is Si,

Ar' and AP are each independently carbocyclic and each is
independently monocyelic, bicyclic or polycyclic and each ring of each
of Ar! and Ar® independently has 5, 6 or 7 ring atoms; and

Arlisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4’ and 6° positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Si and each R is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2
or 3, where ris 1 if Y is absent or is O or S,2ifYisBorNand3ifY
is Si;

absent or is selected from the group consisting of O, S, NR”, SiR”, and

CR”z;
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e each Risindependently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy; and

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than I being optionally substituted, or R”; is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure 11 to form a

compound of structure T in which M=Pd.

18. A process for making a phosphorus compound comprising reacting a compound of
structure R"X in which R? is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a leaving
group such as halide or triflate with a phosphorus reagent in the presence of either:

° a compound of structure I in which M=Pd:

M (Ar'-Ar’-Ar*-E-P(=D)R;—),M, X, L~
wherein:

° Ar', Ar’ and Ar® are carbocyclic aromatic groups wherein:

- ArlandArfarcina 1,3 relationship on Arz;

— each of Ar' and AP optionally comprises one or more ring substituents
of formula YR, wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl andris 1, 2 or 3, where ris 1 if Y is absentorisOQorS, 2
ifYisBorNand3ifY is Si,

—  Ar'and AP are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of cach
of Ar! and Af? independently has 5, 6 or 7 ring atoms; and

~ Arffisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the.2’, 4’ and 6° positions by YR’ wherein each Y
independently is absent oris O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
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or 3, where ris 1 if Y is absent or is O or S,2if YisBorNand3ifY
is Si;

o E is absent or is selected from the group consisting of O, S, NR”, SiR™,
and CR™;

° M is a complexing metal:

° X is selected from the group consisting of H, F, Br, Cl, I, OT{, dba
(dibenzylidene acctone), OC(=0)CF; and OAc;

° L is absent or is selected from the group consisting of PR”,, NR”,, OR”,
SR”, SiR™;, AsR™;, alkene, alkyne, aryl and heteroaryl, each of said
alkene, alkyne, aryl and heteroaryl being optionally substituted, for
example with one or more halogens and/or with one or more R groups as
defined herein, wherein if L is absent, n is not.1;

° cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy;

° D is absent;

e each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R™, is —Z-
linker-Z-, where each Z independently is O or NH or N-alkyl, and linker is
an alky! chain of 2-5 carbon atoms in length;

° mis 1 or2;

o nis1or2andn’ and n’ are integers such that the coordination sphere of
M is filled; and

* Mis bonded to a ring atom of Ar’ ortho to E; or

° a compound of structure IT:

() Ar'-Ar’-Ar’-E-PR,
wherein:

o Ar', Al and A’ are carbocyclic aromatic groups wherein:
~ Arland A are in a 1,3 relationship on Arz;
— each of Ar' and Ar° optionally comprises one or more ring substituents

of formula YR’, wherein each Y independently is absent or is O, S, B,
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Nor Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where ris 1 if Y is absent or is O or 5,2
ifYisBorNand3ifY is Si,

Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar' and Ar® independently has 5, 6 or 7 ring atoms; and

Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5° position, and being
substituted in the 2, 4” and 6” positions by YR’; wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, where ris 1 if Y is absent or is O or S,2if YisBorNand3ifY
is Si;

absent or is selected from the group consisting of O, S, NR”, SiR”, and

CR™;

* cach R is independently alkyl, cycloalkyl, heterocyelyl, heterocycloalkyl,

aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy; and

e each

R”is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or

heteroaryl, each other than H being optionally substituted, or R”, is —Z-

linker-Z-, where each 7, independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure IT to form a

compound of structure I in which M=Pd.

19. A process for making an ether comprising reacting a compound of structure R*X in

which R* is alkyl, alkenyl, alkynyl, aryl or heteroaryl and X is a leaving group such as halide

or triflate with an alcohol in the presence of either-

° a compound of structure I in which M=Pd:

) (Ar'-Ar*-Ar-E-P(=D)Ry--),M,, XLy~

wherein:
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Ar', Ar* and A1’ are carbocyclic aromatic groups wherein:
At and Ar® are in a 1.3 relationship on Ar’;
cach of Ar' and Ar® optionally comprises one or more ring substituents
of formula YR, wherein each Y independently is absent or is 0, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where r is1ifY is absentorisQor S, 2
if YisBorNand3ifY is i,
Ar' and Ar® are each independently carbocyclic and each is
independently monocyclie, bicyclic or polycyclic and each ring of each
of Ar' and Ar® independently has 5, 6 or 7 ring atoms; and
Arfisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2, 4> and 6 positions by YR’ wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, where ris 1 if' Y is absent or is O or S,2if YisBorNand3ifY
is Si;
E is absent or is selected from the group consisting of O, S, NR”, SiR”,
and CR”;
M is a complexing metal;
X is selected from the group consisting of H, F, Br, Cl, I, OTf, dba
(dibenzylidene acctone), OC(=0)CF; and OAc;
L is absent or is selected from the group consisting of PR”,, NR™,, OR”,
SR”, SiR™;, AsR”3, alkene, alkyne, aryl and heteroaryl, each of said
alkene, alkyne, aryl and heteroaryl being optionally substituted, for
example with one or more halogens and/or with one or more R groups as
defined herein, wherein if L is absent, n is not 1;
each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, aryloxy or heteroaryloxy;
D is absent;
each R” is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”, is —7-
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linker-Z-, where each 7 independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

° mis1or2;

e nis1or2andn’ and n> are integers such that the coordination sphere of
M is filled; and

¢ M is bonded to a ring atom of Ar° ortho to E; or

° a compound of structure II:

(IT) Ar'-Ar*-Ar’-E-PR,

wherein:

e Ar!

, Ar* and Ar® are carbocyclic aromatic groups wherein:

Ar' and Ar’ are ina 1,3 relationship on Ar%;

cach of Ar! and Ar® optionally comprises one or more ring substituents
of formula YR®; wherein each Y independently is absent or is O, S, B,
N or Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl
or heteroaryl and ris 1, 2 or 3, where r is 1 if Y is absent or is O or S, 2
if YisBorNand 3 if Y is Si,

Ar' and Ar® are each independently carbocyclic and each is
independently monocyclic, bicyclic or polycyclic and each ring of each
of Ar! and A independently has 5, 6 or 7 ring atoms; and

Afisa monocyclic carbocyclic ring having 6 ring atoms, a single
hydrogen atom directly attached thereto in the 5’ position, and being
substituted in the 2°, 4° and 6” positions by YR’, wherein each Y
independently is absent or is O, S, B, N or Si and each R’ is
independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or3,whereris 1 if Yisabsentoris OorS,2if YisBorNand 3if Y

is Si;

e Eis absent or is selected from the group consisting of O, S, NR”, SiR; and
CR”y;

¢ each R is independently alkyl, cycloalkyl, heteroeyclyl, heterocycloalkyl,

aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy; and
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e cach R” is independently H, alky!, cycloalkyl, heterocycloalkyl, aryl or
heteroaryl, each other than H being optionally substituted, or R”; is —7-
linker-Z-, where each 7 independently is O or NH or N-alkyl, and linker is

an alkyl chain of 2-5 carbon atoms in length;

and a palladium salt capable of reacting with the compound of structure I to form a

compound of structure I in which M=Pd.

20.  Use of a compound of structure I as defined in claim 1 in which m=1 or 2 and M=Pd
as a catalyst; optionally for a reaction selected from the group consisting of Suzuki-Miyaura,
Kumada, Stille, Negishi and Hiyama coupling reactions, Heck and Sonogashira reactions,
Buchwald-Hartwig amination, Heck carbonylation, alkoxylation, cyanation, phosphination

and metal mediated coupling reactions.



