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PHOSPHORUS-CONTAINING CATALYSTS

Field.

' [0001] This application relates to novel phosphorus containing catalysts, to processes for

making them and for methods of using them.
Priority

[0002] This application claims priority from Singapore application SG201306533-9 filed 29

August 2013, the entire contents of which are incorportated herein by cross-reference.
Background

[0003] Palladium catalysts are amongst the most‘ well known class of catalysts in all of synthetic
chemistry. They have wide-spread application in both academia and in industry where they
efficiently facilitate the preparation of fine chemicals that are consumed by the pharmaceutical,
polymer and agrochemicals sectors. The sources of their success reside in their activity, atom
economy, selectivity, broad-based applicability and tolerance of various functional groups. As
such, there has been a tremendous amount of effort from both industrial and academic groups to
‘research ahd exploit the vast potential of palladium catalysts that typically eontain phosphine

ligands—most of which was established by empirical success.

[0004] While there is no doubt of the exceptional usefulness of phosphine ligands for metal-
mediated catalysis, theré are examples where phosphine ligands are not the_bést in class for
selected catalytic transformations. One such example is the Suzuki-Miyaura ‘cross-coupling
reaction where ortho-palladated arylphosphinite complexes have been shown to surpass the
activity of their commonly used Pd-phosphine congeners for a variety of substrates. However,
despite the high activity of Pd-phoéphinite catalysts, there has not been significant adoption in
industry as the process to optimize and showcase broad-based applicability with global
recognition throughout the research comrhunity is slow. Notwithstanding, this trend is changing
as the benefits (i.e. ease of synthesis, catalytic acﬁvity, robustness and broad substrate scope) of

" employing phosphinite, phosphonite and phosphite catalysts are emerging with momentum.
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[0005] More recently, particular attention has been aimed at catalyst activity in industry as the
inflationary trend of precious metal commodities is a growing concern. In the past, precious
metal catalysts were only deemed viable for industrial applications if turnover numbers (TONs)
in excess of 10,000 could be achieved. With increasing commodity prices, the performance
benchmarks for precious metal catalysts are also rising as companies manage their expenses and
margins. Furthermore, as organizations move to greener practices, process improvement efforts
to lower the metal content, reduce wastage and improve atom economy in reactions have

become key areas of focus to comply with global sustainability initiatives.

[0006] Despite the catalysis research community trending towards developing greener and more
productive systems, the need to invent highly active catalysts for challenging reactions and new
transformations will always remain high. With a perpetually growing list of new catalysts that
are capable of performing well known reactions, it is becoming increasingly difficult for
scientists, both at the industrial and academic level, to identify which systems are the most
suitable for their application. It is widely acknowledged that examples of catalysts that are
highly effective for a multitude of applications are very limited. Thus, improvements to these
versatile catalyst systems would be of tremendous value to the research community as they
would aliviate the challenging of catalyst selection and improve the synthetic efficiency of
functional molecules by being able to perform a sequence of different catalytic reactions in a

single pot, or under continuous flow conditions.
Summary
[0007] Embodiments of the disclosure may be described by the following statements.

[0007a] In an aspect, there is provided a compound of structure I:

(Ar'-Ar*-Ar’-E-P(=D)Ry--)aM n X Ly
wherein:

° Ar', Ar® and Ar’ are carbocyclic aromatic groups wherein:
- Ar' and Ar’ 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, N or Si and each R’ is independently
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H, halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2 or 3, where ris 1 if Y is absent or is

OorS,2if YisBorNand 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? 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 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,2if YisBorNand3if 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, Cl, I, OTf, dba (dibenzylidene
acetone), OC(=0)CF; and OAc;

o 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 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;

o 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;

. nis 1 or2and n” 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.
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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 II:

Ar'-Ar*-Ar’-E-PR,

wherein Arl, Ar? and AT , 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.

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

a compound of structure III:
Ar'-Ar’-Ar’-E-X
wherein Arl, Ar? and Ar’ and E are as defined above and Ar' and Ar’ are in a 1,3 relationship on
Ar2,
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 =O 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, CI, I, OTY, dba,
OC(=0O)CF; and OAc.

[0007d] 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 [ in which M=Pd;

(D) (Ar'-Ar?-Ar’-E-P(=D)R;--),M, XLy

wherein:
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1 A2 3 : . .
® Ar, Ar” and Ar” are carbocyclic aromatic groups wherein:

Ar' and Ar® 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, 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 O or S, 2if Y
isBorNand3if 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 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, where ris 1

if YisabsentorisOorS,2if YisBor N and 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(=0O)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;

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 —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;

e mislor2;

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

filled; and

e 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:

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

Ar' and Ar® 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, 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 absentoris O or S, 2if Y
isBorNand3if 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 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, where ris 1

if YisabsentorisOorS,2if Yis BorNand 3if Y is Si;

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

CR™;

¢ cach R is 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 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.

[0007e] 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
heteroaryl and X is a leaving group such as halide or triflate with an olefin in the presence of

either:

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

(D) (Ar'-Ar’-Ar’-E-P(=D)R,--),M,, XL,

wherein:

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

— Arfand A 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, N or
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, whereris 1 if Y isabsentoris O or S, 2if Y
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

- 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 r is 1, 2 or 3, where ris 1

if YisabsentorisOorS,2if YisBor N and 3if Y is Si;
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¢ 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(=0O)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 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;

e 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;

emis 1 or?2;

enis 1or2andn’ andn’ are integers such that the coordination sphere of M is
filled; and

e 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:

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

Si and 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 isabsentoris O or S, 2if Y
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

— 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 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 YisabsentorisOorS,2if YisBor N and 3if Y is Si;

¢ E is absent or is selected from the group consisting of O, S, NR”, SiR”; and
CR™;
¢ cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
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-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.

[0007f] 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:

(D) (Ar'-Ar?-Ar’-E-P(=D)R--),M;n Xy Ly
wherein:

1 A2 3 : . .
® Ar, Ar  and Ar’ are carbocyclic aromatic groups wherein:
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— Ar'and A’ areina 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, 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 isabsentoris O or S, 2if Y
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

- 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 r is 1, 2 or 3, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if 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(=0O)CF; and OAc;

e 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;

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

e D is absent;

¢ ecach 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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emis1or?2;

enis 1or2andn’ andn’ are integers such that the coordination sphere of M is

filled; and

e 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:

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

Ar' and Ar® 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, 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 O or S, 2if Y
isBorNand3if 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 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, where ris 1

if YisabsentorisOorS,2if Yis Bor N and 3if Y is Si;

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

CR™;

ecach R

is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,

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-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;

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] In 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:

(D) (Ar'-Ar?-Ar’-E-P(=D)R--),M;n Xy Ly
wherein:

e Ar', Ar’ and Ar’ are carbocyclic aromatic groups wherein:
Ar' and Ar’ are in a 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, 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 absentoris O or S, 2if Y
isBorNand3if 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 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, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if 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;
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¢ X is selected from the group consisting of H, F, Br, Cl, I, OTf, dba
(dibenzylidene acetone), OC(=0O)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 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;

e 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;

emis 1 or?2;

enis 1 or2andn’ andn’ are integers such that the coordination sphere of M is
filled; and

e 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:

e Ar', Ar® and Ar’ are carbocyclic aromatic groups wherein:
— Ar'and Ar’ 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, N or
Si and each R’ is independently H, halogen, alkyl, cycloalkyl, aryl or
heteroaryl and ris 1, 2 or 3, whereris 1 if Y isabsentoris O or S, 2if Y

isBorNand3if Yis Si,
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— 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

— 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 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 YisabsentorisOorS,2if Yis Bor Nand 3if Y is Si;

¢ E is absent or is selected from the group consisting of O, S, NR”, SiR”’; and
CR”;
¢ cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
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-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.

[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, 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 M”Rb, where M” is Cu, Ag, Zn, Ale, GaRb, Tle, Csz, Sinz,
Sanz, Pbsz, NR® or Ast, where R is alkyl, alkenyl, alkynyl, aryl or heteroaryl, in the

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

(D (Ar'-Ar’-Ar’-E-P(=D)R;--)u M, Xyy- Lo

wherein:

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

Ar' and Ar® 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, 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 isabsentoris O or S, 2if Y
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

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 r is 1, 2 or 3, where ris 1

if YisabsentorisOorS,2if Yis BorNand 3if 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(=0O)CF; and OAc;

e [ 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;
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¢ each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,

aryloxy or heteroaryloxy;

e D is absent;

¢ ecach 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;

emis1or?2;

enis 1or2andn’ andn’ are integers such that the coordination sphere of M is

filled; and

e 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:

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

Ar' and Ar® 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, 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 isabsentoris O or S, 2if Y
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

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
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halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2 or 3, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if Y is Si;
¢ E is absent or is selected from the group consisting of O, S, NR”, SiR”; and
CR™;
¢ cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
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-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 a process for making a nitrile 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 cyanide in the presence of either:

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

(D (Ar'-Ar’-Ar’-E-P(=D)R;--)uM;, X ;- L
wherein:

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

— Arfand Afareina 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, 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 absentoris O or S, 2if Y
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
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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, aryl or heteroaryl and r is 1, 2 or 3, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if 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(=0O)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 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;

e 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;

emis 1 or?2;

enis 1 or2andn’ andn’ are integers such that the coordination sphere of M is
filled; and

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

— Ar'and Ar’ are ina 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, 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 O or S, 2if Y
isBorNand3if 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 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, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if Y is Si;

¢ E is absent or is selected from the group consisting of O, S, NR”, SiR”’; and
CR™;
¢ cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
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-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.

[0007j] 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:

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



2r

(D) (Ar'-Ar?-Ar’-E-P(=D)R--),M;n Xy Ly

wherein:

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

Ar' and Ar® 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, 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 O or S, 2if Y
isBorNand3if 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 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 r is 1, 2 or 3, where ris 1

if YisabsentorisOorS,2if YisBorNand 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(=0O)CF; and OAc;

e [ 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;

ecach R

is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,

aryloxy or heteroaryloxy;
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e D is absent;

¢ ecach 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;

emis1or2;

enis 1or2andn’ andn’ are integers such that the coordination sphere of M is

filled; and

e 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:

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

Ar' and Ar® 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, 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 O or S, 2if Y
isBorNand3if 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 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 or 3, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if Y is Si;

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

CR™;
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¢ each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
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-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.

[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:

(D) (Ar'-Ar?-Ar’-E-P(=D)R--),M;n Xy Ly
wherein:

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

— Arfand A 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, 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 absentoris O or S, 2if Y
isBorNand3if 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 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
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halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is 1, 2 or 3, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if 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(=0O)CF; and OAc;

e [ 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;

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

e 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;

emis 1 or2;

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

e 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:

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

— Ar'and Ar’ are ina 1,3 relationship on Arz;
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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 absentoris O or S, 2if Y
isBorNand3if 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 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, where ris 1
if YisabsentorisOorS,2if Yis Bor Nand 3if Y is Si;

¢ E is absent or is selected from the group consisting of O, S, NR”, SiR”; and
CR™;
¢ cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy,
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-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*-Ar*-E-PRy--);Mm Xy Lo
wherein:
e Ar', Ar’ and Ar’ are aromatic groups wherein:
— Ar'and Af’ areina 1,3 relationship on Arz,
— each of Ar', 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, heterocyclyl, cycloheteroaryl, aryl
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or heteroaryl énd ris 1,2 or 3, whereinris 1 if Y is absent oris O or S, 2 if Y is B or
Nand 3if Y is Si,
— Ar', Ar” and Ar’ each is independently carbocyclic of heterocyclic and each is
“independently monocyclic, bicyclic or polycyclic and each ring of each of Arl,. Ar*
and Ar’ independently has 5, 6 or 7 ring atoms;

e Eis absent or is selected from the groupv consisting of O, S, NR”, SiR™;, AsR™, and
CR”; |

e Misa complexing metal; _

e Xis selected from the gfoup consisting of H, F, Br, Cl, |, OTf, dba (dibenzylidene
acetone), OC(=O)CF; and OAc; |

e L isselected from the group consisting of PR3, P(OR”);, NR”;, OR”, SR”, SiR”,
AsR”3, alkene, alkyne, aryl and heteroaryl, each of said alkene, alkyne, aryl and
heteroaryl being optiohally substituted, for example with one or more halo géns and/or
with one or more R groups as defined herein; . _

- o each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyi, aryl or
- heteroaryl, each being optionally substituted with one or more halogens and/or alkyl |
- groups and/or aryl groups;

e eachR”is indepehdently H, alkyl, cycloalkyl, heterocyclyl, hevtero.cycloaAlkyl aryl or
heteroaryl, each other than H being optionally substituted with one or more halogens
and/or alkyl groups and/or aryl groups, 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 »

e mislor2, nrisxl or 2 and n’ and n” are integers suéh that the coordination sphére of M
is filled; | | |

said process comprising reacting a compound of structure II:

| | 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 Arz, - ‘
with a salt or complex of M, optionally in the presence of a liganding species..

[0009] 2. The process of statement 1 wherein no liganding species is present, whereby
=2, said process comprising the subsequent step of exposing the compound of structure I in
which m=2 to a liganding species so as to produce a compound of structure I in which m=1 and

Lis said liganding species or is derived therefrom.
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[00010] 3. The process bf statement 1 or stateineni 2 wherein the liganding species is a
ﬁhosphine, an amine, an alcbhol, a thiol, a silane, an arsine, an olefin, an aromatic compound or -

a heteroaromatic compound.

[0001 1] 4. The process of any one of statements 1 to 3 wherein M is selected from the group
- consisting of Pd, Ni, Pt, Cu, Fe, Co, Au, Ag, Rh, Ir, Ru, Os and Mn.

[00012]5. - The process of any one o‘f statements 1 to 4 wherein the salt or complex of M is a
dba, diene, olefin, allyl, silane, nitrile or organonitrile complex (such as Pd(PhCN),Cl,, Pd(CN),
or Pd(MeCN)4(BF4)2 or Pd(COD)(CHzTMS)z of Pd(NBD)(CHéTMS)z), or a halide or acetate or
cyanide salt or a salt of a pseudohalide, e.g. triflate, of M. ’

[00013] 6. The process of statement 4 wherein M is Pd, Ni or Cu.
[00014] 7. » The process of statement 6 wherein M is Pd.

[00015] 8. A process for making a conipound of structure II as defined in statement 1
comprising reacting a compound of structure I1I: |

| Ar-AR-AP-E-X
* wherein Ar', Ar” and Ar’ and E are as defined above and Ar' and Ar are iﬁ al3 relatibnship on
AL,
with either:
a compound of structure X-PR,, wherein R is as defined in stat.ement 1or
a corhpound of structure X-P(D)R, wherein R is as defined in statement 1, and subsequ'éntly
removing the group D, wherein.D i1s =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, OT{, dba,
OC(=0)CF; and OAc. |

[00016] 9. The process of any one of statements 1 to 8 wherein each ring in Ar', Ar* and Ar®

has independently, 5 or 6 ring carbon atoms.

[00017] 10.  The process of any one of statements 1 to 9 wherein at least one of Ar', Ar* and

AP’ is a fused aromatic ring or a fused heteroaryl ring.



WO 2015/030682 , PCT/SG2014/000413
s o
[00018] 11.  The process of any one of statements 1.to 9 wherein each of Ar', Ar® and AP is

monocyclic, e. g; is a phenyl ring.
[00019] 12.  The process of any one of statements 1 to 11 wherein E is 0, S, NR”; or absent.

[00020] 13.  The process of any one of statements 1 to 12 wherein the R groups on P are both
alkyl or both are aryl or one R is alkyl and one is aryl.

[00021] 14.  The process of statement 8 comprising the step of conducting a metal mediated
cross-coupling reaction of a biaryl compound with an aryl compound so as to produce the

compound of structure I11.

[00022] 15.  The process of statement 14 comprising reacting a compound of structure IV:
Ar'-Ar’A in which A isa léaving group or activating group, €.g. a halogen or a triflate group or
-a boronic acid or boronic ester, and in’which A is meta to Ar' on AP , with a compound of
structure XEAr3A or Ar’A in the presence of an electrophile, so as to produce the compound of

structure IIL

[00023] 16.  The process of statement 15 wherein A is either an electron donating group or an

electron withdrawing grdup.

[00024] 17.  The process of statement 1 comprising:

e providing a 2,4,6- trlalkylblphenyl |
- halogenating said 2,4,6-trialkylbiphenyl in the 3 position ‘

K metallating the resulting halogenated biphenyl and reacting the resulting intermediate -
with an o-halophenol to form a 2-hydroxy-2°,4°,6’-trialkyl-m-terphenyl, or with an o-
dihalobenzene to form a 2-halo-2°,4°,6’-trialkyl-m-terphenyl, and |

e reacting the m-terphenyl with a base and a halodialkylphosphine or
halodiarylphosphine or haloalkylarylphosphine to produce a dialkylphosphinite or
diarylphosphinite or alkylarylphosphinite of 2-hydroxy-2’,4’,6’-trialkyl-m-terphenyl
respectively or else metallating the m-terphenyl and reacting the resulting |
intermediate, optionally in the presence of a copper salt and/or lithium‘ salt, and a
halodialkylphosphine or halodiarylphosphine or haloalkylarylphosphine to produce a
dialkylphosphine or diarylphosphine or alkylarylphosphine respectively, each of said
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dialkylphosphinite or diarylphosphinité or alkylarylphosphinite or dialkylphosphine
or diarylphosphine or alkylarylphosphine being a compound of structure II.

[00025] 18.  The process of statement 17 wherein, in the step of metallating, the intermediate
is reacted with an o-halophenol and the subsequent step comprises reacting the resulting m-
terphenyl with a base and a halodialkylphosphine or halodiarylphosphine or
haloalkylarylphosphine to produce a dialkylphosphinite or diarylphosphinite or
alkylarylphosphiniteof 2-hydroxy-2’,4’,6’-trialkyl-m-terphenyl respectively, each being of
structure II in which E is O.

[00026] 19.  The process of statement 18 comprising the subsequent step of reacting the
compound of structure II with a palladium halide so as to form a compound of structure I as
defined in statement 1 in which E is O, m, n and n’ are all 2, n” is 0 and both R groups are alkyl

or both are aryl or one R is alkyl and the other is aryl. -

[00027} 20.  The process of statement 18 comprising reacting the'compdund of structure II
with a palladium halide in the presence of a phosphine ligand whereby the process forms a
chmpound of structure 1 aé defined in statement 1 in which E is O, m, n and n’ aré all 1,n” is 1
and both R groups are alkyl or both are aryl or one R is alkyl and the other is aryl and L is the
phosphine ligand.

[00028] 21.  The process of statement 19 comprising the subsequent step of reacting the

compound of structure I with a phosphine ﬁgand, e.g. PCys, so as to produce a compound of
structure I as defined in statement 1 in which E is O, m, nand n’ are all 1, n” is 1 and both R
groups are alkyl or both are aryl or one R is alkyl and the other is aryl and L is the phosphine
- ligand, e.g. PCys. | ' |

[00029] 22.  The process of any one of statements 1 to 21 which is conducted as a one pot
process without isolation of intermediates or in which any two or more contiguous steps are

conducted as a one pot process.

[00030] 23. The process of any one of statements 1 to 22 which is conducted as a continuous
reaction or in which any one or more individual steps thereof is (are) conducted as a continuous

reaction.
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[00031]24. A compound of structure I:

(Ar'-Ar*-Ar*-E-P(=D)Ro--)sMuXnLi»

wherein:

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

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

— each of Ar', 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,
whereris 1ifYisOorS,2ifYisBor N and 3 if Y is Si,

— Ar', Ar’ and Ar’ is each independéntly carbocyclic or héterocyclic and each is
independently monocyclic, bicyclic or polycyclic and eacﬁ ring of each of Ar!, Ar?
and Ar’ independently has 5, 6 or 7 ring atoms;

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

CR”z; |

M is a complexing metal,;

X is selected from the group consisting of H, F, Br, Cl, I, OTf, dba (dibenzylidene

acetonc), OC(=0)CF; and OAc; ' - |

L is selected from the grbup consisting of PR, NR”;, OR”, SR”, SiR”3;, AsR”s, alkene,

alkyne, aryl and heteroaryl, each of said alkene, alkyne, aryl and hetéroaryl being

optionally substituted, for example with one or more halogens aﬁd/or with one or more R

groups as defined herein; '

each R is indepcndently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl or

heteroaryl; ' " ,

D is absent or is =S or =O or —Z-linker-Z-, where eéch Z indépendently is O or NH or N-

alkyl and linker is an alkyl chain of 2-5 carbon atoms in length; |

each R” is independently H, élkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl, each

other than H being optidnally substituted, or R”; is —Z-linker-Z-as defined above; and

m is 0 or 1 or 2; wherein:

— ifmis0,nis 1, n’ and n” are 0 and -- is absent; and

— ifmislor2,nis1or2andn’and n” are integers such that the coordination sphere

of M is filled, and D is absent.

[00032] 25. The compound of statement 24 wherein m is 1 or 2 and M is bonded to a ring

atom of Ar’ ortho to E.
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[00033] 26.  The compound of statement 24 or statement 25 wherein E is O or S or NR”. E
may be absent or O. It may be absent. It may be O.

[00034] 27.  The compound of any one of statements 24 to 26 whereinn is 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.

[00035] 28. The compound of statement 27 wherein M is Pd, Ni or Cu.
[00036] 29. The compound of statement 28 wherein M is Pd.

[00037] 30.  The compound of any one of statements 24 to 29 wherein m is 1 or 2 and X is Cl
or OAc. ’

[00038] 31.  The compound of statement 24 wherein m=0. |
[00039] 32. . The compound of statement 24 wherein m=1.

[00040] 33.  The compound of statement 24 wherein m=2 and n” is 0.

[00041] 34. . . The compound of any one of statements 24 to 30, 32 or 33 wherein n=m.

[00042] 35. The compound of any one of statements 24 to 34 wherein each R is
independently selected from the group consisting of alkyl, cycloalkyl, aryl and heteroaryl.

[00043]36.  The Compound of statement 35 wherein each R is alkyl or each is aryl, or one is

alkyl and the other is aryl.

[00044] 37. The compound of any one of statements 24 to 30 or 32 to 35 wherein n” is 0, M
isPdand nis 2. ‘ |

[00045] 38. The compouhd of statement 24 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 n is 1 and either m, n’ and n” are all 0 or

mis 1,n’is 1 and n”is 0 and M is Pd.
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[00046] 39. The compound of statement 24 wherein if E is absent, n is 1 and m, n’ and n” are

all 0.

[00047] In one embodiment of the disclosure, there is provided a compound of structure I:

Ar'-Ar*-Ar’-E-P(=D)R,

wherein:

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

— Ar'and Ar are ina 1,3 relationship on Ar2,

— each of Ar', 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 0or3, whereris 1 if Y is absent, oris Oor S,2if Yis Bor N and 3if Y is Si,

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

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

CR™;

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

heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy, aryloxy

or heteroaryloxys;

D is absent or is =S or =O 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; and

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

each other than H being optionally substituted, or R”; is —Z-linker-Z-as defined

above.

[00048] In one option of this embodiment, and Arfisa phenyl ring substituted in the 1 position

by Ar' and in the 3 position by Ar’ and also substituted in the 2, 4 and 6 positions by alkyl

groups such as methyl groups.

[00049] In a particular example of this embodiment, M is Pd and Arfisa phenyl ring substituted

in the 1 position by Ar' and in the 3 position by Ar’ and also substituted in the 2, 4 and 6

positions by alkyl groups such as methyl groups.
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[00050] In another particular example of this embodiment, M is Pd, Arfisa phenyl ring substituted in

the 1 position by Ar' and in the 3 position by Ar’ and also substituted in the 2, 4 and 6 positions by
alkyl groups such as methyl groups and Ar' and Ar’ each comprise phenyl rings bonded to Ar%, and

each, independently, is optionally fused with another aromatic ring, optionally a heteroaromatic ring.

[00051] In this embodiment, Ar' and Ar’ may each comprise phenyl rings bonded to Ar?, and each,
independently, optionally fused with another aromatic ring, optionally a heteroaromatic ring. In this
embodiment, and in the particular examples thereof, D and E may each, independently, be absent or
may be O. D may be absent. In some options, D and E are both absent. In other options both are O. In
this embodiment, and in the particular examples thereof, E-P(=D)R;, may be ina 1,2- or a 1,3-

relationship with Ar* on Ar’.

[00052] In another embodiment of the disclosure there is provided a compound of structure I:
(Ar'-Ar*-Ar’-E-PRy--)MX, Ly~

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

— Ar'and Ar areina 1,3 relationship on Arz,

— each of Ar', 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 1if Yis absent,orisOor S,2if Yis Bor N and 3if Y is Si,

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

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

e M is a complexing metal;

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

e [ 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
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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
heteroaryloxys;

e Dis absent or is =S or =O 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;

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-as defined above; and

e 1’ and n” are integers such that the coordination sphere of M is filled (e.g. n’=n"=1).

[00053] In one option of this embodiment, and Arisa phenyl ring substituted in the 1 position by
Ar' and in the 3 position by Ar® and also substituted in the 2, 4 and 6 positions by alkyl groups such

as methyl groups.

[00054] In a particular example of this embodiment, M is Pd and Ar” is a phenyl ring substituted in
the 1 position by Ar' and in the 3 position by Ar’ and also substituted in the 2, 4 and 6 positions by
alkyl groups such as methyl groups.

[00055] In another particular example of this embodiment, M is Pd, Arfisa phenyl ring substituted
in the 1 position by Ar' and in the 3 position by Ar’® and also substituted in the 2, 4 and 6 positions
by alkyl groups such as methyl groups and Ar' and Ar’® each comprise phenyl rings bonded to Ar?,
and each, independently, is optionally fused with another aromatic ring, optionally a heteroaromatic

ring.

[00056] In this embodiment, Ar' and Ar’ may each comprise phenyl rings bonded to Ar?, and each,
independently, optionally fused with another aromatic ring, optionally a heteroaromatic ring. In this
embodiment, and in the particular examples thereof, D and E may each, independently, be absent or
may be O. In some options, D and E are both absent. In other options both are O. In this
embodiment, and in the particular examples thereof, E-P(=D)R, may be in a 1,2- or a 1,3-
relationship with Ar® on Ar’. In this embodiment, and in the particular examples thereof, n’ and n”

may be 1.

[00057] In yet another embodiment of the disclosure there is provided a compound of structure I:
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(Ar'-Ar*-Ar’-E-PR,--),My X,

wherein:

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

— Ar'and Af areina 1,3 relationship on Ar2,

— each of Ar', 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 0or3, whereris 1 if Y is absent, oris Oor S,2if Yis Bor N and 3if Y is Si,

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

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

e M is a complexing metal;

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

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

e Dis absent or 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;

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-as defined
above; and

e andn’ is an integer such that the coordination sphere of M is filled (e.g. n’ is 2).

[00058] In one option of this embodiment, and Ar” is a phenyl ring substituted in the 1 position
by Ar' and in the 3 position by Ar’® and also substituted in the 2, 4 and 6 positions by alkyl

groups such as methyl groups.

[00059] In a particular example of this embodiment, M is Pd and Arfisa phenyl ring substituted
in the 1 position by Ar' and in the 3 position by Ar® and also substituted in the 2, 4 and 6
positions by alkyl groups such as methyl groups.
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[00060] In another particular example of this embodiment, M is Pd, Ar® is a phenyl ring
substituted in the 1 position by Ar' and in the 3 position by Ar’ and also substituted in the 2, 4
and 6 positions by alkyl groups such as methyl groups and Ar' and Ar’ each comprise phenyl
rings bonded to Ar?, and each, independently, is optionally fused with another aromatic ring,

optionally a heteroaromatic ring.

[00061] In this embodiment, Ar' and Ar’ may each comprise phenyl rings bonded to Ar?, and
each, independently, optionally fused with another aromatic ring, optionally a heteroaromatic
ring. In this embodiment, and in the particular examples thereof, D and E may each,
independently, be absent or may be O. In some options, D and E are both absent. In other
options both are O. In this embodiment, and in the particular examples thereof, E-P(=D)R, may
be in a 1,2- or a 1,3- relationship with Ar? on Ar’. In this embodiment, and in the particular

examples thereof, n’ may be 2.

[00062] 40. 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:
e acompound of structure I as defined in statement 24 in which m=1 or 2 and M=Pd,
or
e acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt or complex capable of reacting with the compound of structure I to form a

compound of structure I in which m=1 or 2 and M=Pd.

[00063] 41.  The process of statement 40 wherein either R* or compound V or both is

substituted with one or more substituents.

[00064] 42.  The process of statement 41 wherein each of the one or more substituents is,
independently, alkyl, aryl, heteroaryl, halogen, OR”, NR°R¢, BRR®, SiR"; or SiR"R%or
SinRCRd, in which Rb, R® and RY are each independently H, alkyl, alkenyl, alkynyl, OH, amine,
halogen, alkoxyl or aryl.

[00065] 43.  The process of statement 42 wherein compound V is a boronic acid.
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[00066] 44. A process for making.a olefinic compound comﬁrising 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 olefin in the presence of either: '
¢ acompound of structure I as defined in statement 24 in which m=1 or 2 and M=Pd,
or
e acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt or complex capable of reacting with the compound of structure [ to form a

compound of structure I in which m=1 or 2 and M=Pd.

[00067] 45.  The process of statement 44 whetein either R? or the oleﬁn.or both is substituted

with one or more substituents.

[00068] 46.  The process of statement 45 wherein each of the one or more substituents is,
independently, alkyl, aryl, heteroaryl, halogen, OR™, NR”R", BR’R", SiR% or SiR’Rc,0r
SiR’R°RY, in which R®, R® and R%re each independently H, alkyl, alkenyl, alkynyl, OH, amine,
halogen, alkoxyl or aryl group.

[00069] 47. A process for making an alkynyl compound cbmprising réacting 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 termivné.l: alkyne in the prescﬁce of either:
e acompound of structure I as defined in statement 24 in which m=] or 2 and M=Pd,
or |
* acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt capable of reacting with the c‘dmpound of structure I to form a compound of

structure I in which m=1 or 2 and M=Pd.

[00070] 48.  The process of statement 47 wherein R” is substituted with one or more

- substituents.

[00071]49. The process of statement 48 wherein each of the one or more substituents is,
independently, alkyl, aryl, heteroaryl, halogen, OR®, NR°R®, BRR®, Sin3 or SiR°R%or
SiR’R°RY, in which R®, R® and R® are each .independentl.y H, alkyl, alkenyl, alkynyl, OH, amine,
halogen, alkoxyl or aryl.
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[00072] 50. A process for making an amine compound comprising reacting a compound df
structure R*X in which R'a 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:
¢ acompound of structure I as defined in stétement 24 in which m= or 2and M=Pd, or
e acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt capable of reacting with the compound of structure I to form a compound of

structure I in which m=1 or 2 and M=Pd.

[00073] 51.  The process of statement 50 wherein R is substituted with one or more

substituents.

[00074] 52. The process of statement 51 wherein each of the one or more substituents is,
independently, alkyl, aryl, heteroaryl, halogen, OR®, NR°R®, BRR®, SiR"; or _SinRczor
SinRcRd,,in which R?, R® and R¢ are each independently H, alkyl, alkenyl, alkynyl, OH, amine,
halogen, alkoxyl or aryl. | ‘ / '

[00075] 53.. The process of any one of statements 50 to 52 wherein the amine is of the form

R°NH; or R°R'NH in which R® and R’ are, independently, alkyl, alkenyl, hetefoaryl or aryl
groups. '

[00076] 54.. .. A process for making an aryl carbonyl compound, e. g.. a ketone or aldehyde or
~ acid or ester, comprising reacting a compdund 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’ isHora 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®, SnR%, PbR®, NR®or AsR®,
where R" is alkyl, alkenyl, alkynyl, aryl or heteroaryl, in the présence of either:
e acompound of structure I as defined in statement 24 in which m=1 or 2 and M=Pd,
or |
- o acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt capable of reacting with the compound of structure I to form a compound of

structure [ in which m=1 or 2 and M=Pd.

[00077] 55.  The process of statement 54 wherein R® is substituted with one or more

substituents.
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[00078] 56.  The process of statement 55 wherein each of the one or more substituents is,
independently, alkyl, aryl, heteroziryl, haiogeﬁ, OR®, NR°RY, BR°RY, SiR"; or SiR°R%or
SiR°RYR, in which R®, R? and R® are each independently H, alkyl, alkenylb, alkynyl, OH, amine,
halogen, alkoxyl or aryl. | ..

[00079] 57. - A process for making a nitrile compdund 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 cyanide in the presence of either:

e acompound of structure | as defined in statement 24 in which m=1 or 2 and M=Pd,
or |

e acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt capable of reacting with the compound of structure I to form a compound of

structure Iin Wthh m=1 or 2 and M—Pd

[00080] 58.  The process of statement 57 wherein R is substituted with one or more

substituents.

[00081] 59. The‘process of statement 58 wherein each of the one or more substituents is,
independently, alkyi, aryl, heteroaryl, halogen, OR®, NR°RY, BR°RY, SiR’; or SiR°R%or
SiR°RR®, in which R, R and R® are each independently H, alkyl, alkenyl, alkynyl, OH, amine,
halogen, alkoxyl or aryl. '

- [00082] 60. The process of any one of statements 57 to 59 wherein the cyanide is a Group I
metal cyanide or HCN.

[00083] 61. A process for’making a phosphorus compound comprising reaéting 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:
e acompound of structure I as defined in statement 24 in which m=1 or 2 and M=Pd,
or _ | |
e acompound of structure I as defined in statement 24 in which m=0 and a palladium
- salt capable of reacting with the compound of structure I to form a‘cofnpound of

structure I in which m=1 or 2 and M=Pd.
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[00084] 62.  The process of statement 61 wherein R* is substituted with one or more

substituents.

[00085] 63.  The process of statement 62 wherein each of the one or more substituents is,
independently, alkyl, aryl, heteroaryl, halogen, OR®, NR°R?, BR'RY, SiR%; or SiR°R%o0r
SiR°RR®, in which R®, R¢ and R® are each independently H, alkyl, alkenyl, alkynyl, OH, alkoxyl

or aryl.

[00086] 64.  The process of any one of statements 61 to 63 wherein the phosphorus reagent is
XFPsz or X;;_-PRb where X '=’H or h'alide, or X;1s =0 or =S or the phosphorus reagent is a

protected phosphine such as a borane adduct.

[00087] 65. 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:

e acompound of structure I as defined in statement 24 in which m=1 or 2 and M=Pd,
or |

e acompound of structure I as defined in statement 24 in which m=0 and a palladium
salt capable of reacting with the compound of structure I to form a compound of

vstructure I in which m=1 or 2 and M=Pd.

[00088] 66.  The process of statement 65 wherein R? is substituted with one or more

substituents.

[00089] 67. The process of statement 66 wherein each of the one or more substituents ié,
independently, alkyl, aryl, heteroaryl, halogen, OR®, NR°RY, BR°RY, SiR%; or SiR°R%o0r
SiR°RR®, in which R®, RY and R® are each ihdependently H, alkyl; alkenyl, alkynyl, OH, amine,
halogen, alkoxyl or aryl. _ '

[00090] In an embodiment there is provided process for a making a coupied compound
comprising reacting an aryl halide wifh an.ialkyl or aryi boronic acid iﬁ the presence of a
compound of structure Ar'-Ar’-Ar’- PR, in the presence of a metal salt or complex, optionally a
palladium salt or complex, wherein:

o Ar', Ar* and Ar’ are aromatic groups wherein:
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- Ar'and Ar’areinal,3 relationship on Ar,
— each of Ar', 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, whereris 1 if Y is absent, orisO or S, 2if Y is B or N and 3 if Y is Si,
— Ar', Ar® and Ar’ are each independently carbocyclic or heterocyclic and each is
independently rhohocyclic, bicyclic or polycyclic and each ring of each of Ar',
~ Ar’ and Ar’ independently has 5, 6 or 7 ring atoms; and
» cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heterocycloalkyloxy, aryloxy
or heteroaryloxy (e.g both Rs are Cy).

[00091] In another embodiment thert; is provided a process for a making a coupled compound
comprising reacting an aryl halide with an alkyl or aryl boronic acid in the presence ofa
compound of structure (Ar'-Ar*-Ar*-O-PR,--),M> X \
wherein: .
. Arl,.A.r2 and Ar’ are aromatic groups wherein:

~ Ar'and Ar3 areinal,3 relationship on Arz,

— each of Ar', Ar* and Ar® optionally comprises one or more ring substituents of
formula YR’; wherein each Y independently is absent or is O, Sv, B, N or Si and
each R’ is_independently H, halogen, alkyl, cycloalkyl, aryl or heteroaryl and r is

| 1,2 or 3, whereris 1if Y is absent, oris O or S, 2 if Yis B or N and 3 if Y is Si, -

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

e Mis a complexing metal, optionalIy-Pd;-
e X is selected from the group consisting of H, F, Br, Cl, [, OT{, dba (dibenzylidene
acetone), OC(=O)CF3 and OAc; and |
e each R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl, aryl,
heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy, heteroéycloalkyloxy, aryloxy
or heteroaryloxy (e.g. both Rs are alkyl, such as iPr).

- [00092].68. Use of a compound of structure I as defined in statement 24 in which m=1 or 2
and M=Pd as a catalyst.
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[00093] 69.  Use according to Statement 68, being for catalysis of a reactidn selected from the
group consisting of Suzuki-Miyaura, Kumada, Stille, Negishi and Hiyama coupling reactions,
Heck and Sbno gashira reactions, Buchwald-Hartwig amination, Heck carbonylation,
alkéxylation, cyanation, phosphination and metal mediated coupling reactions. The use fnay also
be for catalysis of a fluorination of an aryl compound bearing a leaving group, for example a
haloaryl compound (e.g. a bromoaromatic compound), to the corresponding fluoroaromatic

co,mpound.v
Brief Description of Drawings
[00094] The invention is described with reference to the following‘ﬁgures:

[00095] Figure 1 shows a structural description of the ligands of the present invention, as well
as representative catalyst precursor examples. In the present specification (for example in Figure
1), where reference is made to “A*STAR” compounds, ligands, catalysts etc., those refer to the
compounds, ligands, catalysts etc. of the present invention unless the context indicates

otherwise.

[00096] Figure 2 shows representative cross-coupling transformations using the catalysts of the

present invention.

[00097] Figure 3 shows synthetic routes to *Phinite ligands and the Pd*Phinite catalysts, i.e.

compounds of structure 1 in which E is not absent.

[00098] Figure 4 shows a specific synthesis of *Phinite catalysts according to the invention, i.e.
where E is not absent. It is noted that for the *Phinite series shown in Fig. ‘4, its use in catalysis
may involve in situ reaction of ligand 7 of Fig. 3 with a metal species or may involve use of pre-

catalyst 8 directly.

[00099] Figure 5 shows a synthetic scheme for catalyst precursors (i.e. compounds I in which
'm=0) of the invention. These represent the *Phine series in which E is absent. It is noted that for
“*Phine series shown in Fig. 5, its use in catalysis commonly involves in sifu reaction of ligand 7

with an appropriate metal species.
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[000100] Figure 6 shows different routes to the terphenyl nucleus used in synthesising the
- compounds of the present invention. In Fig. 6, Route 1 proceeds via Suzuki-type coupling;

Route 2 proceeds via a Grignard — electrophile reaction and Route 3 proceeds via benzyne.

[000101] Figure 7 shows a one-pot proceés from compound 4 to *Phine (Compound 7); i.e.
from a biphenyl to a phosphorus-substituted terphenyl. |

[000102] Figure 8 shows a sample reaction for producing a catalyst (Compound I in which
m=1) from the corresponding ligand precursor (Compound I in which m=0) by reaction with a

suitable metal species.

[000103] Figure 9 shows a specific catalyst according to the invention together with its

corresponding ligand precursor.

[000104] Figures 10a to 10c show the nomenclature of compounds used or synthesised in the

Examples.
Description of Embodiments

[000105] For convemence certain terms employed in the specification, examples and appended

claims are collected here and where appopriate, definitions are provided.

[000106] The articles "a" and "an" are used herein to refer to one or to more than one (i.e. to at
* least one) of the grammatical object of the article. By Way of example, "an element means one

element or more than one element.

[000107] The term "nucleophile” is recognized in the art, and as used herein means a chemical

. moiety having a reactive pair of electrons.

[000108] The term "electrophile” is art-recognized and refers to chemical moieties which can
accept a pair of electrons from a nucleephile as defined herein. Electrophilic moieties useful in

the method of the present invention include halides and sulfonates.

000109] The terms "electrophilic atom," "electrophilic center” and "reactive center" as used
P

herein refer to an atom, commonly of a substrate aryl moiety, which is, or may be, attacked by,
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and forms a new bond with an incoming nucleophile. In most (but not all) cases, this will also be

the aryl ring atom from which the leaving group departs.

[000110] The term “leaving group” refers to a molecular fragment that departs with a pair of
electrons in heterolytic bond cleavage. Leaving groups may be anions or neutral molecules.
Exemplary common leaving groups are (but are }not limited to) halides such as Cl, Br, and I, and

~ sulfonate esters, such as tosylate (TsO). Common neutral molecule leaving groups are water and _

ammonia.

[0001 11] The term "electron-withdrawing grdup" is recognized in the art, and denotes a
substituent having a tendency to attract valence electrons from neighboring atoms (i.e. the
 substituent is electronegative with respect to neighboring atoms). The term "electron-donating
group” denotes a substituent having a tendency to donate valence electrons to neighboring atoms
(i.e. the substituent is electropositive with respect to neighboring atoms). A quantification of the
level of electron-withdrawing capability is given by the Hammett sigma (o) constant. This well
known constant is described in many references, such as in Smith, M.B.; March, J. March’s
Advanced Organic Chemistry, 5™ Edition; John Wiley & Sons: New York, 2001; pp 368-375.
The Hammett constant values are vgenerally negative for electron donating groups (c;, =-0.57
for NH,) and positive for electron withdrawing ‘groups (o, = 0.81 for a nitro group), o,
indicaﬁng pafa substitution. Exemplary electron-withdrawing groups include nitro, ketone, ester,
sulfonyl, trifluoromethyl, cyano, chloride, and the like. Exemplary electron;donating groups .

include amino, methoxy, and the like.

[000112] The term “activating groupy” (A) refersto a substitueﬁt on any carbon atom such that
the presence of substituent (A) augments the polarization of the C-A bond to a greater extent
thana C-H or C-C single bond in the same position (direct replacement of A with C or H). In
other words, the bond polarity (measured by the dipole moment, p) p(C-A) > p(C-C), or p(C-A)
> u(C-H). |

[000113] The term “ligand” is an atom, ion, or molecule that donates or shares one or more of
its electrons through a covalent bond with a central atom or ion. It is a complexing group in
coordination chemistry that may stabilize the central atom and may at least partially determine

its reactivity. The term “liganding” or “ligating” refers to the act of the ligand coordinating with
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or complexing with a transition metal. In this specification the term word “liganding species”

includes both charged and neutral ligands.

'[000114] The term “complexing” refers to the act of a ligand coordinating with a transition
metal, or describing the transition metal’s capacity to accept coordination from a ligand to form

a transition metal complex.

'[000115] The term" catalytic amount" or "cat." is recognized in the art and means a sub-
stoichiometric amount of reagent relative to a reactant. As used herein, a catalytic amount means
from 0.000001 to 90 mole percent reagent relative to a reactant, more preferably from 0.001 to
50 mole percent, still more preferably from 0.01 to 5 mole percent reagent to reactant. It may
denote a reagent to reactant mole percent ratio of about 0.001, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2,
0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5 or 5. '

[000116] The term "heteroatom” is art-recognized and refers to an atom of any element other
 than carbon or hydrogen. Illustrative heteroatoms include boron, nitrogen, oxygen, phosphorus,

sulfur and selenium.

[0001 17]‘ The terms "olefin" and “alkenyl” as used herein, means a straighf or branched chain
hydrocarbon containing from 2 to 10 carbons and Contaiﬁing at least one carbon-carbon double
bond. This may be formed by the removal of two hydrogens from adjacent carbon atoms of an
alkane or alkyl group. Representative examples of olefin or alkenyl include, but are not limited
“to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-hexényl, 2-heptenyl, 2-
methyl-1-heptenyl, and 3-deceny1. | ‘ | |

-[000118] The term "alkoxy" means an alkyl group, as defined herein, appended to the parent
molecular moiety through an oxygen atom. Represéntative examples of alkoxy include, but are
not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butbxy, tert-butoxy, pentyloxy, and
hexyloxy.

[000119] The term "alkoxycarbonyl" means an alkoxy group, as defined herein, appended to the
parent molecular moiety through a carbonyl group, represented by -C(=0)-, as defined herein.
Representative examples of alkoxycarbonyl include, but are not limited to, methoxycarbonyl,

ethoxycarbonyl, and tert-butoxycarbonyl.
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[000120] The term "élkoxysulfonyl" as used herein, means an alkoxy group, as defined herein,
appended to the parent molecular moiety through a sulfonyl group, as defined herein.
Representative examples of alkoxysulfonyl include, but are not limited to, methoxysulfonyl,

ethoxysulfonyl and propoxysulfonyl.

[000121] The term "arylalkoxy" and "heteroalkoxy" as used herein, means an aryl group or
heteroaryl group, as defined herein, appended to the parent molecular moiety through an alkoxy
group, as defined herein. Representative examples of arylalkoxy include, but are not limited to,

2-chlorophenylmethoxy, 3-trifluoromethylethoxy, and 2,3-methylmethoxy.

[000122] The term "arylalkyl" as used herein, means an aryl group, as defined herein, appended
to the parent molecular moiety through an alkyl group, as defined herein. Representative

arylalkyl groups include phenylmethyl (a-tolyl), 2-phenylethyl and naphthylmethyl.

[000123] The term “alkoxylalkyl” as used herein means an alkoxy group, as defined herein,
appended to a parent molecular moiety through an alkyl group, as defined herein. Representative
examples of aikoxyalkyl include, but are not limitéd to, tert-butoxymethyl, 2-efhoxyethy1, 2-

| methoxyethyl; and methbxyméthyl. ” ‘

.[000.1 24] Thé term "alkyl” means a straight or branched chain or cyclic hydrocarbon. It may
contain from 1 to 10 carbon atoms or 1to5,0or2to10,0r5to 10,0r 3 to 8 carbon atoms
(wheréin if the alkyl is branched or cyclic, it contains at least 3 carbon atoms, commonly from 3
- to 10 carbon atoms). Representative ef(amples of alkyl include, but are not limited to, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl,
neopéntyl, n-hexyl, cyclopenty! and cyclohexyl.

[000125] The term "alkyl carbonyl'" as used herein, means an alkyl groﬁp, as defined herein,
appended to the parent molecular moiety through a carbonyl group, as defined herein.
Representative examples of alkylcarbonyl include, but are not limited to, acetyl, 1-oxopropyl,

2,2-dimethyl-1-oxopropyl, l-oxobutyl, and l-oxopentyl.

[000126] The term "alkylcarbonyloxy" and "archarbonyloxy" as used herein, means an
alkylcarbonyl or arylcarbonyl group, as defined herein, appended to the parent molecular moiety
through an-oxygen atom. Representative examples of alkylcarbonyloxy include, but are not

limited to, acetyloxy (or more commonly acetoxy), ethylcarbonyloxy, and tert-
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butyl_carbonyloxy. Representative examples of arylcarbonyloxy include, but are not limited to

phenylcarbonyloxy.

[000127] The term "alkylsulfonyl” as used herein, means an alkyl group, as defined herein,
appended to the parent molecular moiety through a sulfonyl group, as defined herein.
Representative examples of alkylsulfonyl include, but are not limited to, methylsulfonyl and

ethylsulfonyl.

[000128] The term "alkylthio" as used herein, means an alkyl group, as defined herein,

| appended to the parent molecular moiety through a sulfur atom. Representative examples of
alkylthio include, but are not 1imited; methylthio, ethylthio, tert-butylthio, and hexylthio. The
terms "arylthio," "alkenylthio" and "arylakylthio," for example, are likewise defined.

[000129] The terms "alkyne" and “alkynyl” as used herein, means a straight or branched chain.
hydrocarbon group containing from 2 to 10 carbon atoms and containing at least one carbon-
carbonb triple bond. Representative examples of alkyne or alkynyl include, but are not limited, to
acetylenyl, i-nropynyl, 2-propynyl, 3-Butyny1, 2-penfynyl, and i-butynyl. It should be noted that
an alkyne, or an alkynyl group, may contain a double bond as well as the triple bond. Therefore,

for example, pent42-ene—4¥yne may be classed as both an alkyne and an alkene.

[000130] The term "amido" as used herein, means -NHC(=0O)-, wherein the amido group is
bound to the parent molecular moiety through the nitrogen. Examples of amido include alkyl
amido such as H;CC(=0)N(H)- and CH3;CH,C(=O)N(H)-. The term “amido” may also refer to
an amine ligand (-NR’,) coordinated to émetal, where R’ is independently H, halogen,y alkyl,
cycloalkyl, heterocyclyl, cycloheteroaryl, aryl or heteroaryl. Examples of a metal coordinated
amido group would be the -N(CH3), groups of tetrakis(dimethylamido)-titanium(I'V),
Ti(N(CH3)y)s, or in tetrakis(dimethylamido)zirconium(IV), Zr(N(CHj;),)s.

[000131] The term "amino” as used herein, refers to radicals of both unsubstitufed and
substituted amines appended to the parent molecular moiety through a nitrogen atom. The two
groups attached to the nitrogen atom are each independently hydrogen, alkyl, alkylcarbonyl,

~ alkyl sulfonyl, arylcarbonyl, or formyl. Representative examples include, but are not limited to
dimethylamino, methylamino, acetylamino, and acetylmethylamino. It should be noted that the

term “amino” may also refer to an amino group with two hydrogen substituents: H,N-.
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[000132] The term "aromatic” refers to a plana_r or polycyclic structure characterized bya .
cyclically conjugated molecular moiety containing 4n+2 electrons, wherein n is the absolute
value of an integer — n may be for example 1, 2, 3, 4 or 5. Aromatic molecules containing fused,
dr joined, rings also are referred to as bicylic aromatic rings, e.g. naphthyl. For example,
bicyclic aromatic rings containing heteroatoms in a hydrocarbon ring structure are referred to as

bicyclic heteroaryl rings.

[000133] The term "aryl," as used herein, means a phenyl group or a naphthyl group. The aryl
groups of the present invention can be optionally substituted with 1, 2, 3, 4 or 5 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxycarbonyl,
alkoxysulfonyl, alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfonyl, alkylthio, alkynyl, amido,
amino, ‘carboxy, cyano, formyl, halo, haloalkoxy, halo alkyl, hydroxyl, hydroxyalkyl, mercapto,
~ nitro, phosphinyl, silyl and silyloxy. ' |

[000134] The ‘te‘rm "arylene," is art-recognized, and as used herein, pertains to a bidentate |
~ moiety obtained conceptually by removing two hydrogen atoms of an aryl ring, as defined

above.

[000135] The term "arylalkyl" or "aralkyl" as used hérein, means an aryl group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of aryl alkyl include, but are not limited to, benzyl, 2-phenylethyl, 3-
phenylpropyl, and 2-naphth-2-ylethyl. |

[000136] The term "arylalkoxy" or "arylalkyloxy" as used herein, means an arylalkyl group, as
defined herein, appended to the parent molecular moiety through an oxygen atom. The term
"heteroarylalkoxy" as used herein, means a heteroarylalkyl group, as defined herein, appended

to the parent molecular moiety through an oxygen atom.

[000137] The term "arylalkylthio" as used herein, means an aryl alkyl group, as defined herein,
- appended to the parent molecular moiety through a sulfur atom. The term "heteroarylalkylthio"
as used herein, means a heteroarylalkyl group, as defined herein, appended to the parent

molecular moiety through a sulfur atom.
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[000138] The term "arylalkenyb" as used herein, means an afyl group, as defined herein,
’a.ppended to the parent molecular moiety through an alkenyl group. A representative example is

phenylethylenyl (phenylethenyl).

[000139] The term "arylalkynyl" as used herein, means an aryl group, as defined herein,
appended to the parent molecular moiety through an alkynyl group. A representative example is

phenylethynyl.

[000140] The term "arylcarbonyl” as used herein, means an aryl grbup, as defined herein, |
appended to the parent molecular moiety through a carbonyl group, as defined herein.

Representative examples of arylcarbonyl include, but are not limited to, benzoyl and naphthoyl.

[000141] The ferm "arylcarbonylalkyl" as used herein, means an arylcarbonyl group, as defined

~ herein, bound to the parent molecule through an alkyl group, as defined herein.

[000142] The term "arylcarbonylalkoxy" as used herein, means an arylcarbonylalkyl group, as

defined herein, bound to the parent molecule through an oxygen atom.

[000143] The term "aryloxy" as used herein, means an aryl group, as defined herein, appended
to the par‘en't‘rﬁolecﬁla‘r moiety through an oXygen atom. The term "heteroaryloxy" as used
herein, means a heterbaryl group, as defined herein, appended to the parent molecular moiety

through an oxygen atom.

[000144] The term "biaryl" or “biphenyl” refers to two covalently bonded aromatic ring
systems. The numbers around the peripheries of the ring systems are the positional numbering
syétems used herein. Likewise, the capital letters contained within the individual rings of the

ring systems are the ring descriptors used herein.

[000145] The term "teraryl" or “triaryl” or “terphenyl” refers to three covalently bonded

aromatic ring systems in a 1, 3 configuration (e.g. a meta arrangement within a 6-membered
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aromatic ring system such as ring B, as demonstrated by the 3-ringed system shown below). The
. numbers around the peripheries of the ring systems are the positional numbering systems used -
herein. Likewise, the capital letters contained within the individual rings of the ring systems are

the ring descriptors used herein.

[000146] Any position on the biaryl or teraryl may be substituted with a substituent
independently selected from the group consisting of alkenyl, alkoxy, alkoxycarbonyl,
alkoxysulfonyl, alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfonyl, alkylthio, alkynyl, amido,
amino, carboxy, cyano, formyl, halo, haloalkoxy, halo alkyl, hydroxyl, hydroxyalkyl, mercapto,
nitro, phosphinyl, silyl and silyloxy.

[000147] The term "phenyl-heteroaryl” and "heteroaryl-heteroaryl" refer to ring systems similar
to those shown above for biaryl or teraryl, wherein one of fhe phenyl rings is replaced with an
heteroaryl ring, as defined below. Any position on the phenyl-heteroaryl or heteroarylheteroaryl
may be substituted with a substituent independently selected from the group consisting of
| alkenyl, alkoxy, alkoxycarbonyl, alkoxysulfonyl, alkyl, a1k>ylcarbonyl, alkylcarbonyloxy,
alkylsulfonyl, alkylthio, alkynyl, amido, amino, carboxy, cyano, formyl, halo, haloalkoxy, halo
alkyl, hydroxyl, hydroxyalkyl, mercapto, riitro, phosphinyl, silyl and silyloxy.

[000148] The term "carbonyl" as used herein, means a -C(=0)- group.
[000149] The term "carboxy" as used herein, means a -CO,H group or a —CO," group.

(000150] The term "cycloalkyl" as used herein, means mono cyclic or multicyclic (e.g. bicyclic,
tricyclic, etc.) hydrocarbons containing from 3 to 12 carbon atoms that is .completely saturated.
or has one or more unsaturated bonds but is not an aromatic group. Examples of a cycloalkyl
group include cyclopropyl, cyclobutyl, cyclopentyl; cyclopentenyl, cyclohexyl and

cyclohexenyl.
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[000151] The term "heterocycloalkyl" as used herein, means a cycloalkyl group, as defined

hérein, in which at least one ﬁng atom has been replaced by a heteroatom, e.g. O, N, S, B, Si

and P. It may refer to a cycloalkyl group which is appended to the parent molecular moiety
through a heteroatom such as O,- N, S, B,‘ Si and P. This term may therefore include mono-

. heteroatomic cyclic alkyls (e.g. piperidine), di-heteroatomic cyclic alkyls (e.g. morpholine) as

well as functionalized cycloalkyls (e.g. cyclohexylamine).

[000152] The term "cyano" as used herein, means a -CN group.
[000153] The term "formyl" as used herein, means a -C(=O)H group.
[000154] The term "halo" or "halogen" means -Cl, -Br, -1, or -F.

[000155] The term "haloalkoxy" as used herein, means at least one halogen, as defined herein,
appended to the parent molecular moiety through an alkoxy group, as defined herein.
Representative examples of haloalkoxy include, but are not limited to chloromethoxy, 2-

ﬂuoroethdxy, trifluoromethoxy, and pentafluoroethoxy.

[000156] The term "haloalkyl" means at least one halogen, as defined herein, appended to the
parent molecular moiety through an alkyl group, as defined herein. Representative examples of
halo alkyl include, but are not limited to, chloromethyl, 2-fluoroethyl, trifluoromethyl, o
pentafluoroethyl, and 2-chloro-3-fluoropentyl.

[000157] The term "heterocyclyl”, as used herein, includes non-aromatic ring systems, |
including, but not limited to, monocyclic, bicyclic and tricyclic rings, which can be completely
saturated or which can contain one or more units of unsaturation (for the avoidance of doubt, the
degree of unsaturation does not result in an aromatic ring system). They may have 3 to 12 atoms
including at least one heteroatom, such as nitrogen, oxygen, or sulfur. For purposes of
exemplification, which should not be construed as limiting the scope of this invention, the
following are examples of heterocyclic rings: azepines, azetidinyl, morpholinyl, oxopiperidinyl,
oxopyrrolidinyl, piperazinyl, piperidinyl, pyrrolidinyl, quinicludinyl, thibmorpholinyl,
tetrahydropyranyl and tetrahydrofuranyl. The heterocyclyl groups of the invention may be
substituted with 0, 1, 2, 3, 4 or 5 substituents indepenaently selected from alkenyl, alkoxy,
alkoxycarbonyl, alkoxysulfonyl, alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfonyl,
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alkylthio, alkynyl, amido, amino, carboxy, cyano, formyl, halo, haloalkoxy, halo alkyl,
hydroxyl, hydroxyalkyl, mercapto, nitro, phosphinyl, silyl and silyloxy. |

[000158] The term "heteroaryl" as used herein, include aromatic ring systems, including, but not

“limited to, monocyclic, Bicyclic and tricyclic rings. They may have 3 to 12 (e.g. 5, 6, 7, 8, 9 or
10) atoms including at least one heteroatom, such as nitrogen, oxygen, or sulfur. For purpoées of
exemplification, which should not be construed as limiting the scope of this invention,
heteroaryl groups may be: azaindolyl, b'enZo(b)thienyl, benzimidazolyl, benzofuranyl,
benzoxazolyl, benzothiazolyl, benzothiadiazolyl, benzotriazolyl, benzoxadiazolyl, ﬁiranyl,
imidazolyl, imidazopyridinyl, indolyl, indolinyl, indazo.lyl, 1soindolinyl, isoxazolyl, isothiazolyl,
isoquinolinyl, oxadiazolyl, oxazolyl, purinyl, pyranyl, pyrazinyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrrolyl, pyrrolo[2,3-d]pyrimidinyl, pyrazolo[3,4-d]pyrimidinyl, quinolinyl,
quinazolinyl, triazolyl, thiazolyl, thiophenyl, tetrahydroindolyl, tetrazolyl, thiadiazolyl, thienyi,
thiomorpholinyl, triazolyl or tropanyl. The heteroaryl groups of the invention may be substituted
with 0, 1, 2, 3, 4 or 5 substituents independently selected from alkenyl, alkoxy, alkoxycarbonyl,
alkoxysulfonyl, alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfonyl, alkylthio, alkynyl, amido,‘
amino, carboxy, cyano, formyl, halo, haloalkoxy, halo alkyl, hydroxyl, hydrq?gya_lkyL mercapto,
nitro, phosphinyl, silyl and silyloxy.

[000159] The term "heteroarylene," is art-recognized, and as used herein, pertains to a bidentate
moiety obtained conceptually by removing two hydrogen atoms from adj acent ring atoms of a

heteroaryl ring, as defined above.

[000160] The term "heteroarylalkyl" or "heteroaralkyl" as used herein, means a heteroaryl, as
defined herein, appended to.the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of heteroarylalkyl include, but are not limited to, pyridin-3-

ylmethyl and 2-(thien-2-yl)ethyl.
[000161] The term "hydroxy" as used herein, means an -OH group.

[000162] The term "hydroxyalkyl" as used herein, means at least one hydroxy group, as defined
herein, is appended to the parent molecular moiety through an alkyl group, as deﬁned herein.
Representative examples of hydroxyalkyl include, but are not limited to, hydroxymethyl, 2-
hydroxyethyl, 3-hydroxypropyl, 2,3-dihydroxypentyl, and 2-ethyl—4-hydroxyhepty1.
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[000163] The term "'mercapto" as used herein, means a -SH group.
[0001 64] The term "nitro" as used herein, means a -NO, group.

[000165] The term "phosphinyl" as used herein includes derivatives of the HsP- group, wherein
- the hydrogens are independéntly replaced with alkyl, adamantyl, fluoroalkyl, cycloalkyl, aryl,
heteroaryl, heterocycyl, aryloxy, or heteroaryloxy groups. '

[000166] The term "silyl" as used herein includes hydrocarbyl derivativés of thé silyl (H3Si-)
group (i.e. (hydrocarbyl);Si-), wherein a hydrocarbyl groups are univalent groups formed by
removing a hydrogen atom from a hydrocarbon (e.g. ethyl, phenyl). The hydrocarbyl groups can
be combinations of differing groups which can be varied in order to provide a number of silyl
groups, such as trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tertbutyldimethylsilyl
(TBS/TBDMS), triisopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxy]methyl (SEM).

[000167] The term "silyloxy" as used herein means a silyl group, as defined herein, which is

appended to the parent molecule through an oxygen atom.

[000168] The definition of each expression (e.g. alkyl, m, n, and the like) when it occurs more
than once in any structure, is intendéd to be independent of its definition elsewhere in the same

structure.

[000169] The terms triflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to
niﬂuordmethanesﬁlfonyl, p-toluenesulfonyl, rhethanesulfonyl, and nonaﬂuorobutanesulfonyl-
groups, respectively. The terms triflate, tosylate, mesylate, and nonaflate are art-recognized and
refer to trifluoromethanesulfonate ester, p-toluenesﬁlfonate ester, methane sulfonate ester, and
nonafluorobutanesulfonate ester functional groups and molecules that contain said groups,

respectively.

[000170] The abbreviations Me, Et, Ph, T{, Nf, Ts, and Ms represent methyl, ethyl, phenyl,
trifluoromethanesulfonyl, nonafluorobutanesulfonyl, p-toluenesulfonyl and methanesulfonyl,
respectively. A more comprehensive list of the abbreviations utilized by organic chemists of
ordinary skill in the art appears in the first issue of each volume of the Journal of Organic

Chemistry; this list is typically presented in a table entitled Standard List of Abbreviations.
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[000171] Certain compounds contained in compositions of the present invention may exist in
particular geometric or stereoisomeric forms. In addition, polymers of the present invention may
also be optically active. The present invention contemplates all such compounds, including cis-
and trans-isomers, R- and S-enantiomers, diastereomers, (D)-isomers, (L)-isom‘ers, the racemic
mixtures thereof, and other mixtures thereof, as falling within the scope of the invention. -
-Additional asymmetric carbon atoms may be present in a substituent such as an alkyl group. All

such isomers, as well as mixtures thereof, are intended to be included in this invention.

[000172] If, for instance, a particular enantiomer of compound of the present invention is
desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral auxiliary,
where the resulting diastereomeric mixture is sepérated and the auxiliary group cleaved to
provide the pure desired enantiomers. Alternatively, where the molecule contains a basic
functional group, such as amino, or an acidic functional group, such as carboxyl, diastereomeric
salts are formed with an appropriate optically-active acid or base, followed by resolution of the
diastereomers thus formed b}.l fractional crystallization or chromatographic means well known in

the art, and subsequent recovery of the pure enantiomers.

[000173] It will be understood thét ".subs't»itution" or "subsvtituted with" includes the implicit

- proviso that such substitution is in accordance with permitted valence of the substituted atom
and the substituent, and that the substitution results in a stable compound (e.g. which does not
spontaneously undergo transformation such as by rearrangenient, cyclization, eliminé;tion, or

other reaction).

[000174] The term "subsﬁtuted" is also contemplated to include all permissible substituents of
organic compounds. In a broad aspect, the permissible substituents include écyclic and cyclic,
branched and unbranched, carbocyclic and heterocyclic, éromatic and non-aromatic substituents
of organic compounds. [llustrative substituents include, for example, those described herein
above. The permissible substituents may be one or more and the same or different for
appropriate organ.ic.vcompounds. For purposes of this invention, the heteroatoms such as
nitrogen may have hydro geﬁ substituents and/or any permiésible substituents of organic
compounds described herein which satisfy the valences of the heteroatoms. This invention is not

intended to be limited in any manner by the permissible substituents of organic compounds.
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[000175] The phrase "protecting group” as used herein means temporary substituents which.
protect a potentially reactive functional group from undesired chemical transformations.
Examples of such protecting groups include esters of carboxylic acids, silyl ethers of alcohols,
and acetals and ketals of aldehydes and ketoneé, respectively. The field of protecting group
chemistry has been reviewéd (Greene, T.W.; Wuts, PGM Protective Groups in Organic
Synthesis, 2" Edition; Wiley: Néw York, 1991). Protected forms of the inventive compounds

are included within the scope of this invention.

[000176] A "polar solvent" means a solvent which has a dielectric constant (&r), also known as
relative permittivity, of 2.9 or greater, such as DMF, THF, ethylene glycol dimethyl ether,
DME, DMSO, acetohe, acetonitrile, methanol, ethanol, isopropanol, n-propanol, t-butanol or 2-
methoxyethyl ether. Preferred polar solvents are DMF, DME, NMP, and acetonitrile. A “non-
polar” solvent is a solvent which is not a polar solvent, i.e. has a dielectric constant of less than

2.9.

{000177] An "aproﬁc solvent" means a non-hucleéphilic solvent having a boiling point range
above ambient temperature, preferably from about 20 °C to about 190 °C, more preferably from
about 80 °C to about»160 °C, most preferably from about 80 °C to 150 °C, at atmospheric
pressure. Examples of such solvents are acetonitrile, toluene, DMF, diglyme, THF or DMSO.

[000178] A "polar, aprotic solvent" means a polar solvent as defined above which has no
available hydrogens to exchange with the compounds of this invention during reaction, for .

example DMF, acetonitrile, diglyme, DMSO, or THF.

[000179] A "hydroxylic solvent” means a solvent that comprises a hydroxyl moiety; for

example, water, methariol, ethanol, fert-butanol, and ethylene glycol are hydroxylic solvents.

[000180] For purposes of this invention, the chemical elements are identified in accordance with
‘the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics, 670
Edition, 1986-87, inside cover. |

[000181] The following abbreviations may bé used in the present specification:
cat. = catalytic

Me = methyl

iPr = isopropyl
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tBu = fert-butyl -
'Cy = cyclohexyl

Ph = phenyl

Mes = mesityl? or 2,4,6-trimethylphehyl

TIP = TIPP = 2,4,6-tri-isopropylphenyl

DIBAL = Diisobutylaluminum hydride

OTf =triflate, or triﬂudromethanesulf@nate

OTs = tosylate, 4-toluenesulfonate

OMs = mesylate, or methanesulfonate

OAc= acetate

dba = dibenzylideneacetone

PhMe = toluene
 DCM = dichloromethane

~ Diox = 1,4-dioxane
THF = tetrahydrofuran

DMF = diinethylformamide .

Selectfluor = 1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) -
PEPPSI-iPr = [1,3FBis(Z,6—Diisopropylphenyl)imidazol-2-ylidene] (3-
chloropyridyl)palladium(II) dichloride - ' B
PEPPSI-SIPr = (1,3-Bis(2,6-diisopropylphenyl)imidazolidene) (3 -Chloropyridﬂ) palladium(II)
dichloride o

SPhos = 2—DicyclbheXylphosphind—Z’,6 '-dimethoxybiphenyl

XPhos = 2-Dicyclohexylphosphino-2',4’,6'-triisopropylbiphenyl

RuPhos= 2-Dicyclohexylphosphino-Z’,6'-diisopropoxybiphényl

DavePhos = 2-Dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl

TON = Turnover number

[000182] The invention relates to phosphorus-containing catalysts which contain phosphorus
substituents. These are based on the meta-terphenyl ring structure shown earlier under the
definition of “teraryl”. The phosphorus atom is commonly attached to one of the terminal phenyl
rings of this étructure, either directly or through a spacer atom (O, S, N, Si, As or C), commonly
to a carbon of the meta-terphenyl structure in position 2 or 3. It will be recognised that if the
spacer atom is N, Si, As or C, it will have one or more other subsituents as well. These

substituents may be hydrogen, or may be alkyl, aryl or related groups. The phosphorus atom, as
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well as Being bonded (optionally through a spacer atom) to the meta-terphenyl ring structure,.
has two other substituents each of which may be alkyl, aryl or related groups. The phosphorus
atom is also complexed to a metal atom. The metal atom may be any suitable metal atom
capablevof complexing with phosphorus. It is commonly a transition metal. It may be a Group 8,
9, 10 or 11 transition metal. Suitable metals include Pd, Ni, Pt, Cu, Fe, Co, Au, Ag, Rh, Ir, Ru,

Os and Mn. In many examples the metal atom is palladium.

[000183] The metél M may have an ion or other atom or group X associated with it. This may
be for example H, F, Br, Cl, 1, OT{, dba (dibenzylidene acetone), OC(=0O)CF3 and OAc. It vﬁll
be understood that the metal M should have its coordination sphere filled. This may be
accomplished in a number of ways:

e It may have aligand L liganded thereto. L may be for example a phosphine, phosphate,
an amine, alkoxy, thioalkoxy, silane, arsine, alkene, alkyne or other liganding species.

e It may be liganded to the meta-terphenyl ring system, so as to form a ring cémprising
two adjacent carbon atoms on a terminal ring of the meta-terphenyl ring system, the
metal atom, the phosphorus atom and optionally the ‘spacer atom.

e The catalyst may be dimerised through the metal atom. Thus the dimer may comprise a |
ring comprising two non-adjacent metal atoms and two X groups, where each metal
atom is coupled to a terphenyl group (optionally identical terphenyl groups) as described

above.

[OOOvl 84] Thus in a broad form of the invention the catalyst is a compound which comprises the
(Ar'-Ar*-Ar’ -E-PRz--)M group, in which E may be absent or may be a spacer atom. Commonly
each of Ar', Ar* and Ar’ is a phenyl ring, i.e. a monocyclic homoaromatic (aryl) ring and Ar'
and Ar’ are in a meta relationship on Ar’. More broadly, each Ar group should be monocyclic
and each, independently, may be aromatic or heteroaromatic. Suitable heteroaromatic rings
include pyridine, pyrazole, thiophene, pyrole. In particular embodiments each, indepedently,
may be 5 membered or 6 membered. In some embodiments they are each 6 membered aromatic
or heteroarématic rings. In many embodirnents, Ar', Ar? and Ar are all monocyclic carbocyclic.

aromatic rings.

[000185] In the case where E is a spacer atom (e.g. O) and m is 0 and nis 1 (i.e. the
| uncomplexed li gand), there may be at least one unsubstituted ring carbon atom ortho to the

carbon atom to which E is attached in Ar’. This allows for complexing of a metal atom such as
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Pd both to the P atom attached to E and to the ortho carbon atom of Ar’ so as to form a 5-
., membered rmg Thus if E is attached to Ar® ortho to Ar?, the carbon atom of Ar® meta to Ar* and
ortho to E may have a hydrogen atom, and if E is attached to Ar® meta to Ar’, the carbon atom
of Ar’ between Ar” and E or the carbon atom para to Ar” and ortho to E may have a hydrogen

atom.

[000186] The compounds of the invention may therefore be regarded as ligands based on the
meta-terphenyl aromatic nucleus having phosphorus containing groups attached to a terminal
ring of the nucleus, as well as metal complexes in which sﬁch a ligand is complexed to a metal
atém or ion. It will be unbderstood that other groups may also be complexéd to the same metal

~ atom or ion, e.g. counterions or other liganding species. In some instances, more than one (e.g. -

2) of the meta-terphenyl based ligands may be complexed to the same metal atom or ion.

[000187] The spacer atom may be absent (in which P is directly attached to Ar’), or may be, for |
example O, S, N, Si or As or some other suitable atom. In the case of divalent atoms (O, S), this
will represént Ein strucﬁire L howéver if the spacer atom has a valency greatér than 2, the group
E will comprise the spacer atom with suitable substituents. These may be H, alkyl, cycloalkyl,
heterocyclyi, heterocycloalkyl aryl or heteroaryl. Each of these, other than H, may be |
substituted, for example with one or more halogens and/or alkyl groups and/or aryl groups. In
some instances R, may form a riﬁg with the spacer atom, i.e. may be —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. ' |

[000188] Specific examples of the catalysts of the invention include:

‘o (Ar'-Ar’-Ar’-E-PRy--)MXL in which E is attached to position 2” of Ar’ and M is
attached to position 3” of Ar’. In a specific example, E is O and M is Pd.

o (Ar'-Ar’-Ar’-E-PR,--)MXL in which E is attached to position 3” of Ar® and M is
attaqh‘ed' tc; position 2” of Ar’. In a specific example, E is O and M is Pd.

o (Ar'-Ar*-Ar’- PRy--)MX, Ly in which P is attached to position 2” of Ar’. In a
specific example, M is Pd. | .

° (Arl-Arz-Ar-3 - PR;--)MX,-Ly» in which P is attached to position 3” of Ar’.Ina
specific example, M is Pd. |
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. (Arl-ArZ-Ar3-E-PR2--)7_M2X2 which is a dimer through the two MX pairs and in
 which each E is attached to position 2” of Ar’ and each M is attached to position 3.
of Ar3_. In a specific example, E is O and M is Pd.
) (‘Arl-Arz-Ar3 -E-PR;3--),M>X; which is a dimer through the two MX pairs and in
which each E is attached to position 3” of Ar® and each M is attached to position 2”
- of Ar’. In a specific example, E is O and M is Pd.
. (Ar.¥‘fAr27Ar3-EfP'R27-)_2MX2 in which each E is attached to position 2” of Ar’ and
each M is aftached to position 3” of Ar’. In a specific example, E is O and M is Pd.
In another specific example E is absent and M is Pd. ,
o (Ar-Ar-Ar*-E-PR,--),MX, in which each E is attached to position 3” of Ar’ and
each-M is attached to position 2” of Ar3. In a specific example, E is:O and M is Pd.

' In another specific example E is absent and M is Pd.

[000189] In the formula (Ar'-Ar*-Ar’-E-PRy--);MpXqp-Ly» commonly m and n are the same
although in some examples (as noted above), m may be 1 and n may be 2. Thus if the catalyst is
a monomeric species, n is 1 and there is‘commonly only one metal atom attached. In this case, it
is common for X and L to also be 1 however this will depend on the nature (in particular the |
coordination sphere) of M. If the catalyst is a dimeric species, n is 2 and, since the dimerisation
is commonly through the M-L pair, m and n’ will be 2. In this case, n” is commonly »O.v Thus -
common values for m, n, n’ and n” are: 1, 1, 1, 1 respectively or 2, 2, 2, 0. However if m and n
are both 1, n’ and n” may be greater than 1 (e.g. 2, 3 or 4) if necessary to fill the coordination

_sphere of M. In this context, the “coordination sphere” refers to the first coordination sphere of
the metal atom M. Additionally, the term “metal atom” should be taken to include ions of the
metal, i.e. a metal atom having one or more electrons removed‘ therefrom. In certain instances,
the catalyst may be trimeric or larger. The skilled person will readily appreciate suitable values
for m, n, n’ and n” for such species from the above description of the dimer. Thus, suitable

ranges for m, n and n’, independently, include 1, 2, 3 or 4 and for n” include 0,1,2,30r4.

[0001 9O]>Ir‘1 some embodiments the central riﬁg Ar” has a single hydrogen atom difectly
attached theretd. In particular, it may be a monocyeclic aryl ring having a single hydrogen
-attached thereto. The single hydrogen atom may be in position 5°. As Ar' is attached at position
1’ and Ar’ is attached at position 3°, Ar® may be substituted at positions 2°, 4’ and 6’. These
substituents may be identical or they may be different. They may be alkyl groups. They may be
C1 to C6 alkyl groups. They may for example be methyl, ethyl, 1-propyl, 2-propy1, 1-n-butyl, 2-
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n-butyl, tert-butyl, 1-n-hexyl, cyclopentyl or some other alkyl group. Each of these may be

| ~ unsubstituted or may be substituted, e.g. with one or more halogens or one or more aryl groups.

[000191] In some instances D is absent. In other instances D is =S or =O. In yet other instan_ces,
D is —Z-linker-Z-, where each Z independently is O or NH or N-alkyl and linker is an alkyl
chain of 2-5 (e.g. 2, 3, 4 or 5) carbon atoms in length

[000192] The R gtoups attached to P may be alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, héterocyclyloxy, heterocycloalkyloxy, aryloxy or
heteroaryloxy. In many instances the R groups on P are the same. They may, independently, be
- bulky groups. They may for example be alkyl groups which are branched from the carbon
attached to the phosphorus (e.g. i-Pr, t-Bu, 1,1-dimethylethyl), or may be cycloalkyl or
heterocyclyl groups in which a ring atom is attached directly to the phosphorus (e.g. cyclohexyl,
ccyclopentyl, N-morpholinyl, 2-morpholinyl), or may be aromatic or heteroaromatic groups (e.g. .
phenyl, naphthyl, pyridyl, benzothiophenyl). In certain embodiments, the R groups are not
adamantyl groups. They may not be cage groups. They may not be bicyclo- or tricyclo-aliphatic -
| compounds They may have no ring structures. In some embodlments the two R groups together
with the phosphorus atom to which they are attached form a non-aromatic, optionally saturated |

ring.

[000193] In one embodiment there is provided a compound of structure
(Ar'-Ar*-Ar’-E-PR,--)MXL

wherein:

e Ar'and Ar’ are aryl groups, and Ar® is a monocyclic aryl group,

o Aris unsubstituted at position 5’ and is substituted at positions 2°, 4° and 6’ by C1
to C6 alkyl groups and is substituted at position 1° by Ar* and at position 3’vby Ar’;

e EisabsentorisO;

o cither E is attached to position 2” of Ar® and M is attached to position 3” of Ar’ or E
is attached to position. 3” of Ar® and M is attached to position 2” of Ar®

e M is a complexing metal selected from the group consisting of Pd, Ni, Pt, Cu, Fe,
Co, Au, Ag, Rh, Ir, Ru, Os or Mn |

e X is selected from the group consisting of Cl, OTf, dibenzylidene acetone,
OC(=0)CF; and OAc; ’
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o L is selected from the group consisting of PR, NR”;, OR”, SR”, SiR”;, AsR”,
alkene, alkyne, aryl and heteroaryl,

e cach R is independently alkyl, aryl, heteroaryl, alkyloxy, aryloxy or heteroaryloxy;
and '

e cachR”is independently H, alkyl, aryl or heteroaryl.
[000194] In another embodiment there is provided a compound of structure.
(Ar'-Ar*-Ar’-E-PR,--),M, Xy

wherein: _ '
o Ar! and Ar’ are aryl groups, and Ar® is a monocyclic aryl group,
e Ar'is unsubstituted at position 5° and is substituted at positions 2°, 4’ and 6’ by C1

to C6 alkyl groups and is substituted at position 1° by Ar' and at position 3’ by Ar’;

e Eis absent br is O; |

Q either E is attached to position 2” of Ar’ and M is attached to position 3” of Ar® or E
is attached to position 3” of Ar® and M is attached to position 2 of Ar®

e Mis a complexing metal selected from _the group consisting of Pd, Ni, Pt, Cu, Fe,
Co, Au, Ag, Rh, Ir, Ru, Os or Mn

e Xis selected from the group consisting of Cl,‘OTf, dibenzylidene acetone,
OC(=0)CF; and OAc;

. éach R is independently alkyl, aryl, heteroaryl, alkyloxy, aryloxy or heteroaryloxy;
and

e cach R” is independently H, alkyl, aryl or heteroaryl.

~ [000195] The synthesis of the com'pounds of the invention may be accomplished by a variety of
routes. If E 1s absent, i.e. phosphorus is directly attached to the teraryl ring structure, a 2- or 3-
halosubstituted teraryl compound may be reacted with a suitable phosphorus compound in order
to attach the phosphorus to the ring. The halide in this instance may be chlorine, bromine or
iodine. The coupling may for example be a Cu(l) and/or Li and/or Mg mediated coupling of the
teraryl halide with a halophosphorus compound (e.g. HalPRz), or by formation of a Grignard
| reagent of the teraryl halide and reaction with a halophosphorus compound. In these couplings,
Cu(I) may be used in catalytic quantities to perform the phosphination of the teraryl scaffold.
However, Cu(I) may in some cases also be used in stoichiometric quantities. By contrast in these

reactions Li and Mg are used in stoichiometric quantities or greater.
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[000196] If E is present, the introduction of phosphorus may be accomplished from the
corresponding —EH substituted teraryl compound, i.e. the teraryl -compound in which an —-EH
group is present in the location on the ring system where the —EP group is to be introduced. In
this case, treatment with a base of sufficient strength to abstract the H from the —EH group
forms an anion which can then be reacted with a halophosphorus compound to form the desired
phosphorus compound. Suitable bases include sodium hydride, potassium hydride, lithium

hydride, tert-butoxide, lithium diisopropylamide etc.

[000197] Reaction of the above phosphorus compounds with a salt MX, (where a and b are
appropriate for valencies of M and X) may provide the dimer compound
(Ar'-Ar*-Ar’-E-PRy--);M>X,. A suitable metal salt in this instance include PdCl, so as to
produce the dimer (Ar'-Ar*-Ar’-E-PR,--),Pd,Cl,. Reaction of this dimer with a suitable
complexing species (e.g. L, as described earlier) can then provide the monomerié species
(Ar'-Ar*-Ar’-E-PR,--)MXL. In order to introduce ligands L which are not neutral compounds,
e.g. NRy, it is useful to react the dimer with a salt of the ligand, e.g. LiNRz.

[000198] The compounds of the invention are useful as catalysts. They may be useful as
catalysts in Sﬁzuki-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. They may be useful in aryl-
aryl coupling reactions such as Suzuki;Miyaura (or Suzuki) coupling reactions. They may be
useful in aryl-vinyi coupling reactions. Many of the reactions that may be catalysed by the
catalysts of the invention involve coupling unsaturated species to other species, often to other
unsaturated species. The unsaturated species may be olefins, alkynes or aromatic or

- heteroaromatic compounds. The coupling niay involve formation of carbon-carbon bonds

between the two species. In some instances oﬂe of the species is a small molecule or ion such as

carbon monoxide or cyanide in which case the coupling may represent the introduction of a

functional group into a molecule. The catalysts may be useful in catalysing the conversion of

aryl halides (e.g. chlorides, bromides) or other aryl compounds bearing a suitable leaving group,
to the corresponding fluorides. The aryl halides may be substituted, e.g. with heteroaromatic
groups or may be fused with heteroaryl rings. This reaction may comprise reaction of the aryl
compound with a fluoride salt in the presence of a catalytic amount of the metal (e.g. palladium)

complexes described herein. The fluoride salt may be for example potassium fluoride, caesium
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fluoride and/or silver fluoride. In addition to halides as leaving groups, other suitable groups

include triflate, tosylate etc.

[000199] The compounds of the invention may be useful in the coupling of aryl halides (e.g.
aryl bromides) to other species. The other species may be boronic acids or esters thereof, e.g.
aryl boronic acids or esters or alkyl boronic acids or estérs, or may be Grignard reagents, e.g.

" aryl Grignard reagents, or may be olefms,ve.g. acrylic acids or derivatives (esters, amides etc.)
thereof. In the case of coupling with acrylic acids or derivatives thereéf they may add to the f3-
carbon atom to form styrene derivatives or related compounds. They may be useful in reactions
: -Whlch are capable of being catalysed by palladium catalysts. Reaction conditions typically
include temperatures of from about 20 to about 150°C in a solvent. Temperatures may be about
20 to 100, 20 to 50, 50 to 150, 100 to 150 or 50 to 100°C, e.g. about 20, 30, 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140 or 150°C. The catalysts are generally insensitive to protic solvents,
so-any solvent system capable of dissolving catalyst and reagents may be used. Depending on
the particular reagents, suitable solvents include toluene, THF, DMF, DMSO, HMPT, HMPA,

~ dioxane etc. The reactions are commonly conducted in the presence of a base. This may be for
example a basic salt, sﬁch as a carbonate, phosphate etc. It may be a strong base such as hydride
(in which case the sblvent should not be protic). Reaction times will depend on the particular
catalyst and reagents, a'svwell as the temperature and, in some cases, the solvent. Typical
reaction times are from about 1 to abopt 50 hours, and may be from 1 to 20, 1 to .10, 1to5,5to
50,1010 50,ﬂ20 to 50, 5 to 20, 10 to 20 or 5 to 10 hours, e.g. about 1, 2, 3_, 4,5,6,7,8,9,10,15,

20, 25, 30, 35, 40, 45 or 50 hours or more in some cases.

[000200] The catalysts of the present invention may be added to a reaction mixture, or a
precursor thereto may be added together with a metal species capable of generating the active
catalyst >in situ. Thus, for example, a catalyst of formula I in which.m is 1 or 2 may be used
directly. This will typically be in cases where E is absent, i.e. the phosphorus atom is directly
attached to the.terphenyl nucleus. Alternatively, a ligand of formula I in which m is 0 (i.e.
having no metal atom) may be used together with a metal species, e.g. a metal salt or metal
complex, so as to form the catalyst of formula I in situ. In this case, the metal salt may be for
example a chloride, a bromide, an iodide or some other salt of the metal and a suitable metal
complex may be for example a dibenzylideneacetone complex. This will typically be in cases
where E is present, commonly E is O, i.e. the phosphorus atom is attached to the terphenyl

nucleus by E. The catalyst (or a precursor thereto) may be used in catalytic amounts. It may be
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used in an amount of about 0.1 to about 10% on a mole basis relative to the substrate and/or
reagent(s). It may be used in an amount of about 0.1 to 5, 0.1 to 2,0.1to1,0.1t00.5,0.5t0 10,
1t010,2t010,5t010,0.5t05,0.5t0 1, or 1 to 5 % on a mole basis, e.g. about 0.1, 0.2, 0.3, |
0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6, 7, 8,9 or 10% on a mole basis.

[000201] The-invention described herein relates to the synthesis and development of catalysfs
incorpbrating terarylphosphinite, terarylphosphonite, terarylphosphite and terarylphosphine ;
ligands for metal-mediated cross-coupling reactions. This invention encompasses the
devélopment of methodology to prepare a series of novel terarylphosphinite [Ar;O-PR';],
terarylphosphonité [Ar;0-PR'(OR")], terarylphosphite [Ar;O-P(OR'’);] and terarylphosphine
[Ar;PR';] ligand sets that possess versatility and tunability in both electronic and steric features -
(Figure 1). These purpose-built teraryl ligands form highly active homogeneous catalysts when
complexed to transition metals and are either competitive with, or superior to, the current class-
leading catalytic systems for an array of cross-coupling transformations (Figure 2) and capable

of achieving outstanding TONS in excess of 10° for a broad spectrum of substrates.

[000202] While Pd-mediated coupling reactions are very well known, there is a growing need
for catalysts of higher efficiency and robustness to offset the rising commodity costs of precious
metals. The catalyst systems of the present invenﬁon have been shown to be competitive with, |
and in numerous cases superior to, the most active catalysts known to date for Pd-mediated
cross-coupling reactions such as the Suzuki-Miyaura transformation for a broad range of
substrates. Furthermore, we have established the orthometallated catalyst systems’ inherent
stability to air and moisture, which enables reactions to be performed on the bench and free of
inert atmosphere handling techniques. We have also demonstrated the system’s effectiveness for
coupling reactions in aqueous media, which is an attractive feature for biological applications
and supports the increasingly important global green initiati‘vé. With high productivity, low
imposing metal content, atom economy, low waste production and versatility coupled with air
and moisture stébility all rolled into one platform, the presently disclosed catalyst systems offer

an attractive feature set with distinct advantages over existing technologies.

[000203] Representative catalytic performance results are outlined in Tables 1 to 4 using
[Pd(1,2-tBu*Phinite)Cl],, TIP-Cy*Phine/Pd;(dba); and TIP-Cy*Phine/Pd(OAc),. Table 1
compares the performance of a selected catalyst according to the present inventions (“A*STAR

Catalyst” [Pd(1 ,2-tBu*Phinite)C1]§) with that of a known catalyst (“Bedford”™). It can be seen
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that the catalyst of the present invention is superior in yield and turn-over number under

comparable conditions. Table 2 shows similar comparisons for two catalysts according to the

present invention compared with two prior art catalysts. This indicates that the catalyst should

be tailored for the particular reaction, since different catalysts within the scope of the present

invention may provide improved performance. Table 3 shows a similar comparison between

. different catalysts according to the present invention against the commercially available and

well established Pdy(dba)s;/SPhos combination for sterically hindered substrates. This indicates

that conditions and catalysts may be specifically matched in order to provide desired

‘performance for a particular coupling reaction. Table 4 specific examples of reactions using the

catalysts that typically exhibit poor reactivity in metal catalyzed cross-coupling reactions using

Pd catafysts with phosphinite and phosphine-based ligands. Here, the capability of the present

catalyst system is demonstrated, as well as its potential to outperform leading existing

technologies.

Table 1. Comparative Suzuki-Miyaura coupling results between class-leading Bedford. catalyst

and a representative catalyst according to.the present invention.

MeO@—Br +

cat [Pdj
K,CO4

QB(OH)z

PhMe, 130 °C, 18 h ~

weo—{ )~ )

[Pd] =
tBu  O—P(iPr), O
Pd—Cl| vs. O—Ii’(tBu)z
tBu b2 Q Pd—Cl
1 |2 )
Bedford [Pd(1,2-tBu*Phinite)Cl]
Catalyst | Load | Yield(%) | Yield(%) | - TON .
DS | ol %) | (ArAr, GO) | (ArAr,isol) | (ArAr, GC)
Bedford 0.01 96 84 9,600
[Pd(1,2-tBu*Phinite)Cl], 0.01 > 99 96 10,000
Bedford 0.0001 16 N/A 160,000
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[Pd(1,2-tBu*Phinite)Cl] 0.0001 51 N/A 510,000
Beciford 0.00001 10.5 N/A 1.0*10°
[Pd(1,2-tBu*Phinite)Cl], 0.00001 16.0 N/A 1.6*10°

Table 2. Representative substrate scope and appiicability of a representative catalyst according

to the present invention compared to state-of-the-art commercial competitors.

s~ Yome + ¢ H-siony: = - Meo
Ph

pH 11 buffer

O o—r;R2 tBu O—T(iPr)z O O—T(iPr)z
pa=  { )-Pec Qpﬁ-@l (-Fegi

2 By 2 ' )
Pd*Phinite Bedford 1 Bedfofd 2
Catalyst - .(nllﬁ‘;,) 160 | 1) (Xii‘:,(g)c)) | (ArX?ILC) |
Bedford 2 0.02 30 18 | 14 700
Bedford 1 0.02 30 18 39 1850
[Pd(1,2-tBu*Phinite)Cl]; | 0.02 30 18 (19 950
[Pd(1,2-iPr*Phinite)Cl] 0.02 30 18 54 2700
Bedford 2 0.01 90 8 89 8900
Bedford 1 0.01 90 8 91 9100
[Pd(1,2-tBu*Phinite)Cl]; |  0.01 90 8 87 8700
[Pd(1,2-iPr*Phinite)Cl], 0.01 90 8 83 8300
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Table 3: Comparison of different A*STAR catalysts according to the invention against the

commercially available and well established Pd,(dba);/SPhos combination.

]  cat[Pd]
G Qe = O

PhMe, 110 °C, 18 h

O OMe
MeO I

O—P(iPr),
. ‘ . + ' ) +
{ N—pa-ci. - |
v ‘,2 - © Pdy(dba)y-  Pdy(dba)s -
[Pd(1,2-tBu*Phinite)Cl], [Pd(1,2-iPr*Phinite)Cl], TIP-Cy*Phine SPhos
Entry | Catalyst- - . | Base |Load (%) | Yield (%) | TON
1 | [Pd(1,2-tBu*Phinite)Cl]; | K,CO; | 0.01 33 3300
2 | [Pd(1,2-iPr*Phinite)Cl]; | KsPO, | 0.1 >99 | 1000
3 | Pdy(dba)s, TIP-Cy*Phine | KsPO, | 1 >99 | 100
4 | Pdy(dba)s, SPhos K:PO, 1 >99 | 100

Table 4: Examples of coupling reactions with inventive catalysts compared to the state-of-the

art (“Bedford”).

LN Br\ cat. [Pd] LN R?
R _J + RZB(OH), R —()/

K4PO,, PhMe or diox

100 °C, 18 h
Entry | . Catalyst  |Load(%)| Ar-X | REB(OH), .|  Ar-R? - { Yield(%)

Pd(OAc), ‘ B S
el B _B(OH) jl :

1 TIP-Cy*Phine 2 MeO/U S : MeO O 37
Br NP

: - ; 8(OH .
2 Bedford 2 Meo@’ o B(OH), M.eo' 25
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. cat. [Pd] )
Rl X , base LN R
| / + R "Y R t /
En,try .. . Cawtaly”st‘ L Coat . Ar-x ) ”:‘ TR . Ar_Y ' - | éase Soiv T (o‘c) ‘Yie}d -

@]
I

sz(dba)av 7 BrMg.._ A % : .. ‘
2 TIP-Cy*Phine 2 -\"B ‘ DS (_ W NaH | THF 70 40

R-Y
‘ . T jold
1 [Pd(l,z-tBu*Phinite)Cl}z 2 | L, b\ é‘ﬂ >:/ NaH | THF | 70 | 70
T . ="
L

by

\_7/
&
o]

. O
. . Ny 1 .
Ao | O/\/loa K,PO, | DMF | 130 | 92
IMeQ

3 | [Pd(1,2-tBu*Phinite)Cl], | 1 u

=4

®

Q
AY

. ’ Bi] 2
4 | Bedford 1 I) J\OEt : @A/‘Loa K;PO, | DMF. |..130 | 23
| MeO e 5
Pd,(dba),, B 0 « o |
> TIP-Cy*Phine 1 Meo@ > orr oo ® OEt| K;PO, | DMF | 130 | 64
[o] .
B4 .
6 Pd,(dba)s, SPhos 1 Q ‘\\joa ' (\(\)‘na K,PO, | DMF | 130 | 70
NMe, . Me,N . .
Pd,{dba),, F“ (oA 2 Diox/ :
’ TIP-Cy*Phine 4 \C/\— ¢ 5—80,[\ N%\_O kPO, |\ o | 100 | >99

[000204] In embodiments of the invention there are provided complexes of formula (TPdCl),
and T,PdCl,, wherein each T independently is any one of the ligands shown in Figures 10a to
10c.

[000205] It is considered that the use of the meta-terphenyl nucleus provides hitherto
unrecognised reactivity for the compounds of the present invention. In particular, the 1, 2,3,4,6-
substitution pattern of the central ring (having positions 1 and 3 aryl substituted) provides
excellent catalyst performance. The specific t.eraryl ring sysfem with this substitution pattern has

not previously been synthesised.

[000206] It is considered that industries such as pharmaceuticals, agrochemicals, polymers and
new materials that utilize fine chemicals will find substantial utility for this invention. The
installation of an impfoved catalyst system into synthetic processes in these industries would be

facile and facilitate margin expansion generating greater returns to their stakeholders.
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Examples

[000207] Figures 10a to 10c shows the nomenclature of compounds used or synthesised in the
| Examples set out below. The Examples show Experimental and Synthetic Data for *Phine

*Phinite Ligand, Pd*Phine and Pd*Phinite Precatalysts and Related Complexes.

Mesityl Series

Synthesis of Ligand Cy*Phine

Pd,dbas
r f (HO)ZB\©  Sphos /‘\, Selectfluor, LiBr Br;‘:‘
Ks CH4CN, 55°C

PO,, toluene, 100°C

| > e
PCy.
Mg, @[ ’ \
- . |BrMg. O a_ CIPCy,, CuCl .
THF, 70 oC O . THF’ 70 oC THF, 25 °C Cﬂ

Cy*Phine

[000208] 2,4,6-Trimethyl-1,1'-biphenyl.

[000209] To an oven dried 2 neck 50 mL flask equipped with a magnetic stir bar and
eendenser, 1.98 g (10 mmol) of mestlyene bromide, 2.44 g (15 mmol) of phenylbornic acid,
4.224 g (20 mmol) of potassium phosphate tribasic, 0.820 g (2 mol %) of SPhos and 0.910 g (1.
mol %) of tris(dibenzylideneacetone)dipalladium(O) was added. The mixture was then evacuated
and backfilled with argon three times then anhydrous tetrahydrofuran (10 mL) and toluene (10 .
mL) were added to the flask. The mixture was stirred at 60 °C for 16 h then cooled to room ‘
temperature prior to filtration through a pad of Celite, washing thoroughly with EtOAc. The red
filtrate was concentrated in vacuo yielding a crude residue that was purified by flash
chromatography on silica gel using hexanes as the eluent to afford a colorless liquid (1.56 g, 80
%). 'H (600 MHz, CDCl;) 8: 7.59 (t, J= 7.44 Hz, 2H), 7.51-7.49 (m, 1H), 7.33(dd, J= 6.84 Hz,
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1.38 Hz, 2H),7.14 (s, 2H), 2.53 (s, 3H), 2.21 (s, 6H). °C (150 MHz, CDCls) &: 141.34,139.28,
136.69, 136.11, 129.49, 128.58, 128.28, 126.71, 21.24, 20.95. |

" 3-Bromo-2,4,6-trimethyl-1,1'-biphenyl.

Br

[000210] To a 250 mL flask wrapped with aluminium foil equipped with a magnetic bar was

' chafged with 1.96. g (10 mmol) of 2,4,6-trimethyl-1,1"-biphenyl, 0.869 g (10 mmol) of lithium
‘bromide, 3.98 g (11 mmol) of selectfluor and acetonitrile (70 mL). The mixture was stirred af |
room temperature for 16 h after which the solvent was removed under vacuum. The residue was
extracted into dichloromethane and filtered through a pad of Celite. The filtrate was collected
and washed with concentrated sodium thiosulfate. The organic layer was collected, dried with
MgSO4, filtered and concentrated to dryness under reduced pressure. The crude residue was then
purified by flash chrorﬁatography on silica gel using hexanes and the eluent to afford a colorless
liquid (0.220 g, 80 %). "H (600 MHz, CDCl)8: 7.42(t, J = 7.3Hz, 2H),7.35-7.33 (m, 1H), 7.09
(dd, J= 6.84, 1.44 Hz, 2H), 7.02 (s, 1H), 2.43 (s, 3H), 2.12 (s, 3H), 1.93 (s, 3H). 1*C (150 MHz,
CDCly) o: 141'.45, 141.11, 137.13, 136.25, 135.01, 129.62, 129.32, 128.73, 127.07, 125.60,
2420,22.19,20.81. |

Dicyclohexyl(2',4',6"-trimethyl-[1,1':3',1"-terphenyl]-2-yl)phosphane (Cy*Phine).

: O PCy2
Cy*Phine
| [000211] To an oven-dried flask, Mg turnings (54.8 mg, 2.2 mmol, 2.2 equiv.), 1'mL THF and 3

drops of iBuyAlH were added subsequently. After 5 min of stirring, 3-bromo-2,4,6-trimethyl-
1,1"-biphenyl (274 mg, 1 mmol, 1.0 equiv) was added slowly. The flask was capped under
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nitrogen and the mixture was then heated to 70 °C in a preheated oil bath with vigorous stirring
for 2 h prior to the dropwise addition of 2-brom§chlorobenzene (211 mg, 1.1 mmol, 1.1 equiv)
at 70°C, after which the mixture was stirred for aﬁothef 3 h. At this time, the mixture was cooled
to room temperature and was transferred to another oven-dried flask with charge of CuCl (5 mg,

| 0.05 mmol, 5 mol%). Additional of 1 mL anhydrous THF was rinsed and also was transferred.
PCy,Cl (233 mg, 1.1 mmol, 1.1 equiv) was subsequently added at room temperature and stirred
overnight. After the reaction was complete, as determined by 3P NMR and GC analysis, ethyl
acetate was added and the mixture was washed several times with 50 mL of 30 % aq NH;OH.
The organic layer was separated, dried with MgSOy, filtered and concentratéd 'to'give the crude
product; recrystallization in MeOH affords pure white solid ( 234 mg, 50 %), herein referred to
as Cy*Phine. "H NMR (400 MHz, CDCl3) § 7.70 (dd, J = 5.0, 2.4 Hz, 3H), 7.51-7.41 (m, 3H),
7.38 (s, 1H), 7.31 (d, J= 7.2 Hz, 2H), 7.26 (s, 1H), 2.41 (s, 3H), 2.29 (s, 3H), 2.20 (s, 3H), 2.15—
1.60 (m, 10H), 1.60—1.04 (m, 12H) .ppm. BC NMR (151 MHZ, CDCls) 6 148.53 (d, Jcp =30.3
Hz), 142.04 , 139.55, 139.35 (d, Jc.p = 6.1 Hz), 135.55 (d, Jcp= 18.9 Hz), 134.63 (d, Jep = 11.9
Hz), 133.80, 132.56 (d, Jcp = 3.0 Hz), 130.59 (d, Jcp = 5.8 Hz), 129.32 (d, Jcp= 15.8 Hz),
128.63, 128.48; 128.35, 127.95, 126.30, 126.13 ,34.75 (d, Jep = 15.5‘Hz), 32.88 (d, Jep =13.8

- Hz),30.67 (d, Jcp = 12.1 Hz), 30.06 (dd, Jcp = 26.9, 14.9 Hz), 29.18 (d, Jop = 10.8 Hz), 27.72

(dd, Jep = 14.7, 9.4 Hz), 27.28 (d, Jep = 10.2 Hz), 26.49 (d, Jcp = 17.9 Hz), 21.49 (d, Jep = 6.1

~ Hz), 20.95, 20.01 ppm. 3'p NMR (243 MHz, CDCl3) 8 = —8.75 ppm.

Synthesis of Ligand tBu*Phine
' o
. P(t-Bu)
Mg, . 2
(B Brig O Cl CIP(tBu), CuCl
O THF, 70°C O THF,70°C - THF, 70°C O

tBu*Phine

Di-tert-butyl(2',4',6'-trimethyl-[1,1':3',1"-terphenyl]-2-yl)phosphane (tBu*Phine).
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P(t-Bu),

| tBu*Phine

[000212] To an oven-dried flask, Mg turnings (105.6 mg, 4.4 mmol, 2.2 equiv.), ] mL THF and
6 drops of iBu,AIH were added subsequently. After 5 min of stirring, 3-bromo-2,4,6-trimethyl-
1; 1'-biphenyl (548 mg, 2 mmol, 1.0 equiv.) was added slowly. The mixture was heated to 70°C
in a preheated oil bath for 2 h with vigorous stirring prior to the addition of 2-bromochlorobenze
(473.0 mg, 2.4 mmol, 1.2 equiv.). The mixture was stirred at 70°C for another 3 h. At this time,
the reaction mixture was cooled down to room temperature. Then the reaction mixture was
transferred to a new oven-dried flask using syringe to remove remaining Mg furnings, and
anhydrous CuCl (214.4 mg, 2.0 mmol, 1.0 equiv.) was added and stirred 15 min. To this
solution, ClPtBuz (361.3 mg, 2.0 mmol, 1.0 equiv.) was added via syringe slowly. The resulting
mixture was allowed to reach 70°C and stirred at this temperature for 15 h. The reaction mixture
was cooled down to room temperature and diluted with ethyl acetate. 5 mL 28-30% NH,OH
was added to wash till the organic layer coloﬁrless (at least 5 mL x 4). The organic layer was
washed with brine and dried with MgSO,, filtered and concentrated to give the crude product;
recrystallization in MeOH affords pure white solid (252 mg, 30%), labelled as tBu*Phine. 'H
NMR (600 MHz, Benzene-de) 5 8.02 (d, J = 7.4 Hz, 1H), 7.44 (dd, J = 18.7, 8.3 Hz, 3H), 7.32

~ (m, 2H), 7.22 (s, 1H), 2.41 (s, 3H), 2.27‘(s, 3H), 2.20 (s, 3H), 1.38 (dd, J = 21.0, 11.2 Hz, 18H)
ppm. 3¢ NMR (151 MHz, Chloroform-d) & 149.43 (d, Jcp = 33.1 Hz), 142.14, 139.73 , 139.45
, 136.85 (d, Jep = 29.5 Hz), 136.17, 134.54 , 134.25 (d, Jcp = 38.1 Hz), 131.47 (d, Jep = 7.0 Hz), |
129.29 (d, Jop = 15.4 Hz), 128.41 (d, Jop = 24.8 Hz), 126.25 , 125.46 , 32.67 (dd, Jep = 24.7, 7.2
Hz), 31.40 (d, Jep = 15.0 Hz), 30.61 (d, Jep = 15.0 Hz), 22.12 (d, Jep = 5.8 Hz), 20.86 ppm. *'P
NMR (243 MHz, CDCl;) 6 = 24.14 ppm.

Synthesis of Ligand Cy*Phihe-CF3 _
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. ) ) CF 3 CF,4
Pddbay Selectfluor O
Blji‘j\ + (HO)ZB\©\ SPhOS LiBr - Br O
| CF3 - K3PO4 toluene : >

: Br ‘
Mg, O Fs Eji(:l CIPCy,, CuCl Peve
BrMg L O
THF, 70°C THF,70°C  THF, 25 °C O
' - - : CFa

Cy*Phine-CF3

_ 2,4,6-tﬁmethyl-4'-(triﬂuoromethyl)-1 ,1 ‘-biphenyl.
CF3

[000213] 4.9 g (25 mmol) of mesﬂyene bromide, 5.2 g (27 mmol) of p-CF3-phenylbornic acid,
10.6 g (20 mmol) of K3PO4, 0.411 g (2 mol %) of SPhos and 0.458 g (1 mol %) of Pd,(dba);
was added to an oven dried 50 mL flask. The mixture was then vacuumed for 5 min and flush
with argon gas. 10 mL of dry THF and 10 mL of dry toluene was added to the flask. The -
 reaction was then ‘h'eated at 60 °C for 16 hr under argon. The mixture was then cooled to room
temperature and filters throﬁgh silica and washes with Ethyl acetate. The filtrates were collect
and rémove solvent with vacuum. The crude is purified by column with Hexane as eluent to get
colorless oil (6.1 g, 92.4%). "H NMR (600 MHz, Chloroform-d) & 7.71 (d, J = 7.8 Hz, 2H), 7.30
(d, J= 7.6 Hz, 2H), 6.99 (s, 1H), 2.37 (s, 3H), 2.02 (s, 6H) ppm. 3C NMR (151 MHz,
Chloroform-d) 6 145.03 , 137.61, 137.23, 135.62, 129.78 , 128.24 , 125.39 (d, /= 3.8 Hz),"
21.03, 20.67 ppm.

3-bromo-2,4,6-trimethyl-4"-(trifluoromethyl)-1,1"-biphenyl
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[000214] ..5.0 g (19 mmol) of 2,4,6-trimethyl-4'-(trifluoromethyl)-1,1'-biphenyl, 7.71 g (22.8
mmol) of lithium bromide, 1.81 g (21 mmol) of selectfluor and 70 mL of MeCN was added to a
250 mL flask and stired 55°C for 16hr. The solvent was removed and DCM was added to the
crude. The mixture was ﬁltered; the filtrate was wash with sodium thiosulfate. The organic layer
was éollected and dry with MgSO;. The crudé was then purified with column with Hexane as
eluents to get a white solid (5.4 g, 83.3%). "H NMR (600 MHz, Chloroform-d) & 7.73 (d; J=28.0
Hz, 2H), 7. 27'(d J=8.0 Hz, 2H), 7.07 (s, 1H), 2.47 (s, 3H), 2.14 (s, 3H), 1.95 (s, 3H) ppm. *C
NMR (151 MHz, CDCl3)  145.03, 139.36, 137.63, 135.70, 134.41,129.63, 125.59, 125.56,
125.54, 24.01, 21.97, 20. 54 ppm.

Dicyclohexyl(2',4',6"-trimethyl-4"-(trifluoromethyl)-[1,1':3",1"-terphenyl]-2-yl)phosphane
(Cy*Phine-CF3).

PCyz

| CF;

Cy*Phine-CF3

[000215] To an oven-dried flask, Mg turnings (54.8 mg, 2.2 mmol, 2.2 equiv.), ] mL THF and 3
drops of iBu,AIH were added subsequently. After 5 min of stirring, 3-bromo-2,4,6-trimethyl-4'-
(trifluoromethyl)-1,1'-biphenyl (342 mg, 1 mmol, 1.0 equiv) was added slowly. The flask was
capped under nitrogen and the mixture was then heated to 70°C in a preheated oil bath with
vigorous stirring for 2 h prior to the'dropwise addition of 2-bromochlorobenzene (211 mg, 1.1
‘mmol, 1.1 equiv) at 70°C, after which was stirred for another 3 h. At this time, the mixture was
cooled to room temperature and was transferred to another oven-dried flask with charge of CuCl
(5 mg, 0.05 mmol, 5 mol%). Additional of 1 mL anhydrous THF was 'rinsed and also was
 transferred. PCy,Cl (233 mg, 1.1 mmol, 1.1 equiv) was subsequently added at room temperature
and stirred 24 h. After the reaction was complete, as determined by *'P NMR and GC analyéis, _
ethyl acetate was added and the mixture was washed several times with 50 mL of 30 % aq
NH4OH. The organic layer was separated, dried with MgSO,, filtered and concentrated to give
the crude product; recrystallization in MeOH affords pure white solid (306 mg, 57 %), labelled
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as Cy*Phine-CF3. '"H NMR (400 MHz, Chloroform-d) & 7.70 (d,J=79Hz, 1H), 7.58 (d, J =
7.3 Hz, 1H), 7.42 — 7.14 (m, 6H), 7.06 (s, 1H), 2.03 (d, J = 12.6 Hz, 6H),.1.66 (m, 13H), 1.12
~ (m, 9H) ppm. >C NMR (151 MHz, Chloroform-d) & 148.20 (d, Jcp = 30.4 Hz), 139.61 (d, Jep =
6.1 Hz), 135.71 - 135.02 (m), 130.51 (d, Jep = 5.8 Hz), 125.46 (dd, Jcp = 13.8, 3.8 Hz), 34.67
(d, Jep = 15.3 Hz), 33.06 (d, Jep = 13.7 Hz), 30.62 (d, Jep = 12.0 Hz), 30.05 (dd, Jep = 28.8, 14.5 -
Hz), 29.30 (d, Jep = 11.3 Hz), 27.68 (dd, Jep = 15.7, 9.6 Hz), 27.46 — 26.95 (m), 26.46 (d, Jep.= .
17.5 Hz), 21.49 (d, Jer= 5.7 Hz), 20.85, 19.97 ppm. 3P NMR (243 MHz, CDC13) §=-8.72-
ppm. 'F NMR (376 MHz; CDCls) § =—62.32 ppm.

Synthesis of Ligand tBu*Phine-CF3

| Nou e
- o ' CFs @ ' P(t-B
Me. | - y | (tBu),;
B________, BrMig O Cl - CIP(t-Bu),, CUCA |
THF, 70°C O | THE, 70 °C THE. 70 C _

CF3
tBu*Phine-CF3

Di-tert-butyl(2',4', 6- trimethyl-4"-(trifluoromethyl)-[1,1":3",1"- terphenyl] -2- yl)phosphane
(tBu*Phlne -CF3).

P(t-Bu),

(e,

tBu*Phine-CF3

[000216] To an oven-dried flask, Mg turnings (105.6 mg, 4.4 mmol, 2.2-equiv.), ] mL THF and
6 drops of iBu,AlH were added subsequently. After 5 min of stirring, 3-bromo-2,4,6-trimethyl-
4'-(trifluoromethyl)-1,1'-biphenyl (684 mg, 2 mmol, 1.0 equiv.) was added slowly. The flask
was capped under nitrogen and the mixture was heated to 70°C with vigorous stirring in a
preheated oil bath for 2 h prior to the addition of 2-bromochlorobenze (473.0 mg, 2.4 mmol, 1.2
equiv.). The mixture was stirred at 70°C for another 3 h. At this time, the reaction mixture was

cooled down to room temperature. Then the reaction mixture was transferred to a new oven-
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dried flask using syringe to remove remaining Mg turnings, and anhydrous CuCl (214.4 mg, 2.0
mmol, 1.0 equiv.) was added and stirred 15 min. To this solution, CIP'Bu, (361.3 mg, 2.0 mmol,
1.0 equiv.) was added via syringe slowly. The resulting mixture was allowed to reach 70°C and

. stirred at this temperature for 16 h. The reaction mixture was cooled down to room temperature
and diluted with ethyl acetate. 5 mL 28-30% NH4OH was added to wash till the organic layer
colourless (at least 5 mL X 4). The organic layer was washed with brine and dried with MgSO4,
filtered and concentrated to give t}_;»e;crude product; recrystallization in MeOH affords pufe

white solid (339 mg, 35%), labelled as tBu*Phiﬁé-ch.» '"H NMR (400 MHz Benzene-dg) 5 8.03
(d, J=69 Hz, 1H), 7.59 (dd, J=17.3,4.7 Hz, 43.7H), 7.36 —7.23 (m, 3H), 7.18 (s, 1H),_7.16 ~7.08 -
(m, 1H), 2.37 (s, 3H), 2.09 (s, 3H), 2.05 (s, 3H), 1.38 (d, /= 11.3 Hz, 18H) ppm. >C NMR (151
MHz, Benzene-de) § 149.61 (d, Jop= 33.6 Hz), 146.22 , 140.19 (d, Jep = 5.8 Hz), 138.11,

- 137.21 (d, Jep = 31.0 Hz), 136.26 , 135.52, 133.92, 133.58 , 131.55 (d, Jcp = 6.7 Hz), 129.89

(d, Jop = 31.0 Hz), 128.98 , 128.70, 125.74 , 125.55 (dd, Jep = 20.1, 3.7 Hz), 32.55 (dd, Jep =
26.0, 9.4 Hz), 30.92 (dd, Jep = 24.7, 15.3 Hz), 22.09 (4, Jcp = 4.1 Hz), 21.05 (d, Jcp = 4.7 Hz),
20.52 ppm. *'P NMR (243 MHz, CDCl3) & = 23.69 ppm. '°F NMR (376 MHz, CDCl3) & = —
62.01 ppm. | '

Synthesis of Ligand Ph*Phine

C
: ' PPh,
. Mg, @E
B | Brivg O Cl " CIPPh,, CuCl
: O ' THF, 70°C O THF,70°C  THF,25°C g O

Ph*Phine

Dipheny1(2',4',6'-triméthyl-[ 1,1":3",1"-terphenyl]-2-yl)phosphane (Ph*Phine),

(o,

Ph*Phine
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[000217] To an oven-driéd flask, Mg turnings (105.6 mg, 4.4 mmol, 2.2 equiv.), 1 mL THF and' H
6 drops of iBu,AlH were added subsequently. After 5 min of stirring, 3-bromo-2,4,6-trimethyl-
1,1'-biphenyl (548 mg, 2 mmol, 1.0 equiv.) was added siowly. The flask was capped under
nitrogen and the mixture was heated to 70°C for 2 h prior to the addition of 2-bromochlorobenze
(473.0 mg, 2.4 mmol, 1.2 equiv.). The mixture was stirred at 70°C for another 3 h. At this time,
the reaction mixture was cooled down to room temperature. Then the reaction mixture was
transferred to a new oven-dried flask using syringe to remove remammg Mg turnings, and
| anhydrous CuCl (20 mg, 0.2 mmol, 10 mol%) and LiBr (35 mg, 0.4 mmol, 20%) was added and
stirred 15 min. To this solution, CIPPh; (485 mg, 2.2 mmol) was added via syringe slowly. The
resulting mixture was allowed to reach 70°C and stirfed at this temperature for 16 h. The
reaction mixture was cooled down to room temperature and diluted with ethyl acetate. 5 mL 28-
30% NH4OH was added to wash till the organic layer colourless (at least 5 mL * 4). The organic
layer was washed with brine and dried with MgSQy, filtered and concentrated to give the crude
product; recrystallization in MeOH affords pure white solid (557 mg, 61%), labelled as
Ph*Phine. 'H NMR (600 MHz, Chloroform-d) & 7.48 — 7.38 (m, 3H), 7.36 — 7.23 (m, 13H),
7.22 ~7.13 (m, 2H), 7.10 — 6.94 (m, 2H), 2.08 (s, 3H), 1.99 (s, 3H), 1.27 (s, 3H) ppm. *C NMR
(151 MHz, Chloroform-d) & 147.47 (d, J=33.1 Hz), 141.72,139.51, 138.56 , 137.49 , 135.10,
134.82 ,134.42 (d, J=20.9 Hz), 133.92, 133.53(d,J=19.3 Hz), 129.83 (d, J = 6.2 Hz),
129.60,129.31,129.16,128.74 , 128.47 , 128.52 — 127.70 (m), 127.10, 126. 30 ,21.01,20.97
, 18.79 ppm. 3Ip NMR (243 MHz, CDCl3) 6 = -13.88 ppm. -

Synthesis of Ligand Cy*Phine-Me

Me ’ .
(HO)zB Pd.dba., SPhos Selectfluor, LiBr
O

KsPO,, Toluene, 100°C CH4CN, 50°C
o Br O .
O ©i o PCy,
)(’ oo A | Ty
Me. THF,70°C O Me THF, 70°C  THF, 25 °C O
' ’ Cy*Phine-Me

2,2' 4 6-tetramethyl-1,1'-biphenyl.
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[000218] 2.0 g (10 mmol) -o‘f mestlyene bromide, 2.7 g (20 mmbl) of o-methyl-phenylbomic
acid, 4.224 g (20‘mmdl) of K3PO4, 820 mg (2 mol %) of SPhos and 910 mg (1 mol %) of
Pd,(dba); was added to aﬁ oven dried 50 mL flask. The mixture was then vacuumed for 5 min
and flush with argon gas. 10 mL of dry THF and 10 mL of dry toluene was added to the flask. -
The reaction was then heated at 60 °C for 16 hr under argon. The mixture was then cooled to
room temperature and filters through silica and washes with Ethyl acetate. The filtrates were
collect and remove solvent with vacuum. The crude is purified by column with Hexane as eluent
to get colorless oﬂ (6.1 g, 99%). 'H NMR (600 MHz, Chloroform-d) 6 7.29 — 7.26 (m, 1H), 7.23
(ddd, J=6.6,4.1, 1.9 Hz, 2H), 7.01 (dd, /= 6.9, 2.0 Hz, 1H), 6.95 - 6.93 ‘(m, 2H), 2.33 (s, 3H),
1.97 (d, J = 0.6 Hz, 3H), 1.91 (s, 6H).”*C NMR (151 MHz, Chloroform-d) & 140.55 , 138.18 ,
136.32, 135.85, 135.71, 129.87,129.14,127.97, 126.87 , 125.96 , 21.06 , 20.21 , 19.45 ppm.

[000219] 3-bromo-2,2',4,6-tetramethyl-1,1"-biphenyl.

[000220] 2.1 g (10 mmol) of 2,2',4,6-tetramethyl-l,1'-bipheny1, 0.83 g (9.5 mmol) of lithium
brdmide, 0.9 g (11 mmol) of selectfluor and 30 mL of MeCN was added to a 250 mL flask and
stired 55°C for 16hr. The solvent was removed and DCM was added to the crude. The mixture
was filtered; the filtrate was wash with sodium thiosulfate. The organic léyer was collected and ‘
dry with MgSO;. The crude was then purified with column with Hexane as eluents to get a
white solid ( 2.2 g, 77%). "H NMR (600 MHz, Chloroform-d) & 7.30 — 7.26 (m, 2H), 7.25 — 7.22
(m, 1H), 7.03 (q, J_¥ 0.8 Hz, 1H), 6.98 — 6.95 (m, 1H), 2.44 (d, J = 0.6 Hz, 3H), 2.06 (s, 3H),
1.96 (s, 3H), 1.86 (d,'J= 0.6 Hz, 3H). *C NMR (151 MHz, Chloroform-d) & 140.62 , 140.01 ,
136.70 , 135.80, 135.71, 134.60 , 130.00, 129.49 , 128.97 , 127.24,126.10, 125.33 , 23.96,
21.28,20.09, 19.48 ppm.
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Dicyclohexyl(2',2",4',6'-tetramethyl-[1,1":3',1"-terphenyl}-2-yl)phos-phane. (Cy*Phiné-Me). '

[000221] To an oven-dried flask Mg turnings (105.6 mg, 4.4 mmol, 2.2 equiv.), 1 mL THF and

- 6 drops of /Bu,AlH were added subsequently. After 5 min of stirring, 3-bromo-2,2',4,6-
tetramethyl-1,1'-biphenyl (578 mg, 2 mmol, 1.0 equiv.) was added slowly. The mixture was
heated to 70°C for 2 h prior to the addition of 2-bromochlorobenze (473.0 mg, 2.4 mmol). The
mixture was stirred at 70°C for another 3 h. At this time, the reaction mixture was cooled down
to room temperature. Then the reaction mixture was transferred to a new oven-dried flask using
syringe to remove remaining Mg turnings, and anhydrous CuCl (10 mg, 0.1 mmol, 5 mol%) was
added and stirred 15 min. To this solution, CIPCy, (510 mg, 2.2 mmol, 1.1 equiv) was added via
syringe slowly. The resulting mixture was stirred at r_bbm temperature ‘for 23 h. The reaction

mixture was cooled down to room temperature and diluted with ethyl acetate. 5 mL 28-30%

| - NH4OH was added to wash till the organic layer colourless (at least 10 mL x 4). The organic

layer was washed with brine and dried with MgSO,, filtered and concentrated to give the crude
product; recrystallization in MeOH affords pure white solid (289 mg, 30%), labelled as
Cy*Phine-Me. '"H NMR (600 MHz, Chloroform-d) & 7.58 — 7.53 (m, 1H), 7.39 — 7.35 (m, 1H),
7.33 (td, J= 7.4, 1.6 Hz, 1H), 7.29 — 7.27 (m, 1H), 7.25 — 7.22 (m, 2H), 7.12 (dddd, J = 16.5,
7.5,3.8, 1.6 Hz, 1H), 7.09 - 7.06 (m, 1H), 7.05 (s, 1H), 7.02 (s, OH), 6.99 — 6.96 (m, 1H), 2.04
(d,J=5.5 Hz, 6H), 1.94 (d, /= 8.5 Hz, 4H), 1.78 (t, /= 9.9 Hz, 2H), 1.74 — 1.62 (m, 7H), 1.60
—1.54 (m, 6H), 1.34 — 1.20 (m, 5H), 1.09 (ddt, J = 17.0, 12.3, 9.5 Hz, 7H) ppm. *C NMR (151
MHz, Chloroform-d) § 148.52, 141.50, 141.19, 138.68 , 138.63 , 136.05, 135.83 , 134.56,
134.49 ,134.31,134.17, 133.68 , 133.38 , 132.56 , 132.47 , 130.67 , 130.63 , 129.88 , 129.81 ,
129.18,129.12,128.55, 128.44,128.40, 128.33, 126.73 , 126.66 , 126.06 , 125.92 , 34.83 ,
34.79,34.73 ,34.69', 33.18 , 33.08 ,32.72 , 32.63 , 30.84 , 30.76 , 30.72 , 30.64 , 30.28 , 30.19
,30.16 ,30.07,29.98 ,29.87, 29.84 ,29.73,29.27,29.20,29.09,29.02 , 27.78 , 27.75,
27.68 ,27.62 ,27.55,27.49,27.36,27.32,27.29,27.25,27.18,26.51,26.48 ,26.40 , 26.38
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,21.51,21.46,20.39,20.35 , 19.52,19.50 , 19.49 , 19.38 ,19.26 ppm. *'P {'H} (243 MHz,
Chloroform-d) & -8.76 ppm. -

Synthesis of Ligand tBu*Phine-Me

.
' O Mg ' @[ P(t-Bu);
- Br | BrMg., O CI CIP(tBu);, CuCl
| : O - THF' 70°C. O THF, 70 °C THF‘ 70°C C l

tBu*Phine-Me

Di-tert-bﬁtyl(Z',4',6'—trimethyi—[ 1,1":3',1"-terphenyl]-2-yl)phosphane (tBu*Phine-Me).

O P(t-BU)g

8¢

. tBu*Phine-Me

[000222] To an oven-dried flask Mg turnings (105.6 mg, 4.4 mmol, 2.2 equiv.), ] mL THF and
6 drops of iBu,AlH were added subsequently. After 5 min of stim'ng; 3-bromo-2,2',4,6-
tetramethyl-1,1'-biphenyl (578 mg, 2 mmol, 1.0 equiv.) was added slowly. The mixture was
heated to 70°C for 2 h prior to the addition of 2-bromochlorobenze (473.0 mg, 2.4 mmol). The
mixture was stirred at 70°C for another 3 h. At this time, the reaction mixture was cooled down
to room temperature. Then the reaction mixture was transferred to a new oven-dried flask using
syringe to remove remaining Mg turnings, and anhydrous CuCl (200 mg, 2.0 mmol, 1.0 equiv.)
was added and stirred 15 min. To this soiution, CIPBu; (398 mg, 2.2 mmol, 1.1 equiv.) was
added via syringe slowly. The resulting mixture was allowed to reach 70°C and stirred at this
temperature for 16 h. The reaction mixture was cooled down to room temperature and diluted
with ethyl acetate. 5 mL 28-30% NH4OH was added to wash till the organic layer colourless (at
least 10 mL X 4). The organic layer was washed with brine and dried with MgSQO,, filtered and
* concentrated to give the crude product; recrystallization in MeOH affords pure white solid (130
mg, 15%), labelled as tBu*Phine-Me. "H NMR (600 MHz, Chloroform-d) & 7.85 (t, J= 6.2 Hz,
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1H), 7.40 ~ 7.34 (m, 1H), 7.31 (t, J=7.6 Hz, 1H), 7.28 (dd, J= 6.1, 3.5 Hz, 1H), 7.23 (ddd, J=
- 12.5,5.5,2.4 Hz, 2H), 7.19 - 7.10 (m, 2H), 7.10 - 6.93 (m, 3H), 2.13 (d, /= 23.5 Hz, 3H), 2.04
(d,/=3.8Hz,3H), 1.94 (d, J=10.9 Hz, 4H), 1.89 (d, /= 15.5 Hz, lH),b'l.61 (d, /=92 Hz,
2H), 1.54 (s, 2H), 1.24 (d, J= 11.4 Hz, 5H), 1.20 — 1.08 (m, 13H) ppm. 3C NMR (151 MHz,
Chloroform-d) 6 141.64 , 141.27 ,139.82, 139.78 , 138.62 , 138.56 , 136.90, 136.26 , 136.14 ,
136.08 ,135.78 , 134.63 , 134.24, 134.13, 134.03 , 133.72, 131.58 , 131.54 , 129.91, 129.79
129.18 ,129.12, 129.08 , 128.52, 128.47, 128.37, 128.35, 128.31, 126.72 , 126.69 , 126.60
126.07,125.88 ,125.44 , 125.38 ,76.84 ,32.76 ,32.73 , 32.68 , 32.63 , 32.60 , 32.56 , 32.52 ,
32.46,31.52,31.42,31.03,30.99, 30.93, 30.89, 30.58’,.30.48 ,22.20,22.15,22.13,22.10,
20.66 ,20.63 ,20.30, 20.27 , 20.07 , 19.56 , 19.49 ppm. *>'P {'"H} (243 MHz, Chloroform-d) &
24.1 ppm. |

Synthesis of Ligand OMe-tBu*Phine

CHj O
\ - (HO),B
OH OMe O
i pr K2COs Mel i:Br HaC CHs
DMF | Pd,(dba);

|
SPhos, K3PO4

2-bromo-1-iodo-3-methoxybenzene.

OMe
@EBF
|

[000223] An oven-dried 10 mL round bottom flask which was equipped with a magnetic stir bar
and fitted with a septum and argon filled balloon was charged with 2-bromo-3-iodophenol (150
mg, 0.5 mmol) and anhydrous DMF (0.3 mL). To the reaction mixture, K,COs (173 mg, 1.25
mmol) was added and the reaction mixture was stirred at room temperature for 30 min before
adding Mel (0.16 mL, 2.5 mmol). The reaction mixture was allowed to stir at room temperature
for 14 h and water (10 mL) was added. The mixture was extracted with diethyl ether (3 x 20

mL) and the combined organic extracts were washed with brine, dried over Na;SQy, filtered and
the solvent was removed with the aid of a rotary evaporator. The crude material was purified by -

flash chromatography (silica gel, 2:98 EtOAc:hexanes) to afford an off-white colored solid
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(0.138 g, 88% yield). "H NMR (600 MHz, CDCL3) & 7.48-7.46 (m, 1H), 6.9 (t, Jiyn = 8.1 Hz,
1H), 6.85-6.83 (m, 1H), 3.86 (s, 3H) ppm.

2-bromo-3-methoxy-2'4",6"-trimethyl-1,1":3",1"-terphenyl.

[000224] An oven-dried 10 mL microwave reaction vial which was equipped with a magnetic
stir bar was sequentially charged with PAdz(d'ba)3 (2.9 mg, 0.003 mmol), SPhos-(2.9 mg, 0.007
mmol), K3PO4 (203 mg, 0.96 mmol), (2,4,6-trimethyl-[1,1'-biphenyl]-3-yl)boronic acid (115
mg, 0.48 mmol), 2-bromo-1-iodo-3-methoxybenzene (100 mg, 0.32 mmol) and anhydrous
toluene (0.64 mL) inside a glove-box. The vial was sealed and the reaction mixture was allowed
to stir at 110 °C for 16 h. The reaction mixture waé coéled and water (20 mL) was added. The
mixture was extracted with EtOAc (3 x 25 mL) and the combined organic extracts were washed
with brine, dried over Na;SQ,, filtered and the solventlwas removed with the aid of é rotary
evaporator.‘The crude material was puriﬁed by gravity column chromato graphy (silica gel, 2:98
EtOAc:hexanes) to afford an off-white colored solid (0.106 g, 87% yield). 'H NMR (600 MHz,
CDCl3) 6 7.41-7.38 (m, 2H), 7.38—7_.'28 (m, 2H), 7.18-7:14 (m, 2H), 7.03 (s, 1H), 6.86 (dd, *Jum
=8.4 Hz, “Jun= 1.2 Hz, 1H), 6.79 (dd, *Jyn = 7.8 Hz, *Jun = 1.8 Hz, 1H), 3.93 (s, 3H), 2.03 (s,
3H), 1.97 (s, 3H), 1.63 (s, 3H).

OMe OMe
Br t-BuLi, CuCl P(t-Bu)
U Q) e, (100
_ dibutyl ether, 130 O
°C
OMe-tBu*Phine

Di-tert-butyl(3-methoxy-2',4",6"-trimethyl-[1,1":3',1"-terphenyl]-2-yl)phosphane (OMe-
tBu*Phine).
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OMe

O P(t-Bu) O
e

OMe-tBu*Phine

[000225] An oven-dried 10 mL microwave reaction vial which was equipped witha magnetic
stir bar was charged with 2-bromo-3-methoxy-2',4',6'-trimethyl-1,1":3',1"-terphenyl ‘(40 mg, 0.1
mmol) and dibutyl ether (0.2 mL) inside a glove-box. The vial was sealed and brought out of the
glo{ze-box. The reaction mixture was cooled to -78 °C and #-BuLi (1.7 M in pentane, 0.13 mL,
0.22 mmol) was added dropwise in 5 min. It was allowed to stir at this temperature for 1 h after
- which the vial was again transferred to a gldve—box and CuCl (11 rﬁg, 0.11 mmol) was added to
it. The above was stirred for 10 min before adding di-tert-butyl chlorophosphine (0.021 mL,
0.11 mmol) slowly. The vial was brought out of the glove-box and the reaction mixture was
allowed to stir at 130 °C for 10 h. The reaction mixture was cooled and EtOAc (10 th) and
30% NH4OH (10 mL) were added. The two layers were shaken in a separatory funnel énd
separated. The organic phase was washed with 30% NH4OH until the aqueous phase was no
longer blue. The combined aqueous washes were back-extracted with EtOAc (20 mL) and the
combined organic extracts were washed with brine, dried over Na,SOy, filtered and the solvent
was removed with the aid of a rotary evaporator. The crude material was purified by trituration
in degassed MeOH (0.2 mL) at -20 °C to afford an off-white colored solid (0.0267 g, 57% _
yield). 'H NMR (600 MHz, CDCl) & 7.39-7.35 (m, 2H), 7.32~7.28 (m, 2H), 7.17-7.15 (m, 1H),
7.17-7.15 (m, 1H), 6.95 (s, 1H), 6.81 (d, *Juu = 7.8 Hz, 1H), 6.75-6.72 (m, 1H), 3.79 (s, 3H),
2.08 (s, 3H), 1.99 (s, 3H), 1.62 (s, 3H), 1.15 (d, *Jup = 12.0 Hz, 9H), 1.09 (d, *Jup = 12.0 Hz,
9H); °C NMR (150 MHz, CDCls) § 162.19, 142.50, 139.38, 134.72, 134.16, 130.19, 129.68,

| 129.48, 128.69, 128.49, 128.35, 126.40, 124.54, 124.49, 108.65, 54.04, 34.02, 33.84, 33.62,
33.44,31.84,31.73, 31.48, 31.37, 22.34, 21'.25, 21.03, 1.12; 3'P NMR (161 MHz, CDCl;) 6
35.58.

Synthesis of Ligand OiPr-tBu*Phine
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(HO);B
OH . OiPr O QP
K2C03, iPrBr Br H3C CH3 Br

o oY 0
. DMF | Pd,(dba)s O

SPhos, K3PO, HiC CH3

2-bromo-1-iodo-3-isopropoxybenzene.

OiPr .
Br

[000226] An oven-dried 10 mL round bottom flask which was equipped with a magnetic stir bar
and fitted with a reflux condenser was charged with 2-bromo-3-iodophenol (200 mg, 0.67
mmol), anhydrous DMF (0.5 mL), K,CO3 (231 mg, 1.67 mmol) and 2-bromopropane (0.16 mL,
1.67 mmol) in succession. The reaction mixture was allowed to stir at 70 °C for 14 h and water
‘(10 mL) was added. The mixture was extracted with diethyl ether (3 x 20 mL) and the combined
organic extracts were washed with brine, dried over Na,SOy, filtered and the solvent was
removed with the aid of a rotary evaporator. The crude material was purified by flash
- chromatography (silica gel, 2:98 EtOAc:hexanes) to afford an oil (0.173 g, 76% yield). '"H NMR
' (6.00 MHz, CDCl;) & 7.46—7.44 (m, 1H), 6.94 (t, *Jyu = 7.8 Hz, 1H), 6.85-6.83 (m, 1H), 4.52
(septet, Jiu = 6.0 Hz, 1H), 1.36 (d, Jiyy = 6.0 Hz, 6H) ppm. |

2-bromo-3 -isopropoxy—2',4',6';trimethyl- 1,1':3',1"-terphenyl (OiPr-Mesityl-Br).

OiPr

BrCH3 O

OiPr-Mesityl-Br

[000227] An oven-dried 10 mL microwave reaction vial which was equipped with a magnetic
stir bar was sequentially charged with Pd,(dba); (4.3 mg, 0.005 mmol), SPhos (4.2 mg, 0.01
mmol), K3PO4 (299 mg, 1.41 mmol), (2,4,6-trimethyl-[1,1'-biphenyl]-3-yl)boronic acid (169
mg, 0.7 mmol), 2-bromo-1-iodo-3-isopropoxybenzene (0.16 g, 0.47 mmol) and anhydrous
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toluene (0.94 mL) inside a glove-box. The vial was sealed and the reaction mixture was allowed
to stir at 110 °C for 16 h. The reaction mixturé was cooled and water (20 mL) was added. The
mixture was extracted with EtOAc (3 x 25 mL) and the combined organic extracts were washed
with brine, dried over Na;SQy, filtered and the solvent Was removed with the aid of a rotary
evaporator. The crude material was purified by flash chromatography (silica gel, 2:98
EtOAc:hexanes) to afford a gummy mass (0.157 g, 82% yield). '"H NMR (600 MHz, CDCl) &
7.41-7.37 (m, 2H), 7.31-7.25 (m, 2H), 7.18-7.14 (m, 2H), 7.03 (s, 1H), 6.88 (dd, Jun= 8.4 Hz,

Aan=12 Hz, 1H), 6.76 (dd, *Jun=7.8 Hz, “Jun = 1.2 Hz, 1H), 4.58 (septet, *Jyn = 6.6 Hz,
1H), 2.03 (s, 3H), 1.98 (s, 3H), 1.58 (s, 3H), 1.41-1.39 (m, 6H).

oiPr oiPr
Br t-BulLi, CuCl P(t-Bu)
X0 a0
O dibutyl ether, 130 O

e
OiPr-tBu*Phine

Di-tert-butyl(3-isopropoxy-2',4',6'-trimethyl-[1,1":3",1 "-terphenyl] -2-yD)phosphane (OiPr-
tBu*Phine).

- [000228] An oven-dried 10 mL microwave reaction vial which was equipped with a magnetic
stir bar was charged with 2-bromo-3-isopropoxy-2'4',6'-trimethyl-1,1":3',1"-terphenyl (138 mg,
0.33 mmol) and dibutyl ether (0.35 mL) inside a glove-box. The vial was sealed and brought out
of the glove-box. The reaction mixture was cooled to -78 °C and #-BuLi (1.7 M in pentaﬁe, 0.4
mL, 0.69 mmol) was added dropwise in 5 min. It was allowed to stir at this temperature for 1 h
after which the vial was again transferred to a glove-box and CuCl (36.7 mg, 0.37 mmol) was |

| added to it. The above was stirred for 10 min before adding di-tért—butyl chlorophosphine (0.07
mL, 0.37 rhmol) slowly. The vial was brought out of the glove-boX and the reaction mixture was

allowed to stir at 130 °C for 14 h. The reaction mixture was cooled and EtOAc (20 mL) and

| 30% NH4OH (20 mL) were added. The two layers were shaken in a separatory funnel and
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separated. The organic phase was washed with 30% NH;OH until the aqueous phase was no
longer blue. The combined aqueous washes were back-extracted witﬁ EtOAc (20 mL) and the
combined organic extracts were washed with brine, dried over Na,SOy, filtered and the solvent
- was removed with the aid of a rotary evaporator. The crude fnaterial was purified by trituration
in degassed MeOH (0.5 mL) at -20 °C to afford an off-white solid (0.101 g, 63% yield). 'H
NMR (600 MHz, CDCl3) 6 7.41-7.36 (m, 2H), 7.28-7.27 (m, 2H), 7.16-7.15 (m, 1H), 7.08—
7.06 (m, 1H), 6.94(s, 1H), 6.81. (d,_3JH,H>, = 7.8 Hz, 1H), 6.69-6.64 (m, 1H); 4.74 (m, 1H),.2.07
(s, 3H), 1.99 (s, 3H), 1.61 (s, 3H), 1.57 (s, 3H), 1.45-1.43 (m, 6H), 1.20 (d, 3Jup = 12.0 Hz, 9H),
1.14 (d, *Jup = 12.0 Hz, 9H); >C NMR (150 MHz, CDCl3) & 160.79, 160.76, 134.73, 134.72,
134.23, 134.22, 129.62, 129.44, 129.23, 128.68, 128.48, 128.42, 128.29, 126.40, 66.05, 31.86,
31.60, 22.30, 22.23, 22.09, 21.22, 20.98, 15.47, 1.22;*'P NMR (161 MHz, CDCl;) & 35.34.

Synthesis of Ligand OCy-tBu*Phine
- . CHjs O : '
(HO).B
OH . OCy O OCyB
K,COg3, CYBF Br HsC CHs r

Gnemon el
| . DMF° |~ Pdy(dba)s O

SPhos, KzPO,  HsC CHs

2-bromo-1-(cyclohexyloxy)-3-iodobenzene.

OCy
; Br

[000229] An oven-dried 10 mL round bottom flask which was equipped with a magnetic stir bar
and fitted with a reflux condenser was charged with 2-bromo-3-iodophenol (400 mg, 1.34
mmol), anhydrous DMF (2.0 mL), K,CO3 (924 mg, 6.69 mmol) and bromocyclohexane (1.65
ml, 13.4 mm.ol)‘ in succession. The reaction mixture was allowed to stir at 110 °C for 16 hand
water (20 mL) was added. The mixture was extracted with diethyl ether (3 x 20 mL) and the
combined organic extracts we.rerwashed with brine, dried over Na;SQ,, filtered and the solvent
was removed With the aid of a rotary evaporator. The crude material was purified by flash
chromatography (silica gel, 2:98 EtOAc:hexanes) to afford an oil (0.23 g, 45% yield). 'H NMR
(600 MHz, CDCls) § 7.44-7.43 (m, 1H), 6.93 (t, *Jun = 7.8 Hz, 1H), 6.85-6.83 (m, 1H), 4.29
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(septet, *Jiyp = 3.6 Hz, 1H), 1.90-1.87 (m, 2H), 1.82-1.73 (m, 2H), 1.67-1.62 (m, 2H), 1.40—
131 (m, 4H). | ~

- 2-bromo-3-(cyclohexyloxy)-2'4",6'-trimethyl-1,1":3",1"-terphenyl (OCy-Mesityl-Br).

Cr,

Br

OCy-Mesityl-Br

[000230] An oven-dried 10 mL microwave reaction vial which was equipped with a magnetic
stir bar was sequentially charged with Pda(dba); (3.5 mg, 0.004 mmol), SPhos (3.5 mg, 0.008
mmol), KsPOy (242.3 mg, 1.14 mmol), (2,4,6-trimethyl-[1,1"-biphenyl]-3-yljboronic acid (119
mg, 0.49 mmol), 2-brom'o-1-(Cyclohexyloxy)-}3-iodobenzene (0.145 g, 0.38 mmol) and
anhydrous toluene (0.76 mL) inside a glove-box. The vial was sealed and the reaction mixture
was allowed to stir at 110 °C for 16 h. The reaction mixture was cooled and water (20 mL) was
added. The mixture was extracted with EtOAc (3 x 25 mL) and the combined organic extracts

were washed with brine, dried over Na;SQOy, filtered and the solvent was removed with the aid

of a rotary evaporator. The crude material was purified by flash chromatography (silica gel, 2:98
EtOAc:hexanes) to afford a gummy mass (0.13 g, 76% yield). "H NMR (600 MHz, CDCl;) 6
7.41-7.37 (m, 2H), 7.31-7.25 (m, 2H), 7.18-7.14 (m, 2H), 7.03 (s, 1H), 6.89 (dd, *Juy = 8.4 Hz,
“Jun =12 Hz, 1H), 6.75 (dd, Jign = 7.2 Hz, “Juys = 1.2 Hz, 1H), 4.33 (septet, Juu = 3.6 Hz,
1H), 2.03 (s, 3H), 2.00-1.94 (m, 5H), 1.70-1.66 (m, 2H), 1.64-1.60 (m, 2H), 1.58 (s, 3H), 1.39—
1.34 (m, 4H). | |

t-BuLi, CuCl OCy
P(t-Bu),ClI

——————e e R

dibutyl ether, 130
°C

OCy-tBu*Phine
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Di-tert-butyl(3-(cyclohexyloxy)-2',4',6"-trimethyl-[1,1"3',1"-ter-phenyl]-2-yl)phosphane (OCy- '
- tBu*Phine). |

OCy-tBu*Phine

[000231] An oven-dried 10 mL microwave reaction vial which was equipped with a magnetic
stir bar was charged with 2-bromo-3-(cyclohexyloxy)-2',4',6'-trimethyl-1,1":3',1"-terphenyl (129
mg, 0.29 mmol) and dibutyl ether (0.3 mL) inside a glove-box. The vial was sealed and brought
- out of the glove-box. The reaction mixture was cooled to -78 °C and #-BuLi (1.7 M in pentane,
0.35 mL, 0.59 mmol) was added dropwise in 5 min. It was allowed to stir at this temperature for
1 h after which the vial was again transferred to a glove-box and CuCl (31.3 mg, 0.32 mmol)
was added to it. The above was stirred for 10 min before adding di-zerz-butyl chlorophosphfne
(0.06 mL, 0.32 mmol) slowly. The vial was brought out of the glove-box and the reaction
rﬁixture was allowed to stir at 130 °C for 12 h. The reaction mixture was cooled and EtOAc (20
mL) and 30% NH4OH (20 mL) were added. The two layers were shaken in a separatory funnel -
and separated. The organic phase was washed with 30% NH4OH until the aqueous phase was no
longer blue. The combined aqueous washes were back-extracted with EtOAc (20 mL) and the
combined organic extracts were washed with brine, dried over Na,SQq, filtered and the solvent
was removed with the aid of a rotary evaporator. The crude material was purified by trituration
in degassed MeOH (0.5 mL) at -20 °C to afford an off-white solid (0.0916 g, 62% yield). 'H
NMR (600 MHz, CDCl;) 6 7.38-7.36 (m, 2H), 7.28-7.25 (m, 2H), 7.17-7.15 (m, 1H), 7.09-
7.07 (m, 1H), 6.93 (s, 1H), 6.81 (d, *Jiyu = 8.4 Hz, 1H), 6.67-6.65 (m, 1H), 4.33 (septet, *Jyupu =
3.6 Hz, 1H), 2.27-2.21 (m, 2H), 2.07 (s, 3H), 1.99 (s, 3H), 1.87-1.83 (m, 2H), 1.70-1.68 (m, |
1H), 1.60 (s, 3H), 1.58-1.56 (m, 1H), 1.52—-1.50 (m, 1H), 1.42—1.35 (m, 3H), 1.22 (d,*Jigp =
12.0 Hz, 9H), 1.16 (d, *Jup = 12.0 Hz, 9H); °C NMR (150 MHz, CDCl;) § 160.76, 160.74,
153.23, 142.57, 139.24, 134;29, 13-3.94, 130.02, 129.70, 129.50, 128.67, 128.47, 128.20,
126.37, 123.67, 123.62, 109.60, 76.62, 33.77, 33.58, 33.32, 33.13, 32.59, 32.49, 32.13, 32.02,
31.87,31.76, 25.90, 25.42, 25.37, 22.40, 22.36, 21.25, 21.01; 'P NMR (161 MHz, CDCl5) §
35.43 ppm.
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" TIP Series

[000232] Synthesis of Ligand TIP-Cy*Phine

iPr . szdba:; iPr
Brj©\ (HO)25\© Sphos Selectfluor LiBr  pr
AL )
i i i [ iPr

iPr iPr KsPO, toluene, 100°C iPr iPr CH5CN, 55°C iPr

) @EBF
Mg, i O cl CIPCy,, CuCl

BrMg O
THF, 70°C iPr iPr THF, 70°C THF, 25°C

TIP-Cy*Phine

2,4 6-triisopropyl-1,1'-biphenyl.

’ iPr
iPr l iPr

.[000233] To a 50 mL oven-dried flask was added 2-bromo-1,3,5-triisopropylbenzene (10.14 g, -
0.036 mol, 1.0 equiv.), phenyl boronic acid (7.32 g, 0.06 mol, 1.6 equiv.), K3PO4 (17.0 g, 0.80
mol, 2.2 equiv), sz(dba)g (0366 g, 0.4 mmol) and SPhos (0.328 g, 0.8 mmol). The flask was
evacuated and back-filled with argon three times prior to 40 mL of dry THF and 40 mL of dry
toluene was added via syringe. The mixture was then stirred and heated in a 100 °C oil bath for
16 hr. Upon reaction completion, as determined by GC-MS, the mixture was filtered through
silica and washed with EtOAc. The filtrate was collected and the solvent was removed under
vacuum. The crude residue was purified by flash chromatography on silica gel using an
EtOAc/hexanes mixture (0 to 10 % EtOAC) as the eluent to get a white solid (9 g, 90 %). 'H - _
NMR (600 MHz, Chloroform-d) 57.42 (dd, J= 8.1, 6.8 Hz, 2H), 7.39 — 7.34 (m, 1H), 7.23 -
7.19 (m, 2H), 7.09 (s, 1H), 2.97 (p, J = 7.0 Hz, 1H), 2.62 (ddd, J=12.7,7.7, 6.4 Hz, 2H), 1.34
(dd, J=7.0, 0.9 Hz, 5H), 1.11 (dd, J= 6.9, 0.9 Hz, 11H) ppm. *C NMR (151 MHz, CDCI3) )
147.82, 146.51, 140.84, 137.08, 129.80, 127.91, 126.40, 120.53, 77.26, 77.05, 76.84, 34.28,
30.28, 24.25, 24.13 ppm.



WO 2015/030682 PCT/SG2014/000413
67

[000234] 3-bromo-2,4,6-triisopropyl-1,1'-biphenyl.

O iPr
O Br
iPr iPr

To a 250 mL oven-dried flask was added 2,4,6-triisopropyl-1,1'-biphenyl (10.0 g, 0.036 mol, 1.0
equiv.), Selectfluor (14.5 g, 0.041 mol), LiBr (3.6 g, 0.041 mol). The flask was evacuated and
back-filled with argon three times prior to 180‘mL of anhydrous acetonitrile was added via
syringe. The mixture was then stirred at room temperature overnight. Upon reaction completion,
the solvent was removed and DCM was added to the crude. The mixture was filtered; the filtrate
was wash with sodium thiosulfate. The organic layer was collected and dry with MgSOs,. The-
crude was then purified with column with Hexane as eluents as the eluent to get a white solid
(11.8 g,91.5 %). 'H NMR (600 MHz, Chloroform-d) 4 7.44 —7.35 (m, 3H), 7.16 (s, 2H), 3.62
(p, /J=6.8 Hz, 1H), 3.08 — 2.88 (m, 1H), 2.49 (p, /= 6.9 Hz, 1H), 1.32 (d, /= 6.9 Hz, 12H),
1.07 (d, J = 6.9 Hz, 6H) ppm. - |

Dicyclohexyl(2',4',6'-triisopropyl-[1,1':3',1"-terphenyl]-2-yl)phos-phane (TIP-Cy*Phine).

[000235] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (0.29 g, 12.2 mmol, 2.2 equiv), 12 mL of THF and 3-bromo-2,4,6-triisopropyl-1,1'-
biphenyl (2 g, 5.6 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath and
stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (1.2 g, 6.2 mmol, 1.1
equiv) at 70°C, after which the mixture was stirred for another 3 h. At this ﬁme, the mixture was
cooled to room temperature and was transferred to another oven-dried flask with charge of CuCl
(27.7 mg, 0.28 mmol, 5 mol %). Additional of 4 mL anhydrous THF was rinsed and also was
transferred. PCy»Cl (1.43 g, 6.2 mmol, 1.1 equiv) was subsequently added at room temperature
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| ~ and stirred overnight (16 h). After the reaction was complete, as determined by *'P NMR and

GC analysis, ethyl acetate was added and the mixture was washed several times with 50 mL of
30 % aq NH4OH. The organic layer was separated, dried with MgSO,, filtered and concentrated
to give the crude product; recrystallization in MeOH affords pure white solid (2.6 g, 84 %),
labelled as TIP-Cy*Phine. 'H NMR (600 MHz, CDCl3) & = 7.39-7.29 (m, 5 H), 7.30-7.19 (m, 4
H), 7.15 (s, 1 H), 2.61 (sep, J= 7.3 Hz, 1 H), 2.45 (sep, J= 6.5 Hz, 1 H), 2.34 (sep, /= 6.9 Hz, 1
- H), 1.92 (m, 3 H), 1.84-1.50 (m, 10 H), 1.24 (m, 12 H), 1.11 (d, /= 6.8 Hz; 3 H), 1.03 (d, J =

6.8 Hz, 3 H), 0.97 (d, J= 6.7 Hz, 3 H), 0.89 (d, J = 6.9 Hz, 3 H), 0.53 (d,J=72Hz, 3 H)ppm. .
Bc NMR (150 MHz, CDCl3) 6 = 149.00 (d, Jcp = 30.5 Hz), 142.42, 139.92, 13‘9.72 (d, Jcp=5.9
Hz), 135.92 (d, Jcp= 18.8 Hz), 135.04, 134.96 (d, Jcp= 1.9 Hz), 134.17, 132.93 (d, Jcp=3.2

Hz), 130.96 (d, Jcp = 5.9 Hz), 129.69 (d, Jcp= 16.0 Hz), 128.90, 128.72, 126.58 (d, Jcp=26.4
Hz), 35.12 (d, Jep= 15.4 Hz), 33.25 (d, Jep= 13.8 Hz), 31.04 (d, Jep = 12.0 Hz), 30.43 (dd, Jep=
27.1, 14.9 Hz), 29.55 (d, Jcp= 10.9 Hz), 28.09 (dd, Jcp= 14.6, 9.5 Hz), 27.65 (d, Jop=10.1 Hz);,
26.86 (d, Jep= 17.5 Hz), 21.85 (d, Jep = 6.2 Hz), 21.31, 20.37 ppm. >'P NMR (243 MHz,
CDCl3) 6 =-11.78 ppm.

Synthesis of Ligand TIP-tBu*Phine

E:[Bf ‘ _ -
| CIP(t-Bu),, CuCl

P r.

THF, 70 °C THF, 25 °C

Mg, iPr
BrMg :

THF, 70°C

iPr

TiP-tBu*Phine

_ Di-tert-butyl(2',4',6'-triisopropyl-[ 1,1':3",1"-terphenyl]-2-yl) phosphane (TIP-tBu*Phine).

[000236] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-2,4,6-triisopropyl-1,1'-
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biphényl (360 fng_, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath and
stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (237 mg, 1.2 mmol, 1.2
equiv) at 70°C, after which was stirred for anothef 3 h. At this time, the mixture was ;:ooled to
room temperature and was transferred to another oven-dried flask with charge of CuCl (99 mg,
1 mmol, 1.0 equiv). Additional of 1 mL anhydrous THF was rinsed and also was transferred.
P(-Bu),Cl1 (199 mg, 1.1 mmol, 1.1 equiv) was subsequenﬂy added at 70°C and stirrgd 24 h.
After the reaction was complete, as determined by 3'P NMR and GC analysis, et_hyifécetat'e was ...
added and the mixture Was washed several times with 50 mL of 30 % aq NH4OH. The organic
layer was separated, dried with MgSOs,, filtered and concentrated- to give the crude product;
recrystallization in MeOH affords pure white solid ( 175 mg, 36 %), labelied as TIP-tBu*Phine.
1H NMR (600 MHz, Benzene-ds) 6 8.06 (d, J= 7.6 Hz, 1H), 7.65 (s, 2H), 7.64 — 7.58 (m, 3H),
7.53(d, J=7.5 Hz, 1H), 7.41 — 7.27 (m, 5H), 3.40 (p, J= 7.1 Hgz, 1H), 2.90 (dp, J = 31.5,6.8
Hz, 2H), 1.60 (d, J = 6.8 Hz, 3H), 1.45 — 1.27 (m, 30H), 1.05 (d, J = 7.2 Hz, 3H) ppm. 3C NMR
(151 MHz, Benzene-ds) & 147.48 , 146.56 , 142.67 , 142.10, 137.10, 136.28 , 132.66 (d, Jcp =
7.1 Hz), 132.29 ,130.89 , 127.19(d, Jep = 12.1 Hz), 126.59 , 125.54, 119.45 ,33.33 - 32.15
(m), 31.26 (d, Jop = 24.6 Hz), 31.08 , 30.79 (d, Jcp = 14.9 Hz), 29.65 , 26.79 ,24.73 , 24.53 ,
24.21,23.57,22.95 ppm. *'P NMR (243 MHz, CDCl3) § =21.88 ppm. |

Synthesis of Ligand TIP-Ph*Phine

' . Br
iPr O Mg, iPr O O; CIPPh,, CuCl
Br: O . |BrMg O , > :
P P THF, 70°C ipr . THF, 70 °C THF, 25°C

r iFr iPr

TIP-Ph*Phine

Diphenyl(2',4',6'-triisopropyl-[1,1":3",1"-terphenyl]-2-yl)phos phane ( TIP-Ph*Phine).
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[000237] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiV),. 1 mL of THF.‘and 3-bromo-2,4,6-triisopropyl-1,1'-
biphenyl (360 mg, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath and
Stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (237 mg, 1.2 mmol, 1.2
equiv) at 70°C, after which was stirred for another 3 h. At this time, the mixture "\;va's cooled to
room temperature and was transferred to another oven-dried flask with charge of CuCl (9.9 mg,
0.1 mmol, 10 mol%) and LiBr (17.4 mg, 0.2 mmol, 20 mol%). Additional of 1 mL anhydrous
THF was rinsed and also was transferred. PPh,Cl (242 mg, 1.1 mmol, 1.1 equiv) was
subsequently and the resulting mixture was stirred 24 h at room temperature. After the reaction
was complete, as détermined by *'P NMR and GC analysis, ethyl acetate was added and the
mixture was washed several times with 50 mL of 30 % aq NH,OH. The organic layer was
separated, dried with MgSOy, filtered and concentrated to give the crude product;
recrystallization in ‘MeOH affords pure white solid ( 221 mg, 41 %), 1abelléd as TIP-Ph*Phine.
'H NMR (600 MHz, Chloroform-d) 8 7.40 (d, J = 7.4 Hz, 1H), 7.36 — 7.30 (m, 7H), 7.28 — 7.26
(m, 4H), 7.24 — 7.18 (m, 7H), 7.13 (d, /= 2.2 Hz, 1H), 2.67 (tt,J= 7.1, 3.5 Hz, 1H), 2.49 (pd, J
=6.9,2.0 Hz, 1H), 2.32 (tt, /= 6.9, 3.4 Hz, 1H), 1.13 (dd, /= 6.9, 1.7 Hz, 3H), 1.06 (dd, J=
6.9, 1.8 Hz, 3H), 1.00 (dd, /= 6.8, 2.0 Hz, 3H), 0.85 (td, J= 7.4, 3.3 Hz, 9H) ppm. 13C NMR
(151 MHz, Chloroform-d) & 148.85 , 147.30 , 145.94 , 142.38 , 141.57 , 137.41 , 137.06 ,
135.33,133.68 ,133.60, 133.55,133.47, 132.00, 130.93, 128.57, 128.33 (dd, Jcp = 6.4, 3.1
Hz), 128.23 ,128.16, 32.47,30.92,29.47 , 25.56 ,24.31 (d, J = 11.3 Hz), 23.71,22.20,21.97
ppm. *'P NMR (243 MHz, CDCl3) & = —17.94 ppm. |

Synthesis of Ligand TIP-Mes*Phine

.. : Br X
Mg, iPr O : :CI CIP(Mes),, CuCl’

BrMg O
THF, 70°C iPr ior THF,70°C THF, 25 °C

Y

TIP-Mes*Phine

Dimesityl(2',4',6'-triisopropyl-[1,1':3',1"-terphenyl]-2-yl)phos phane (TIP-Mes*Phine).
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[000238] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-2,4,6-triisopropyl-1,1'-
biphenyl (360 mg, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath and
stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (237 mg; 1.2 mmol; 1.2
equiv) at 70°C, after which was stirred for another 3 h. At this time, the mixture was cooled to
room temperature and was transferred to another oven-dried ﬂask with charge of CuCl (9.9 mg,
0.1 mmol, 10 mol%) and LiBr (17.4 mg, 0.2 mmol, 20 mol%). Additional of 1 mL anhydrous

' THF was rinsed and also was transferred. Chlorodimesitylphosphane (P(Mes),CI)(335 mg, 1.1
mmol, 1.1 equiv) was subsequently addedbat 70°C and stirred 24 h. After the reaction was
_complete, as determined by *'P NMR and GC analysis, ethyl acetate was added and the mixture
was washed several times with 50 mL of 30 % aq NH4OH. The organic layer was separated,
dried with MgSOs,, filtered and concentrated to give the crude product; recrystallization in |
MeOH affords pure white solid ( 188 mg, 30 %), labelled as TIP-Mes*Phine. 'H NMR (600
MHz, Chloroform-d) 8 7.53 — 7.46 (m, 1H), 7.36 — 7.22 (m, 6H), 7.22 — 7.14 (m, 2H), 7.06 (s,
1H), 6.74 (s, 2H), 2.52 (td, J= 7.1, 1;6 Hz, 1H), 2.45 (td, /= 6.9, 1.7 Hz, 1H), 2.25 (d,J=5.2
Hz, 7H), 1.98 (s, 5SH), 1.92 (s, 5H), 1.09 (ddd, J = 14.2, 6.9, 1.6 Hz, 7TH), 0.95 (dd, /= 6.7, 1.6
Hz, 3H), 0.86 (ddd, J=11.5, 6.9, 1.6 Hz, 7H). ppm. >C NMR (151 MHz, CDCls) § 147.15,
146.65, 146.42, 144.51, 144.43, 144.41, 144.33, 143.00, 141.76, 138.09, 137.98, 136.89,
136.65, 136.36, 136.26, 134.23, 131.96, 131.26, 131.21, 130.53, 129.92, 129.90, 129.88,
129.85, 129.68, 129.53, 126.93, 126.61, 126.52, 126.20, 125.22, 119.08, 32.16, 30.83, 29.37,
26.23, 24.69, 24.66, 23.89, 23.73, 23.64, 23.55, 22.56, 22.23, 22.21, 20.79, 20.77 ppm. Sp
NMR (243 MHz, CDCl;) § = -24.41 ppm.

Synthesis of Ligand TIP-tBu*Phine-CF;
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2B ' S O Selectfiuor, LiBr
Ij\ CF3 K3PO4, toluene, 100°C iPr iPr CH3CN, 50°C
Br O
iPr iPr CF3 @
Ci CIP(t-Bu),, CuCl P(t-Bu),
:‘i‘/ Bng .~ (tBu), e e
Pr THF,'70°C , THF 70 °C_ THF, 25°C

TIP-tBu*Phine-CF3

2,4,6-triisopropyl-4'~(trifluoromethyl)-1,1'-biphenyl.

Fac‘i

[000239] To a 50 mL oven-dried flask waé added 2-bromo-1,3,5-triisopropylbenzene (10.14 g,
0.036 mol, 1.0 equiv.), (4-(trifluoromethyl)phenyl)boronic acid (7.32 g, 0.06 mol, 1.6 equiv.),
K;PO, (17'.0 g, 0.80 mol, 2.2 equiv), Pd,(dba); (0.366 g, 0.4 mmol) and SPhos (0.328 g, 0.8
mmol). The flask was evacuated and back-filled with argon three times prior to 40 mL of dry
THF and 40 mL of dry toluene was added via syringe. The mixture was then stirred and heated
in a 100°C oil bath for 16 hr. Upon reaction completion, as determined by GC-MS, the mixture

- was filtered through silica and washed with EtOAc. The filtrate was collected and the solvent
was removed under vacuum. The crude residue was purified by flash chromatography on silica
gel using an EtOAc/hexanes mixture (0 to 10 % EtOAc) as the eluent to get a white solid (11.1
g, 89 %). 1H NMR (600 MHz, Chloroform-d) & 7.42 (dd, /= 8.1, 6.8 Hz, 2H), 7.39 — 7.34 (m,
1H), 7.23 — 7.19 (m, 2H), 7.09 (s, 1H), 2.97 (p, J = 7.0 Hz, 1H), 2.62 (ddd, J = 12.7, 7.7, 6.4 Hz,
2H), 1.34 (dd, J=7.0, 0.9 Hz, 5H), 1.11 (dd, J=6.9, 0.9 Hz, 11H) ppm. 3C NMR (151 MHz,
CDCls3) 6 147.82, 146.51, 140.84, 137.08, 129.80, 127.91, 126.40, 120.53, 77.26,77.05,76.84,
34.28, 30.28, 24.25, 24.13 ppm.

3-bromo-2,4,6-triisopropyl-4'-(trifluoromethyl)-1,1'-biphenyl.
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FaC O Pro
O Br
iPr iPr

[000240] To a 250 mL oven-dried flask was added 2,4,6-triisopropyl-4'-(trifluoromethyl)-1,1'-
biphenyl (10.0\ g, 0.036. mol, 1.0 equiv.), Selectfluor (14.5 g, 0.041 mol), LiBr (3.6 g, 0.041
mol). The flask was evacuated and back-filled with argon three times prior to 180 mL of
anhydrous acetonitrile was added via syringe. The mixture was then stirred at roofﬁ temperature
overnight. Upon reaction completion, the solvent was removed and DCM was added to the
crude. The mixture was filtered; the filtrate was wash with sodium thiosulfate. The organic layer
was collected and dry with MgSO,. The crude was then purified with coluinn with Hexane as
eluents as the eluent to get a white solid (13.8 g, 90%). 'H NMR (600 MHz, Chloroform-d) &
7.44 —7.35 (m, 3H), 7.16 (s, 2H), 3.62 (p, J = 6.8 Hz, 1H), 3.08 — 2.88 (m, 1H), 2.49 (p, /= 6.9
Hz, 1H), 1.32 (d, J = 6.9 Hz, 12H), 1.07 (d, J = 6.9 Hz, 6H) ppm. |

Di-tert-buty_l(2',4',6'-triisopropyl—4'b'-(triﬂuoromethyl)-[ 1,1': 3',1"-terphenyl]-2-yl)phosphane
(TIP-tBu*Phine-CF3).

TIP-tBu*Phine-CF3

[000241] To an oven-dried flask fitted with a septum was sequentially‘added activated Mg with
DIBAL(105.4 mg, 4.4 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-2,4,6-triisopropyl-4'-
(trifluoromeéthyl)-1,1'-biphenyl (855 mg, 2 mmol, 1.0 equiv). The mixture was then heated to 70
°C in an oil bath and stirred for 2 h prior to the dropwise addition of 2-broméchlorobenZene
o421 mg', 2.2 mmol, 1.1 equiv) at 70°C, after which was stirred fof another 3 h. At this time, the
"mixture was cooled to room temperature and was transferred to another oven-dried flask withA

charge of CuCl (214 mg, 2 mmol, 1.0 equiv). Additional of 1 mL anhydrous THF was rinsed
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and also was transferred. P(#-Bu),Cl (398 mg, 2.2 mmol, 1.1 equiv) was subsequently added at
70°C and stirred 24 h. After the reaction was complete, as determined by *'P NMR and GC
analysis, ethyl acetate was added and the mixture was washed several times with 50 mL of 30 %
aq NH4OH. The organic layer was separated, dried with MgSO,, filtered and coﬁcentrated to
give the crude product; recrystallization in MeOH affords pure White solid ( 318 mg, 28 %),
labelled as TIP-tBu*Phine-CF3. '"H NMR (600 MHz, Chloroform-d) & 7.87 (d, J= 7.3 Hz, 1H),
7.66 —7.62 (m, 1H), 7.60 (d, J= 8.1 Hz, 1H), 7.42 (dd, /= 13.4, 7.7 Hz, 2H), 7.34 (s, 2H), 7.17
(s, 1H), 2.81 (t, J = 7.4 Hz, 1H), 2.45 (dd, J= 9.9, 4.2 Hz, 1H), 2.35 (p, J = 6.8 Hz, 1H), 1.24 (4,
J=6.8 Hz, 3H), 1.17 (t,J=12.7 Hz, 17H), 1.12 (d, J = 6.8 Hz, 3H), 1.06 (d, J= 6.9 Hz, 3H),
1.01 (d, J= 6.7 Hz, 3H), 0.91 (d, J= 7.1 Hz, 3H) ppm. *C NMR (151 MHz, Chloroform-d) &
149.31 (d, Jop= 33.1 Hz), 146.69 , 146.55 , 146.20 , 142.14 , 138.22 (d, Jcp = 4.5 Hz), 136.89
(d, Jep =30.9 Hz), 136.17 , 135.61 , 132.53 ,:132.31 (d, Jcp = 7.0 Hz), 130.98 , 129.03 , 128.22 ,
127.54 ,125.37,123.98 (d, Jep = 3.9 Hz), 123.76 (d, Jcp = 3.7 Hz), 119.35 , 32.75 (dd, Jcp =
©25.3,13.8 Hz), 32.29 (d, Jep = 2.5 Hz), 31.00 (t, Jop = 15.1 Hz), 29.43 , 26.45 , 24.31 ,24.22
23.49 ,22.79 ppm. >'P NMR (243 MHz, CDCls) & = 22.42 ppm. °F NMR (376 MHz, CDCL;) &
- =-61.91 ppm.

Synthesis of Ligand TIP-Cy*Phine-CF3

CF | Br
: . 3 . CF :
iPr ‘ M iPr O 3 ©:
g,
Br“O - Brmgt‘ o cronao
iPr Pr- THF, 70°C . O . THF, 70 °C THF, 25 °C

iPr iPr _

TIP-Cy*Phine-CF3

TIP-Cy*Phine-CF3

[000242] Dicyclohexyl(2',4',6'-triisopropyl-4"-(trifluoromethyl)-[1,1": 3',1"-terphenyl]-2-
yl)phosphane (TIP-Cy*Phine-CF3). To an oven-dried flask fitted with a septum was sequentially
added activated Mg with DIBAL(54.8 mg, 2.2 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-
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2,4,6-triisopropy1-4'—(triﬂuoromethy])—1,1'—bipheﬁy1 (428 mg, 1 mmol, 1.0 equiv). Thé mixture
was then heated to 70 °C in an oil bath and stirred for 2 h prior to the dropwise addition of 2- -
bromochlorobenzene (211 mg, 1.1 mmol, 1.1 equiv) at 70°C, after which was stirred for another -
3 h. At this time, the mixture was cooled to room témperaturt; and was transferred to another
oven-dried flask with charge of CuCl (5 mg, 0.05 mmol, 5 mol%). Additional of I mL
anhydrous THF was rinsed and also was transferred. PCy,Cl (245 mg, 1.1 mmol, 1.1 equiv) was
subsequently added at room temperature and stirred 24 h. After the reaction was complete, as
determined by >'P NMR and GC analysis, ethyl acetate was added and the mixture was washed
several times with 50 mL of 30 % aq NH4OH. The organic layer was separated, dried with
MgSOs,, filtered and concentrated to give the crude product; recrystallization in MeOH affords
pure white solid ( 360 mg, 58 %), labelled as TIP-Cy"fPhine-CFg. 'H NMR (400 MHz, Benzene-
de) 8 7.71 (d, J= 6.7 Hz, 1H), 7.63 (s, 1H), 7.58 — 7.47 (m, 4H), 7.46 — 7.39 (m, 2H), 3.21 (p,] |
=7.1 Hz, 1H), 2.86 (p, /= 6.9 Hz, 1H), 2.67 (p, J = 6.8 Hz, 1H), 2.15 (d, J = 12.5 Hz, 3H), 2.06
—1.77 (m, 16H), 1.65 (d, /= 6.9 Hz, 3H), 1.51 — 1.38 (m, 3H), 1.33 (dd, J = 8.6, 6.7 Hz, 8H),
1.24 (d, J=7.2 Hz, 3H), 0.95 (d, J = 7.2 Hz, 3H) ppm. °C NMR (151 MHz, Benzene-dg) &
148.59 (d, Jcp = 31.3 Hz), 146.17 , 139.88 (d, Jcp = 6.0 Hz), 138.27 , 136.24 (d, Jcp = 20.9 Hz),
135.44 ,134.14,132.72 (d, Jcp = 2.8 Hz), 130.67 (d, Jcp = 5.9 Hz), 130.07 , 129.82, 129.03,
128.66 , 126.51 , 125.54 (dd, Jcp = 12.6, 3.8 Hz), 34.33 (d, Jop = 16.5 Hz), 34.01 (d, Jep = 16.1
Hz), 31.17 - 30.69 (m), 30.62 , 29.99 (d, Jep = 14.9 Hz), 29.75 (d, Jcp = 13.4 Hz), 28.12 - 26.87
(m), 26.59 (d, Jep = 9.2 Hz), 21.57 , 20.62 , 20.06 ppm. >'P NMR (243 MHz, CDC13) d=-11.67
ppm. °F NMR (376 MHz, CDCl3) § =-61.92 ppm.

Synthesis of Ligand TIP-tBu*Phine-OMe

1 mol% Pdy(dba)s

OMe 2 mol% Sphos O OMe

[ . 2 equiv. K3PO,4 - I

THF/Touene (1/1)
100°C, 16 h

B(OH),

3-iodo-2,4,6-triisopropyl-4'-methoxy-1,1'-biphenyl.

OMe
OO
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'[000243] To an oven-dried 50 mL flask, 2,4-diiodo-1,3,5-triisopropylbenzene (2.5 g, 5.5 mmol,
1.0 equiv.), 4-methoxyphenylboronic acid (1.25 g, 8.3 mmol, 1.5 equiv.), K3PO4 (2.33
g,11mmol, 2 equiv.), Pdy(dba); (51mg, 0.005mmol, 1 mol%) and Sphos (45mg, 0.011mmol, 2
mol%) were added. The flask was then vacated for 5 min and back-filled with argon prior to the
addition of anhydrous THF (5.5 mL) ahd toluene (5.5 mL). The resulting mixture was heated to
1000C in a preheated oil bath with vigorous stirring for 16 h. At this time, the mixture was
cooled to room temperatureb and was filtered through a pad of silica and washed with ethyl
acetate. The filtrate was collected and the solvent was removed via rotavap. The crude was
purified through silica column with gradient solvent of pure hexane to ethyi acetate / hexane
(1:10) to get a white solid (720 mg, 30%). "H NMR (600 MHz, CDCls) § = 7.09-7.03 (m, 3H),
6.95-6.90 (m, 2H), 3.88 (s, 3H), 3.52 (q, /= 6.6 Hz , 1H), 3.16 t,J= 6.52 Hz ,1H), 2.51-.49 (m,
~1H), 1.37(d, /=72 Hz, 2H),1.31 (d,J = 66Hz6H)104(t J 7.2 Hz,6H), 0.89 (d, J = 72Hz,
3H) ppfn BC NMR (150 MHz, CDCl;) 6 = 158.49, 150.74, 150. 46, 148.71, 146.71, 138.33,
132.22, 132.01, 129.84, 120.67, 120.52, 113.61, 112.50, 109.99, 55.19, 42.56, 40.39, 38.97,
34.09, 30.47, 29.08, 24.05, 23.95, 23.56, 23.51,‘ 22.79, 20.09 iapm.

Mgl B  Libr
Diabl-H (2 mol% CuCl

iPr : C(CI
THF O CIP(t-Bu);
70°C,3h [ ) O |
- iPr OMe

Mg (2.5eqv) ) "I o

OMe

TIP-tBu*Phine-MeO

- di-tert-butyl(2',4',6'-triisopropyl-4"-methoxy-[ 1,1":3',1"-terphenyl]-2-yl)phosphane (TIP-
tBu*Phine-OMe).

TIP-tBu*Phine-MeO .
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[000244] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL(54.8 mg, 2.2 mmol, 2.2 equiv), | mL of THF and 3-iodo-2,4,6-triisopropyl-4'-methoxy-
1,1'-biphenyl (435 mg, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath
and stirred for 3 h prior to the dropwise addition of 2-bromochloro‘benzene (286 mg, 1.5 mmol,
1.5 equiv) at 70°C, after which was stirred for another 16 h. At this time, the mixture was cooled
to room temperature. On a separated oven-dried 20 mL flask was charged with CuCl (10 mg, 0.1
mmol, 10 mol%) and LiBr (17.4 mg, 0.2 mmol, 20 mol%) and anhydrous toluene (2 mL) and |
was allowed to stir for 5 min. The Grignard reagent was diluted with 5 mL of anhydrous toluene
and was transferred into the ﬂask followed by addition of P(#-Bu),Cl (200 mg, 1.2 mmol, 1.2
equiv.). The flask was capped under érgon and the resulting mixture was heated to 120°C in a
preheated oil bath with vigorous stirring for 18 h. After the reaction was complete, as
determined by >'P NMR and GC analysis, ethyl acetate was added and the mixture was washed
several times with 50 mL of 30 % aq NH4OH. The organic layer was separated, dried with
MgSOq, filtered and concentrated to give the crude product; recrystallization in hexane/MeOH

- affords pure white solid ( 165 mg, 31 %), labelled as TIP-tBu*Phine-OMe. 'H NMR (400 MHz,
'CD'C13)8 7.85 (d, J=7.62 Hz,1H), 7.44 (s, 1H), 7.43-7.27 (m, 1H), 7.27-7.26 (m, 1H), 7.25- -
7.22 (m, 1H), 7.22-7.17 (m, 1H), 7.12-7.11 (m, 1H), 6.78-6.75 (m, 2H), 3.30 (s, 3H), 3.20 (q, J
= 7.08Hz 1H), 2.80 (g, J = 6.84, 1H), 2.66 (q, J=6.72, 1H), 1.39 (d, J = 6.78 Hz, 3H), 1.20-
1.13 (m,30H), 0.92 (d, J = 7.2Hz, 3H) ppm. >*C NMR (151 MHz, CDCls) 5 148.59 (d, Jcp =
313 sz, 158.58, 150.11, 149.89, 147.91, 146.33, 143.03, 138.49, 137.41, 137.19, 136.98,
136.14, 133.07, 132.58,.132.54, 131.62, 125.39, 119.29, 112.29, 112.39, 54.28, 32.82, 32.80,
32.70, 32.61, 32.53, 32.43, 31.20, 31.06, 30.96, 30.69, 30.59, 29.52, 26.69, 24.56, 24.48, 24.11,
23.60, 22.8 ppm. >'P NMR (243 MHz, CDCl;) & = 21.57 ppm.

TOM/TOP Series

Synthesis of Ligand TOM-Cy*Phine
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OMe OMe @( BOM), OMe O |
f NBS, MeCN Br i O NBS, MeCN
MeO OMe reflix  MeO Ome  Pdodbag SPhos,  Meo OMe  ofux
KPO,, THF

- -
— -

O'V'e M OMe @ -
g, >
Br: O Bng O Ci C'PCYQ, CuCl
Me0” 7 “oMe THF.70°C

MeO

oM. | THFR.70°C - THF, 25°C

TOM-Cy*Phine
2-bromo-1,3,5 -trimethoxybenzeﬁe.

Br
MeO OMe

OMe

[000245] To an oven-dried flask fitted with a septum was sequentially added 1,3,5-
trimethoxybenzene (1.68 g, 10 mmol, 1.0 equiv.), N-Bromosuccinimide (1.78 g, 10 mmol, 1.0
eciuiv.) and 10 mL anhydrous acetonitrile. The resulting mixture was heated to 800C for 5 h
under vigorous stirﬁng. At this time, the mixture was cooled to room temperature and filtered.
The solvent was removed under vacuum to get a crude product which was purified through

~ silica column with 8 v% of ethyl acetate in hexane to get a white solid (1.48 g, 60%). 'H NMR
(600 MHz, Chloroform-d) & 6.18 (s, 2H), 3.89 (s, 6H), 3.83 (s, 3H) ppm.

2,4,6-trimethoxy-1,1'-biphenyl.

MeO OMe

OMe

[000246] To a 50-mL oven-dried flask was added 2-bromo-1,3,5-trimethoxybenzene (4.9 g, 20
mmol, 1.0 equiv.), phenylboronic acid (3.6 g, 30 mmol, 1.5 equiv.), K3PO4 (8.5 g, 40- mmol, 2.0
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equiv), Pdx(dba); (0.368 g, 0.4 mmol) and SPhos (0.328 g, 0.8 mmol). The flask was evacuated

and béck—ﬁlled with argon three times prior to 12 mL of dry THF and 12 mL of dry toluene was

added via syringe. The mixture was then stirred and heated in a 100°C oil bath for 16 hr. Upon

reaction completion, as determined by GC-MS, the mixture was filtered through silica and
“washed with EtOAc. The ﬁitrate was collected and the solvent was removed under vacuum. The

crude residue was purified by flash chromatography on silica gel using an EtOAc/hexanes

mixture (0 to 10 % EtOAc) as the eluent to get a white solid 2,4,6-trimethoxy-1,1'-biphenyl (3.5

g, 72%). '"H NMR (600 MHz, Chloroform-d) § 7.50 — 7.28 (m, 5H), 6.26 (s, 2H), 3.89 (s, 3H),

3.74 (s, 6H) ppm. ' |

3-bromo-2,4,6-trimethoxy-1,1"-biphenyl.

[000247] To an ovep-dried flask fitted with a septum was sequen_tially added 2,4,6—trimethoxy-
1,1"-biphenyl (2.53 g, 10.4 mmol, 1.0 equiv.), N-Bromosuccinimide (1.84 g, 10.4 mmol, 1.0
equiv.) and 20 mL anhydrous acetonitrile. The resulting fnixture was stirred at room temperature
overnight At this time, the mixture was cooled to room temperature and filtered. The solvent
was removed under vacuum to get a crude product which was purified through silica column
with 8 v% of ethyl acetate in hexane to get a white solid (3.06 g, 95%). 'H NMR (600 MHz,
Chloroform-d) & 7.49 — 7.20 (m, 5H), 6.40 (s, 1H), 3.95 (s, 3H), 3.74 (s, 3H), 3.37 (s, 3H) ppm.

Dicyclohexyl(2',4",6"-trimethoxy-[1,1":3',1"-terphenyl]-2-y1) phosphane (TOM-Cy*Phine).
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TOM-Cy*Phine

[000248] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-2,4,6_-trimethoky—1,1'-
biphenyl (323 mg, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath énd
stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (237 mg, 1.2 mmol, 1.2
equiv) at 70°C, after which was stirred for another 3 h. At this time, the mixture was cooled to

_ rodm temperature and was transferred to another oven-dried flask with charge of CuCl (9.9 mg,
0.1 mmol, 10 mol%). Additional of 1 mL anhydrous THF was rinsed and also was transferred.
PCy,Cl (245 mg, 1.1 mmol, 1.1 equiv) was subsequently added and stirred 16 h at room
temperature. After the reaction was complete, as determined by *'P NMR and GC analysis, ethyl
acetate was added and the mixture was washed several times with 50 mL of 30 % aq NH4OH.
The organic layer was separated, dried with MgSO,, filtered and concentrated to give the crude
product; recrystallization in MeOH affords pure white solid (232 mg, 45 %), labelled as TOM-
Cy*Phine. 'H NMR (600 MHz, Chloroform-d) 6 7.61 (d, J=7.6 Hz, 1H), 7.48 - 7.40 (dd, /=
8.4, 6.9 Hz, 3H), 7.35 (td, J = 7.4, 1.6 Hz, 3H), 7.32 — 7.23 (m, 2H), 6.40 (s, 1H), 3.82  (s, 3H),
3.78 (s, 3H), 3.01 (s, 3H), 1.95 — 1.58 (m, 11H), 1.39 — 0.94 (m, 11H) ppm. *C NMR (151
MHz, Chloroform-d) 6 157.46 , 156.91 (d, Jcp = 9.9 Hz), 143.02, 142.80, 136.87 , 136.75,
134.71,132.37 (d, Jop = 3.7 Hz), 131.19, 127.95 , 127.61 , 126.35, 126.16 , 118.18 , 116.25,
90.45,60.16 ,55.62,55.24 ,34.27 (t, Jcp = 13.7 Hz), 30.29 (d, Jcp = 17.1 Hz), 30.02 (d, Jcp =
12.7 Hz), 29.79 (d, Jcp = 14.9 Hz), 29.30 (d, Jcp = 8.8 Hz), 27.59 - 27.35 (m), 26.56 (d, Jcp =
15.9 Hz) ppm. *'P NMR (243 MHz, CDCl3) § = —8.55 ppm.

Synthesis of Ligand TOM-tBu*Phine



WO 2015/030682 ) PCT/SG2014/000413

81 |
| Br |
M Qe . C[CI gfgaub' P(t-Bu)y.
Br , Brig . Mo
MeO O oMe THR.70°C | yoo O ome | THR70°C THF, 70°C.

_ OMe |
7 TOM{BuwPhine

Di-tert-buty1(2',4',6'-trimeth6xy—[ 1,1":3",1"-terphenyl]-2-yl)phosphane (TOM-tBu*Phine).

TOM-tBu*Phine

[000249] To an oven-dried flask fitted with a sepfuﬁl was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiv), ] mL of THF and 3-bromo-2,4,6-trimethoxy-1,1'-
biphenyl (323 mg, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath and
stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (237 mg, 1.2 mmol, 1.2
equiv) at 70°C, after which was stirred for another 3 h. At this time, the mixture was cooled to
room temperature and was transferred to another oVe’ri—dried ﬂask with charge of CuCl (99 mg,
1 mmol, 1.0 equiv). Additional of 1 mL anhydrous THF was rinsed and also was transferred.
P(#-Bu),C1 (199 mg, 1.1 mmol, 1.1 equiv) was subsequently added and stirred- 16 h at 70°C.
After the reaction was complete, as determined by *'P NMR and GC analysis,"ethyl acetate was
added and the mixture was washed several times with 50 mL of 30 % aq NH4OH. The organic
layer was sepafated, dried with MgSO,, filtered and concentrated to give the crude product;
recrystallization in MeOH affords pure white solid (121 mg, 26%). "H NMR (600 MHz,
Chloroform-d) 6 7.87 (d, J= 7.7 Hz, 1H), 7.48 — 7.43 (m, 2H), 7.42 — 7.36 (m, 3H), 7.34 - 7.27
(m, 2H), 7.25 (ddd, J="7.8, 3.8, 1.6 Hz, 1H), 6.39 (s, 1H), 3.84 (s, 3H), 3.76 (s, 3H), 2.98 (s,
3H),1.24 (d,J=11.6 Hz, 9H), 1.18 (d, /= 11.4 Hz, 9H) ppm. >C NMR (151 MHz,
Chloroform-d) 8 157.28 , 156.89 , 156.68 , 143.81 , 143.58 , 138.38 (d, Jcp = 25.9 Hz), 135.30
(d, Jep = 3.7 Hz), 134.72 ,'131.37 (d, Jep = 6.6 Hz), 131.20, 127.78 , 127.59 , 126.28 , 125.43 ,
118.92,116.16 ,90.54 ,59.84 ,55.65 ,55.03 , 32.03 (dd, Jcp = 24.7, 15.3 Hz), 30.68 (dd, Jcp =
15.6, 10.3 Hz) ppm. >'P NMR (243 MHz, CDCl;) & = 24.17 ppm.
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Synthesis of Ligand 250Me-TOM-Cy*Phine
OMe
Br

, . OMe
. O'V‘e M OMe » e

9, OMe CIP(t-Buj,, CuCl  MeO P(t-Bu),
. Br_______. BrMg O i - (tBu), > MeO OMe
MeO ome THR.70°C | oo OMe THF, 70 °C THF, 120°C -

250Me-TOM-tBu*Phine

Di-tert-butyl(2',3,4',6,6'-pentamethoxy-[1,1":3',1"-terphenyl}-2-yl)phosphane (250Me-TOM-
tBu*Phine). | '

OMe

P(t-Bu),
OMe

25MeOTOM-tBu*Phine

[000250] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-2;4,6-trimefhoxy-1,1'-
biphenyl (323 mg, 1 mmol, 1.0 equiv). The mixture was .then heated to 70 °C in an oil bath and.
stirred for 2 h prior to the dropwise addition of 2-bromo-3-iodo-1,4-dimethoxybenzene (410 mg,
1.2 mmol, 1.2 equiv) dissolved in anhydrous THF at 70°C, after which was stirred for another
12 h. At this time, the mixture was cooled to room témpera’aire and was transferred to another
oven-dried flask with charge of CuCl (99 mg, 1 mmol, 1.0 equiv). Additional of 1 mL
anhydrous THF was rinsed and also was transferred. P(+-Bu),Cl (199 mg, 1.1 mmol, 1.1 equiv)
was subsequently added at 120°C and stirred 24 h. After the reaction was complete, as
determined by *'P NMR and GC analysis, ethyl acetate was added and the mixture was washed
several times with 50 mL of 30 % aq NH4OH. The organic layer was separated, dried with
MgSO,, filtered and concentrated to give the crude product; recrystallization in MeOH affords
pure white solid ( 157 mg, 30 %), labelled as 250Me-TOM-tBu*Phine. "H NMR (600 MHz,

- Chloroform-d) 6 7.48 (dd, J= 8.2, 1.4 Hz, 1H), 7.39 (t, /= 7.7 Hz, 2H), 7.29 (m, 2H), 6.95 (d, J
= 9.0 Hz, 1H), 6.82 (d, /= 9.0 Hz, 1H), 6.46 (s, 1H); 3.88 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H),
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3.74 (s, 3H), 3.07 (s, 3H), 1.42 (d, J = 14.6 Hz, 9H), 1.28 (d, J = 15.0 Hz,9H) ppm. '°C NMR
(151 MHz, CDCl3) 5 158.02, 157.04, 156.76, 152.75, 152.41, 134.33, 131.74, 131.12, 127.66,
126.49, 11730, 116.96, 111.53, 109.98, 96.49, 91.80, 77.27, 77.06, 76.85, 60.13, 56.84, 56.76,
56.12, 55.76, 38.57, 38.46, 31.13, 31.10, 28.40, 28.33, 28.19, 28.13, 25.75 ppm. *'P NMR (243
MHz, CDCL;) 8 =65.94 ppm. - = |

Synthesis of Ligand TOP-Cy*Phine

_ , - B(OH),
OH iPrBr OPr . \Bs _ OiPr @ : OiPr O :
K,CO3 /@ MeCN /@Br _ O _
HOQOH PrOi OPr 1t proi”~oipr  Pdadbay  po; OiPy

DMF, 60°C
SPhos
KsPO,
. 0O
NBS OiPr Mg OiPr @:
MeCN Br | Brivg O Cl . CIPCy,, CuCl b
" poi opr THR70°C | o 0 NP opr THF,70°C . THF,25°C

TOP-Cy*Phine
1,3,5-triisopropoxybenzene.

PrOi OiPr

OiPr

[000251] Phloroglucinol (1 equiv), KoCO; (6 equiv), DMF (2ml/mmol) and 2-bromo-propane (6
equiv) were added to a reaction vial and a screw cap was fitted to it. The reaction mixture was
stirred under air in a closed system at 100°C for 24h. The reéulting mixture was cooled to room
temperature and H>O (20 mL) was added and the product was extracted with Et,0 (3 x 20 mL).
The organic layer was washed with H20'(4 x 20 mL), dried (Mg>S0O,) and the solvent was
removed under reduced pressure. The crude product was purified by silica-gel column
chromatography to afford the pure product (92:8 petroleum ether/ethyl acetate) in 50% yield. '"H-
NMR (600 MHz, CDCl3): § 6.03 (s, 3H), 1.32 (d, J = 6.0 Hz, 18H). >C NMR (600 MHZ,
CDCLy): 6 159.7, 96.1, 69.8, 22.1.

2-bromo-1,3,5-triisopropoxybenzene.
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Br
PrO _QOiPi

 OiPr

- [0002_52] To an oven-dried flask fitted with a sepfum was sequentially added 1,3,5-.
-triisopropylbe'nzene (0.25 g, 1 mmol, 1.0 eqﬁiv.), N-Bromosucciﬂimide (0.178 g,,q();lfmm'ol,-;_l‘ 0
equiv.) and 2 mL anhydrous acetonitrile. The resulting mixture was stirred at room temperature
overnight. The solvent was removed under vacuum to get a crude product which was purified
through silica column with gradient solvent from pure hexane to 4 v% of ethyl acetate in hexane
to get a pure product (0.33 g, 90%). '"H NMR (600 MHz, Chloroform-d) 6 6.15 (s, 2H), 1.36 (d,
J=6.1 Hz, 12H), 1.32 (d,J= 6.0 Hz; 6H) ppm.

2.4,6-tripropoxy-1,1'-biphenyl.
PrOi OiPr

OiPr

[000253] To a 50 mL oven-dried flask was addéd 2-bromo-1,3 5-triisoprop0xybenzeﬁe (l1g,3
mmol, 1.0 equiv.), phenylboronic acid (0.55 g, 4.5 mmol, 1 5 equiv.), K3PO4 (1.27 g, 6 mmol,
2.0 equlv) sz(dba)g, (0.0.27 g, 0.03 mmol) and SPhos (0. 025 g, 0.06 mmol) The flask was
evacuated and back-filled with argon three times prior to 12 mL of dry THF and 12 mL of dry
toluene was added via syringe. The mixture was then stirred and heated in a 100°C oil bath for
16 hr. Upon reaction completion, as determined by GC-MS, the mixture was filtered through
silica and washed with EtOAc. The filtrate was collected and the solvent was removed under
vacuum. The crude residue was purified by flash chromatography on silica gel using an
petroleum ether/ethyl acetate (92:8) as the eluent to get a whité solid (0.81 g, 82%). '"H NMR
(600 MHz, Chloroform-d) 6 7.45 — 7.42 (m, 1H), 7.36 — 7.29 (m, 4H), 6.21 (s, 2H), 1.37 (d, J =
6.1 Hz, 6H), 1.14 (d, J = 6.1 Hz, 12H) ppm.
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3-bromo-2,4,6-triisopropoxy-1,1'-biphenyl.
PrOI O oiPr
- : Br

' OiPr

[000254] To an oven-dried flask fitted with a séptum was sequentially added 2,4,6-tripropoxy-
1,1'-biphenyl (0.8 g, 2.45 mmol, 1.0 equiv.), N-Bronﬁosuccinimide (0.44 g, 2.45 mmol, 1.0
equiv.).and 5 mL anhydrous acetonitrile. The resulting mixture was stirred at room temperature
overnight. At this time, the mixture was cooled to room temperature and filtered. The solvent
was removed under vacﬁum to get a crude product whichi was purified through silica column -
with 6 v% of ethyl acetate in hexane to get a white solid ‘(0.9‘ g’,‘ 72%). "H NMR (600 MHz,

- Chloroform-d) 6 7.41 —7.31 (m, 5H), 6.41 (s, 2H), 1.41 (d, /= 6.1 Hz, 6H), 1.13 (d, J=46.1 Hz,
6H), 0.94 (d, J = 6.2 Hz, 6H) ppm. | | |

Diphenyl(2',4',6'-trimethoxy-[1,1':3',1"-terphenyl]-2-yl)phos-phane (TOP-Cy*Phine).

TOP-Cy*Phine

[000255] To an oven-dried flask fitted with a septum was sequentially added activated Mg with
DIBAL (52.8 mg, 2.2 mmol, 2.2 equiv), 1 mL of THF and 3-bromo-2,4,6-triisopropyl-1,1'-
biphenyl (348 mg, 1 mmol, 1.0 equiv). The mixture was then heated to 70 °C in an oil bath and
stirred for 2 h prior to the dropwise addition of 2-bromochlorobenzene (237 mg, 1.2 mmol, 1.2
equiv) at 70°C, after which was stirred for another 3 h. At this time, the mixture was cooled to
room femperature and was transferred to another oven-dried flask with charge of CuCl (9.9 mg,
0.1 mmol, 10 mol%). Additional of 1 mL anhydrous THF was rinsed and also was transferred.

PCy,Cl (245 mg, 1.1 mmol, 1.1 equiv) was subsequently added and stirred 24 h at room
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~ temperature. After the reaction was complete, as determined by *'P NMR and GC analysis, ethyl
acetate was 'addéd and the mixture was washéd several times with 50 mL of 30 % aq NH;OH.
The organic layer was separated, dried with MgSOs, filtered and concentrated to give the crude
product; recrystalhzatlon in MeOH affords pure white solid ( 175 mg, 36 %), labelled as TOP-
Cy*the 31P NMR (243 MHz, CDC13) 5 =_8.15ppm.

" Modified TIP Series
Synthesis of Ligand 2MeOTIP-tBu*Phine

OCHs

‘| OCH;
® O e O]
Pr

: . » : iPr
A BrI:EPh Mg, DIBAL g g O __
ProNjipr THF, 70°C ° jpr iPr

2-iodo-2',4',6'-triisopropyl-3-methoxy-1,1":3",1"-terphenyl.

- nBuli

F  THF, 78°C

2MeOTIP-1

'[000256] A 10 mL oven-dried Schlenk tube was charged with magnesium (57.6 mg, 2.4 mmol)
and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was added and
stirred for 5 min to activate magnesium. 2-bromo-1,3,5-triisopropylbenzene (566 mg, 2 mmol)
was added potion-by-potion with vigorous stirring. The tube was capped with a rubber septum
and was heated to 70°C for 2 h (A). In another 10 mL oven-dried Schlenk tube was charged with
1-fluoro-3-methoxybenzene (126.2 mg, 1 mmol) and anhydrous THF (3.5 mL). The tube was
cooled to -78°C and 1.6 M n-BulLi solution in hexane (0.64 mL, 1 mmol) was added dropwise

over 10 min under vigorous stirring. The mixture was stirred at -78°C for 40 min (B). A was
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transferred inté to B by syringe over 15 min at —78°C. An additional 1 mL of THF was used to
rinse the reaction and wz;s also transfered to B. The combined reaction mixture was stirred at -
- “78°C for another 1 h and then slowly warmed to room temperature and v1gorously stirred for
' overnlght At this t1me the mixture was cooled to OoC using ice bath, and iodine (762 mg, 3
bmmol) in 4 mL anhydrous THF was added drop-wise over 5 min, then the reaction mixture was -
stirred for 30 min, and then warmed to stir at room temperéture for 2 h. Then the mixture was
.quenched with saturated Na;S705.(aq.) solutlon until the red color of bromine dlsappeared The
aqueous phase was extracted with Et,0 (10 mL x 3) and the combined organic phases were
dried over anhydrous MgSOy. After concentration, the crude product was purified by silica gel
chromatography (EtOAc / petroleum ether = 1/20) follovwed by crystallization in methanol to get
a white solid (205 mg, 40%), labeled as 2MeOTIP-1. 'H NMR (600-MHz, Chloroform-d) § 7.45
~17.37 (m, 4H), 7.36 — 7.32 (m, 3H), 7.00 — 6.96 (m, 1H), 6.85 (dd, /= 8.2, 1.4 Hz, 1H), 4.02 (s,
3H), 2.76 (p, J = 7L2 Hz, 1H), 2.58 (p, /=69 Hz, 1H), 2.44 (p, /= 6.9 Hz, 1H), 1.33 (d, /= 6.8
Hz, 3H), 1.19 (d, /= 6.9 Hz, 3H), 1.14 (d, /=69 Hz, 3H), 1.10(d, J=6.9 Hz, 3H), 0.88 (d, /=
7.3 Hz, 3H), 0.81 (d, J= 7.3 Hz, 3H) ppm. 1»3C NMR (151 MHz, CDCl;) 6 158.16, 148.92,
147.49, 145.41, 141.5\9 140.23, 138.02, 130.75,129.31, 128.40, 127.95, 127.09, 126.38,
119.70, 108.54, 77.24, 77.03, 76.82, 76.82, 56.41, 32.36, 30.59, 29.70, 25.09, 24.41, 24.33,
24.26, 23.55, 23.16, 22.81, 20.85 ppm.

1) 1.5 equiv tBuLi
2) 1.0 equiv CuCl

—
_—

3) 1.1 equiv CIP(t-Bu)s,
Toluene, 120°C, 24 h

2MeOTIP-tBu*Phine

Di-tert-buty1(2',4',6'—triisopropy1¥3 -methoxy-[1,1':3',1"-terphenyl]-2-yl)phosphane (2MeOTIP-
tBu*Phine).
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© 2MeOTIP-tBu*Phine -

[000257] A 10 mL oven-dried Schlenk tube was charged with 2MeOTIP-iodide (256 mg, 0.5
mmol) and anhydrdus toluene (1.0 mL). The tube was capped with a rubber septum and was
cool‘ed to -78°C and 1.7 M t-BuLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h
(A). In another 10 mL oven-dried Schlenk tube was charged with CuCl (49.5 mg; 0.5 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syfinge over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction >and was also transferred to B. Subsequently, di-tert-
butylchlorophosphine (108 mg, 0.6 mmol, 1;1 equiv.) in anhydrous toluene (1 mL) was injected
slowly through syringe into the above mixture at -78°C. The combined reaction mixture was
placed into preheated 120°C oil bath and stirred vigorously for 24 h. At this time, the mixture
was éodléd room temperature, diluted with water (10 mL) and EtOAc (50 mL), and the layers
were Separated; The organic phase was waShed with 28% NH4OH (aq.) (20 mL x 5), and brine
(10 mL), suecessively. The combined équeous phases were extracted with additional EtOAc (30
mL). The combined organic phases were dried over anhydrous MgSO4 and filtered. After
concentration, the crude product was fecrystallized with MeOH to get a white solid (160 g,

- 60%), labeled as 2MeOTIP-tBu*Phine. 'H NMR (400 MHz, Benzene-ds) & 7.57 (s, 1H), 7.55 -
7.42 (m, 2H), 7.25 - 7.14 (m, SH); 6.57 (dd, /= 7.6, 1.7 Hz, 1H), 3.46 — 3.36 (m, 1H), 3.36 (s,
3H), 2.94 —2.72 (m, 2H), 1.55 (d, /= 6.7 Hz, 3H), 1.42 (dd, J=17.9, 12.0 Hz, 18H), 1.33 (dd, J

=16.0, 6.8 Hz, 6H), 1.27 (dd, J= 6.9, 2.5 Hz, 6H) ppm. *C NMR (151 MHz, Benzene-ds) &
161.90, 152.51 ,147.08 ,142.77 ,142.12, 139.30, 137.51, 132.19, 130.77 , 128.90 , 126.39 ,
124.86,119.34 (d, Jcp = 54.0 Hz); 112.17,108.67,53.11,34.13 , 32.81 (d, Jcp = 3.5 Hz),
32.30, 31.56 (dd, Jc.p = 16.3, 11.8 Hz), 29.50 , 26.82 , 24.59 (d, Jcp = 29;7 Hz), 24.04,23.93 -
22.62 (m) ppm. >'P NMR (243 MHz, CDCl3) & = 33.05 ppm.

Synthesis of Ligand 2MeO-5MeTIP-tBu*Phine
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) - OC.H"’-".?' nBuli - QCH,
| @ — )
o F THF, -78°C,
lp

CH; ' CH3
Pro o

- Mg, DIBAL fPr
Pr pr THF,70°C  jpr iPr

2-iodo-2',4',6-triisopropyl-3-methoxy-6-methyl-1,1":3',1"-terphenyl.

2MeO-SMeTIP-I

- [000258] A 10 mL oven-dried Schlenk tube was charged with magnesium (57.6 'mg., 2.4 mmol)
and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was added and |
stirred for 5 min to activate magneéium. 2-bromo-1,3,5-tﬁi§opropylbenzene (566 mg, 2 mmol)
was added potidn—by—potidn with vigorous stirring. The tube was capped with a rubber septum
and was heated to 70°C for 2 h (A). In another 10 mL oven-dried Schlenk tube was charged with
2-ﬂuoro-4-methoxy—l-metﬁylbenzene (140 \mg, 1 mmol) and anhydrous THF (3.5 mL). The

tube was cooled to -78°C and 1.6 M n-BuLi solution in hexane (0.64 mL, 1 mmol) was added
dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 40 min (B).
A was transferred into to B by syring¢ over 15 min at —78°C. An additional 1 mL of THF was
used to rinse the reaction and was also transfered to B. The combined reaction mixture was
stirred at -78°C for another 1 h and then slowly warmed to room temperature and vigorously
stirred for overnight. At this time, the mixture was cooled to 0oC using ice bath, and iodine (762
mg, 3 mmol) in 4 mL anhydrous THF was added drop-wise over 5 min, then the reaction |
mixture was stirred for 30 min, and then warmed to stir at room temperature for 2 h. Then, the
 mixture was quenched with saturated Na,S,0; (aq.) solutioﬁ until the red color of bromine
disappeared. The aqueous phase was extracted with Et;0 (10 mL x 3) and the combined organic
phases were dried over anhydrous MgSQO,. After concentration, the crude prodﬁct was purified |

by silica gel chromatography (EtOAc / petroleum ether = 1/20) followed by crystallization in
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- methanol to get a white solid (185 mg, 34%), labeled as 2MeO-5MeTIP-1. 'H NMR (600 MHz,
Chlbroform-d) 5 7.46 —7.29 (m, 4H), 7.25 (dd, J = 8.3, 0.8 Hz, 2H), 7.12 (s, 1H), 6.78 (d, /=
8.3 Hz, 1H), 3.97 (s, 3H), 2.73 — 2.59 (m, 1H), 2.54 (p, J = 6.8 Hz, 1H), 2.37 (p, J = 6.8 Hz,
1H), 2.13 (s, 3H), 1.37 (d, J = 7.0 Hz, 3H), 1.28 (d, J= 6.8 Hz, 3H), 1.18 ~ 1.07 (m, 6H), 0.88
@, J=172 Hz, 3H), 0.82 (d, J = 7.2 Hz, 3H) ppm. ’C NMR (151 MHz, Chloroform-d) & 156.49
, 14777, 146.49 , 144.69 , 141.28 (d, J = 23.7 Hz), 139.64 , 138.22, 131.97, 131.47,, 130.62,
~ 130.17,129.81, 127.88 , 126.87 (d, /= 11.2 Hz), 126.38, 120.38 (d, J = 35.2 Hz), 109.03 ,
56.39,34.27,32.38,30.78 ,30.26 , 29.50 , 24.63 (d, J = 5.6 Hz), 24.47 , 24.29 , 24.22 , 24.11 ,
23.42 (d,J=11.7 Hz), 21.54 ppm.

1) 1.5 equiv tBuLi
2) 1.0 equiv CuCl

- 3) 1.1 equiv CIP(t-Bu),,
Toluene, 120°C, 24 h

2MeO-5MeTIP-tBu*Phine
Di-tert—butyl(2',4',6‘-triisc_jpropyl-3 -methoxy-6-methyl-[1,1":3",1"-terphenyl]-2-yl)phosphane. }

OMe

P(t-Bu),
iPr

2MeOSMeTIP-tBu*Phine

- [000259] A 10 mL oven-dried Schienk tube was charged with_2MeO-5MeTIP-iodide (263 mg,
0.5 mmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber septum and was
cooled to -78°C and 1.7 M t-BuLi solution in petane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h
(A). In another 10 mL oven-dried Schlenk tube was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene

was used to rinse the reaction and was also transferred to B. Subsequently, di-tert-
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butylchlorophosphine (108 mg, 0.6 mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was injected
siowly through“syn'nge into the above mixture at.-78°C. Thé combined reaction mixture was
placed into preheated 120°C oil bath and stirred Vigorously for 24 h. At this time, the mixture
was cooled room temperature, diluted with water (10 mL) and EtOAc (50 mL), and the layers -
were separated. The organic phase was washed with 28% NH4OH (aq.) (20 mL x 5), and brine
(10 mL), successively. The combined aqueous phasés were extracted with additional EtOAc (30
mlL). The combined organic phases were dried over énhydrous MgSO; and filtered. After
concentration, the crude product was i‘eérystallized with MeOH to get a white solid (171 mg,
63%), labeled as 2MeO-5MeTIP-tBﬁ*Phinc. 'H NMR (400 MHz, Benzene-dg) 6 7.64 (s, 1H),
7.57-17.51 (m, 2H), 7.36 —7.27 (m, 4H), 6.68 (d, J = 8.4 Hz, 1H), 3.46 (s, 3H), 3.43 — 3.28 (m,
1H), 2.90 (p, J = 6.8 Hz, 2H), 2.22 (s, 3H), 1.64 (d, J= 6.7 Hz, 3H), 1.52 (dd, J# 11.9,6.2 Hz,
18H), 1.39 - 1.28 (m, 12H), 1.25 (d, /= 7.2 Hz, 3H) ppm. *C NMR (151 MHz, Benzene-dg) §
160.48 , 151.94 (d, Jcp =38.4 Hz), 147.39 , 145.95 , 142.14 (d, Jcp = 25.8 Hz), 138.32, 132.35,
131.54 ,130.59 (d, Jep = 8.2 Hz), 127.02 (d, Jep = 2.8 Hz), 126.52 , 125.09 (d, Jcp = 46.5 Hz),
- 120.12,108.60, 53.11 , 34.32 (d Jep=29.3 HZ) 33.86 (d, ‘JCP= 30.3 Hz), 32.98 (d, Jep=3.7
Hz), 32.46 — 31.32 (m), 29.60 , 25.57 , 25.30 (d Jop = 3.3 Hz), 24.56 ,24.19,23.79,22.52 (d, J
=2.5 Hz) ppm. “P NMR (243 MHz, CDC13) & = 35.90 ppm.

Synthesis of Ligand 25MeOTIP-tBu*Phine

‘OCH; nBuL| OCHs
(B) @ Q) _
F THF, 78°C
OCH3 |2 :

iPr

- iPr
- DIBAL Bng O

Pr THF,70°C  jpr iPr
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2-iodo-2',4',6'-triisopropy1-3 ,0-dimethoxy-1,1':3",1"-terphenyl.

25MeOTIP-1

[000260] A 10 mL oven-dried Schlenk tube was charged with magnesium (57.6 mg, 2.4 mmol)
and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was added and
stirred for 5 min to activate magnesium. 2-bromo-1,3,5-triisopropylbenzene (566 mg, 2 mmol)
was added potion-by-potion with vigorous stirring. The tube was capped with a rubber septum
and was heated to 70°C for 2 h (A). In another 10 mL oven-dried Schlenk tube was charged with
2-fluoro-1,4-dimethoxybenzene (156 mg, 1 mmol) and anhydrous THF (3.5 mL). The tube was
cooled to -78°C and 1.6 M n-BulLi solution in hexane (0.64 mL, 1 mmol) was added dropwise
over 10 min under vigorous stirring. The mixture was stirred at -78°C for 40 min (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of THF was used to
rinse the reaction and was also trénsféred to B. The"cvzombined reaction mixture was stirred at -
78°C for another 1 h and then slowly warmed to room temperature and v1 gorously stirred for
overnight. At this time, the mixture was cooled to 0°C using ice.bath, and iodine (762 mg, 3
mmol) in 4 mL anhydrous THF was added drop-wise over 5 min, then the reaction mixture was
stirred for 30 min, and then warmed to stir at room temperature for 2 h. Then, the mixture was
quenchéd with saturated N§28203- (aq.) solution until the red color of bromine disdppéared. The
aqueous phase was extracted with Et;O (10 mL X 3) and the cdmbined organic phaseé Were
dried over anhydrous MgSQ,. After concentration, the crude product was purified by silica gel
chromatography (EtOAc / petroleum ether = 1/20) followed by crystallization in methanol to get
a white solid (162 mg, 30%), labeled as 25MeOTIP-1. 'H NMR (600 MHz, Chloroform-d) §
7.39-7.29 (m, 4H), 7.28 — 7.24 (m, 1H), 7.21 (s, 1H), 6.90 (d, /= 8.9 Hz, 1H), 6.82 (d, /= 8.9
Hz, 1H), 3.91 (s, 3H), 3.71 (s, 3H), 2.66 (p, J = 7.2 Hz, 1H), 2.55 - 2.45 (m, - 1H), 2.34 (p, J =
6.8 Hz, 1H), 1.23 (d, /= 6.9 Hz, 3H), 1.11 (dd, J = 12.6, 6.9 Hz, 6H), 1.04 (d, J = 6.8 Hz, 3H),
0.81 (d, J=172 Hz, 3H), 0.72 (d, J= 7.2 Hz, 3H) ppm. °C NMR (151 MHz, Chloroform-d) &
152.42 (d,J=24.3 Hz),‘ 147.34,145.33,141.78 ,137.81, 137.38 , 137.03,131.88,131.03,
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126.95, 12624, 119.68 ,109.92, 109.16 , 56.81 , 55.32 , 32.61 13091, 29.66 ,24.68 (d, J =
23Hz) 24.06 ,23.75 ,22.91 (d, J=21.4 Hz) ppm.

Alternative Route for Synthesis of 25MeOTIP-tBu*Phine

Pr 2.4 équiv Mg fPr O 1'1eq“""©3r
Br _ . DIBAL BrMg O _ ~ OMe 12
iP Pr . THF,70°C L iPr P _

T °T 1Pr

[000261] 2-i0do-2',4',6'-triisopropyl-3,6-dimethoxy-1,1":3',1"-terphenyl. A 20 mL oven-dried
Schlenk tube was charged with magnesium (57.6 mg, 2.4 mmol) and anhydrous THF (1.5 mL),
5 drops of diisobutylaluminium hydride (DIBAL) was added and stirred for 5 min to activate
magnesiﬁm. 2-bromo-1,3,5-triisopropylbenzene (566 mg, 2 mmol) was added potion-by-potion

~ with vigorous stirring. The tube was capped with a rubber septum and was heated to 70°C for 2
h. 1—bromq-2-iodo-3,6-dimethoxybenzene (700 mg, 2.1 mmol) in anhydrous THF (3 mL) was

~ injected through syringe. An additional 1 mL of THF was used to rinse the reaction and was also
transferred into the mixture. The combined reaction mixture was stirred at 70°C overnight. At
this time, the mixture was cooled to 0°C using ice bath, and iodine (1.3g, 5 mmol) in 6 mL
anhydrous THF v&aé _édded drop-wise over 10 min, then the _reaction.mixture was stirred for 30
min, and then warmed to stir at room temperature for 2 h. Then, the mixture was quenched with
saturated Na,S;0; (aq.) solution until the red color of bromine disappeared. The aqueous phase
was extracted with Et,O (20 mL x 3) and the combined organic phases were dried over
anhydrous MgSO,. After concentration, the crude product waS purified by silica gel
chromatography (EtOAc / petroleum ether = 1/20) followed by crystallization in methanol to get
a white solid (415 mg, 40%), labeled as 25MeOTIP-1.

1) 1.5 equiv tBuli
2) 1.0 equiv CuCl

3) 1.1 equiv CIP(t-Bu),,
Toluene, 120°C, 24 h

25MeOTIP-tBu*Phine
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Di-tert-butyl(2',4',6'-triisopropyl-3,6-dimethoxy-[1,1":3",1"-terphenyl]-2-yl)phosphane |
(25MeOTIP-tBu*Phine).

25MeOTIP-tBu*Phine

[000262] A 10 mL oven-dried Schlenk tube was charged with ZSMeOTIP-iodide (263 mg, 0.5
mmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber septum and was
cooled to -78°C and 1.7 M t-BuLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h
(A). In another 10 mL oven-dried Schlenk tube was charged with CuC‘l (49.5 mg, 0.5 fnmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction and was also transfefred' to B. Subsequently, di-tert-
| butylchlorophosphine (108 mg, 0.6 mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was injected
slowly through syringe into the above mixture at -78°C. The combined reaction mixture was
ﬁlaced into preheated 120°C oil bath and stirred vigorously for 24 h. At this time, the mixture
was cooled to room temperature, diluted with water (10 inL) and EtOAc (50 mL), and the layers
were separated. The organic phase was washed with 28% NH4OH (aq.) (20 mL x 5), and brine
(10 mL), successively. The combined aquéous phases were extracted with additional EtOAc (30
mL). The combined organic phases were dried over anhydrous MgSOy4 and filtered. After
concentration, the crude product Was recrystallized with MeOH to get a white solid (157 mg,
56%); labeled aé 25MeOTIP-tBu*Phine. "H NMR (600 MHz, Chloroform-d) & 7.36 — 7.29 (m,
3H), 7.27 (dd, J = 4.7, 2.4 Hz, 1H),7.10 (s, 1H), 6.87 (d, J= 8.9 Hz, 1H), 6.81 (d, J=8.9 Hz,
1H), 3.78 (s, 3H), 3.61 (s, 3H), 2.74 (p, /= 7.0 Hz, 1H), 2.43 (dp, J = 35.3, 6.8 Hz, 2H), 1.22 (d,
J=6.6 Hz, 4H), 1.13 (dd, /= 12.0, 2.8 Hz, 18H), 1.09 (dd, /= 9.0, 6.8 Hz, 6H), 0.97 (d, /= 6.6
Hz, 3H), 0.90 (d, J = 7.0 Hz, 3H) ppm. °C NMR (151 MHz, Chloroform-d) & 155.84 , 152.34
(d, Jep = 11.5 Hz), 146.30 (d, Jop = 17.8 Hz), 142.38 , 141.18 (4, Jep =37.5 Hz), 136.60 , 133.95
(d, Jop = 7.1 Hz), 132.44 ,131.02, 126.65 (d, Jcp = 23.1 Hz), 125.97, 118.64 , 110.60 , 107.82 ,
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53.98,53.79,33.97 , 33.48 , 32.79 (d, Jep = 2.2 Hz), 31.73 (dd, Jep = 16.6, 3.9 Hz), 31.23 (d,
Jep = 2.0 Hz), 2935 ,25.54 ,24.71 , 24.14 (d, Jep = 14.5 Hz), 23.86 , 23.49 ppm. >'P NMR (243
MHz, CDCl3) § = 34.78 ppm.

Synthesis of Ligand 25MeOTIP-Ad*Phine

1) 1.5 equiv tBuli
2) 1.0 equiv CuCl

3) 1.1 equiv CIP(Ad),,
Toluene, 120°C, 48 h

25MeOTIP-Ad*Phine

| Di((1s,3R,5R,7S)-adamantan-1-y1)(2',4',6'-triisopropyl-3,6-dimethoxy-[ 1,1':3',1"-terphenyl]-2-
yl)phosphane (25MeOTIP-Ad*Phine).

25MeOTIP-Ad*Phine

[000263] A 10 mL oven-dried Schlenk tube was charged with 25MeOTIP-iodide (263 mg, 0.5
mmol) and anhydrous toluene (1.0 mL). The tube Was capped with a rubber septum and was |
cooled to -78°C and 1.7 M t-BuLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
added dropwise over 10 min under vigorous stining.' The mixturé was stirred at -78°C for 1 h
(A). In anothef 10 mL oven-dried Schlenk tube was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction and was also transferred to B. Subsequently, di-tert-
adamantylchlorophosphine (202 mg, 0.6 mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was
injected slowly through syringe into the above mixture at -78°C. The combined reaction mixture

was placed into preheated 120°C oil bath and stirred vigorously for 48 h. At this time, the
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mixture was cooled room temperature, diluted with water (10 mL) and EtOAc (50 mL), and the
layers were separated. The organic phase was washed with 28% NH4,OH (aq.) (20 mL x 5), and
brine (10 mL), successively. The combined aqueous phases were extracted with additional
EtOAc (30 mL). The combined organic phases were dried over anhydrous MgSQO, and filtered.
After concentration, the crude product was recfystallized with MeOH to get a white solid (240
mg, 67%), labeled as 25MeOTIP-Ad*Phine. 'H NMR (400 MHz, Benzene-dg) 6 7.71 (d, J= 7.6 .
Hz, 1H), 7.69 — 7.62 (m, 2H), 7.56 -7.36 (m, 3H), 7.16 (s, 1H), 6.76 (d, J= 8.9 Hz, 1H), 6.69 (d‘,
J=28.9 Hz, 1H), 3.59 (s, 3H), 3.47 (d, J= 7.2 Hz, 1H), 3.36 (s, 3H), 3.06 — 2.81 (m, 2H), 2.35

(d, J=25.9 Hz, 10H), 2.15 (s, 7TH), 2.00 - 1.85 (m, 10H), 1.73 (d, /= 6.8 Hz, 3H), 1.53 (d, J =
7.1 Hz, 3H), 1.47 (d, J= 6.6 Hz, 3H), 1.37 (d, J=6.8 Hz, 3H), 1.32 (d, J= 7.0 Hz, 3H), 1.21 (d,
J=17.2 Hz, 3H) ppm. °C NMR (151 MHz, Benzene-ds) § 152.89 (d, J = 11.2 Hz), 147.15 (d,
Jcp = 16.5 Hz), 143.42 , 142.80, 142.16 (d, Jcp = 38.3 Hz), 137.63 , 134.99 (d, Jcp = 6.6 Hz),
132.72,131.29,127.31 (d, Jop = 9.7 Hz), 126.59 , 125.37 , 119.31, 113.24, 111.19, 108.31 ,

-+ 55.17,53.69 ,42.50 (t, Jcp = 14.6 Hz), 40.15 ~ 38.51 (m), 37.48 (d, Jcp = 6.8 Hz), 33.60 ,31.88
,29.77 (dd, Jep= 23.9, 9.0 Hz), 26.23 , 25.23 , 24.96 — 24.06 (m), 24.32,24.16 ppm. *'P NMR .
(243 MHz, CDCl3) 8 = 37.08 ppm.

Synthesis of Ligand 25MeOTIP-Cy*Phine

OMe

1) 1.5 equiv tBuli
2) 1.0 equiv CuCl

3) 1.1 equiv CIPCys,,
Toluene, 120°C, 48 h

25MeOTIP-Cy*Phine

Dicyciohexyl(Z',4',6'-triisopropy1—3 ,6-diméthoxy-[ 1,1:3%1 "—terphenyl]‘-Z-yl)phosphane
(25MeOTIP-Cy*Phine).
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25MeOTIP-Cv*Phine

[000264] A 10 mL oven-dried Schlenk tube was charged with 25MeOTIP-iodide (263 mg, 0.5
‘mmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber septum and was
cooled to -78°C and 1.7 M t-BulLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was

~ added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for lh
(A). In another 10 mL ovven-dried Schlenk tube was chargéd with CuCl (49.5 mg, 0.5 mmol, 1.0
equiv.). The tﬁbe was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of énhydrous toluene
was used to rinse the reaction and was also transferred to B. Subsequenﬂy, PCy,Cl (134 mg, 0.6
mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was injected slowly through syringe into the
above mixture at -78°C. The combined reaction mixture was stirred vigorously at room
temperature for 24 h. At this time, the mixture was cooled room temperature, diluted with water
(10 mL) and EtOAc (50 mL), and the layers were separated. The organic phase was washed
with 28% NH4OH (aq.) (20 mL x 5), and brine (10 mL), successively. The combined aqueous
phases were extracted with additional EtOAc¢ (30 mL). The combined organic phases were dried
over anhydrous MgSOy and filtered. After concentration, the crude product was recrystallized
with MeOH to get a white solid (240 mg, 67%), labeled as 25MeOTIP-Cy*Phine. "H NMR (600
MHz, Chloroform-d) 6 7.33 (dddd, J=11.6, 9.5, 6.5, 3.6 Hz, 5H), 7.14 (s, 1H), 6.87 (d, /=8.9
Hz, 1H), 6.80 (d, J= 8.6 Hz, 1H), 3.84 (s, 3H), 3.62 (s, 3H), 2.71 (p, J = 7.2 Hz, 1H), 2.49 (p, J
= 69 Hz, 1H), 238, /=70 Hz,, 1H), 1.94 - 1.84 (Iﬁ, 2H), 1.79 — 1.54 (m, 6H), 1.49 — 1.37
(m, 2H), 1.27 (d, J= 6.9 Hz, 14H), 1.14 (d, /= 6.8 Hz, 14H), 1.08 (d, /= 6.9 Hz, 3H), 0.97 (d, J
= 6.9 Hz, 3H), 0.88 (d, J = 7.1 Hz, 3H), 0.59 (d, J = 7.2 Hz, 3H) ppm. °C NMR (151 MHz,
CDCl3) 8 156.26, 156.24, 152.19, 152.12, 146.33, 145.64, 142.41, 142.21, 140.17, 139.93,
136.87, 134.04, 133.98, 132.41, 131.36, 126.68, 126.60, 126.40, 126.04, 118.76,110.62,
108.46, 55.02, 54.37, 36.19, 36.17, 36.09, 36.07, 32.67, 32.65, 32.53, 32.51, 32.20, 31.20,
-31.16, 31.12, 31.07, 30.76, 29.38, 27.99, 27.93, 27.91, 27.85, 27.60, 27.51, 26.54, 26.44, 25.09,
24.48,24.44, 24.40, 23.82, 23.57, 23.36 ppm. °'P NMR (243 MHz, CDCl3) 6 =-1.77 ppm.
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Synthesis of Ligand 25MeOTIP-tBu*Phine-CF3

QC nBuLl QC
" Q|
' THF -78°C
. CF; CF
iPr /Pr 3
' Q THF, 70°C '

iPr Pr

2-iodo-2',4',6'-triisopropyl-3,6-dimethoxy-4"-(trifluoro-methyl)-1,1":3',1"-terphenyl (25MeOTIP-
I-CF3).

[000265] A 10 mL oven-dried Schlenk tube was charged with magnesium (57.6 mg, 2.4 mmol)
and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was added and
stirred for 5 min to activate magnesium. 3-bromo-2,4,6-triisopropyl-4'-(trifluoromethyl)-1,1'-
biphenyl (852 mg, 2 mmol) was added potion-by-potion with vigorous stirring. The tube was -
capped with a rubber septum and was heated to 70°C for 2 h (A‘). In another 10 mL oven-dried
Schlenk tube was charged with 2-ﬂuoro-1,4-dimethoxybenzehe (156 mg, 1 mmol) and
anhydrous THF (3.5 mL). The tube was cooled to -78°C and 1.6 M n-BulLi solution in hexane
(0.64 mL, 1 mmol) was added dropwise over 10 min under vigorous stirring. The mixture was
stirred at -78°C for 40 min (B). A was transferred into to B by syringe over 15 min at —=78°C. An
additional 1 mL of THF was used to rinse the reaction and was also transfered to B. The 7
combined reaction mixture was stirred at -78°C for another 1 h and then slowly warmed to room
temperature and vi gorously stirred for overnight. At this time, the mixture was cooled to 0oC.
using ice bath, and iodine (762 mg, 3 mmol) in 4 mL anhydrous THF was added drop-wise over
5 min, then the reaction mixture was stirred for 30 min, and then warmed to stir at room

temperature for 2 h. Then, the mixture was quenched with saturated Na,S,03 (aq.) solution until
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the red color of bromine disappeared. The aqueous phase was extracted with Et,0 (10 mL x 3).
~ and the combined organic phases were dried over anhydrous MgSO,. After concentration, the
crude product was purified by silica gel chromatography (EtOAc / petroleum ether = 1/20)
followed by crystallization in methanol to get a white solid (226 mg, 37%), labeled as
25MeOTIP 1. 'H NMR (600 MHz, Chloroform-d) § 7.66 — 7.61 (m, 3H), 7.46 - 7.39 (m, 2H),
723 (s, 1H), 6.90 (d, /= 8.9 Hz, 1H), 6.82 (d, J= 8.9 Hz, 1H), 3.91 (s, 3H), 3.71 (s, 3H), 2.65
(p, J=7.2 Hz, 1H), 237(dp,J 25.3, 6.9 Hz, 2H), 1.23 (d, /= 6.8 Hz, 3H), 1.11 (dd, /= 10.3,
6.9 Hz, 6H), 1.04 (d, /= 69Hz 3H), 080(d J= 72Hz 3H) 0.71 (d, J= 7.2 Hz, 3H) ppm.
130 NMR (151 MHz, Chloroform-d) § 152.40 (d, J = 40.7 Hz), 147.01 , 146.10 , 145.85 , 141.68
,137.11 (d, J = 48.9 Hz), 136.32, 132.12, 131.30, 128.68 (d, /= 32.3 Hz), 124.02, 119.94 ,
110.00, 109.30, 56.81 , 55.31, 32.51, 30.93.,29.72 , 24.61 (d, J = 4.2 Hz), 24.00 , 23.69 ,
22.94 (d,J=12.1 Hz) ppm. "°’F NMR (376 MHz, CDCl;)  =-62.15 ppm.

OMe

1) 1.5 equiv tBuli

2) 1.0 equiv CuCl MeO P(t-Bu),

3) 1.1 equiv CIP{t-Bu),,
Toluene 120°C 24 h
’ CF3

’ 25Me0TlP-tBu*Ph|ne

Di-tert-butyl(Z',4',6'-triisopropy1—3,6-dimethoxy-4"—(triﬂuoromethyl)—[1,1 ":3',1"-terphenyl]-2-
yl)phosphane (25MeQOTIP-tBu*Phine-CF3). - '

OMe

P(t-Bu),

‘ [000266] A 10 mL oven-dried Schlenk tube was charged with ‘2_5MeOTIP-iodide (263 mg, 0.5
mmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber.septum and was
cooled to -78°C and 1.7 M t-BuLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) Was
added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°IC forlh

(A). In another 10 mL oven-dried Schlenk tube was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
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equiv.). The tube was éapped under nitrogén atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction and was also transferred to B. Subsequently, di-tert-
butylchlorophosphine (108 mg, 0.6 mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was 1nJected
slowly through syringe into the above mixture at -78°C. The combined reaction mixture was
placed into preheated 120°C oil bath and stirred Vigorously for 24 h. At this time, the mixture
was cooled room tefnperéture, diluted with water (10 mL) and EtOAc (50 mL), and the layers
were sepafated. The organic phase was washéd with 28% NH,OH (aq.) (20 mL x 5), and brine
(10 mL), successively. The combined aqueous phases were extracted with additional EtOAc (30
mL). The combined organic phases were dried over anhydrous MgSQ; and filtered. After
concentration, the crude product was recrystallized with MeOH to get a white solid (166 mg,
56%), labeted as 25MeOTIP-tBu*Phine-CF3. 'H NMR (400 MHz, Benzene-ds) 8 7.63 (s, 1H),
7.57‘ (dd, J=4.1, 2.1 Hz, 4H), 7.52 (s, 1H), 6.76 (d, /= 8.9 Hz, 1H), 6.67 (d, J= 9.0 Hz, 1H),
3.48 (s, 3H), 3.36 (s, 3H), 2.90 (p, J= 6.7 Hz, 1H), 2.64 (p, J = 6.8 Hz, 1H), 1.64 (d, J= 6.7 Hz,
3H), 1.51 (dd, J = 14.5, 12.0 Hz, 18H), 1.42 (d, J= 6.6 Hz, 3H), 1.37 (d, /= 7.0 Hz, 3H), 1.29
(d,J= 7.0 Hz, 4H), 1.23 (d, J = 6.8 Hz, 3H), 0.97 (d, J = 7.2 Hz, 3H) ppm. *C NMR (151 MHz,
Chloroform-d) 6 ‘155.89 , 146.97 ,146.00 , 142.64 , 140.74 (d, Jcp = 37.8 Hz), 135.12, 132.70,
131.20, 123.68 (dd, Jcp ;35.5, 3.6 Hz),’119.93 ,118.87,110.71,110.00, 109.29 , 108.01 ,
- 53.98,53.81,33.74 (dd, Jep = 51.1,29.2 Hz), 32.68 (d, Jcp.= 2.4 Hz), 31.77 (4, Jcp‘= 3.5Hz),
31.66 (d, Jcp = 3.5 Hz), 29.40,25.52 , 24.62 , 24.39 , 24.04 , 23.90 , 23.45 ppm. 3tp NMR (243
MHz, CDCl3) § = 34.54 ppm. '°F NMR (376 MHz, CDCls) § =—61.84 ppm.

Synthesis of Ligand 25MeOTIP-tBu*Phine-MeO

' . (HO);B
/@\ Selectfluor |I§[| OMe
iPr ipr MeCN, 5565°C  jp; iPr Pd,dbas
. SPhos
K3PO4
OMe
Br
Mgl
Mg (2.5eqv)
Diabl-H (2 mot%) |Pr Pr |
THF e

. 00
OMe 0°C.3h [ Pr O

OMe
25MeOTIP-I-MeO
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2,4-diiodo-1,3,5 -triisopropylbenzene.

iPr\©[iPr _
|

_ fPr

[000267]. A 250 mL flask wrapped with aluminium foil equipped with a magnetic bar and a

‘ reflux condenser. To the flask 2.04 g (10 mmol) of 1,3,5-triisopropy1bcnzene, 7.62 g (30 mmol)
of iodine, 10.62 g'(30 mmol) of selectfluor and acetonitrile (70 mL) was added and the mixture
will turn dark purple. The reaction was then allowed to stir a 55°C-65°C for 20 h. The solvent
was removed and dichloromethane was added. The mixture was filtered. The filtrates were then
collected and washb with concentrated sodium thiosulfate solution. The organic layer will
decolourise to bright orange colour. The organic layer Was collected and dry with MgSOy. The
crude Was then purified by column with hexane to afford a white solid (0.51g, 55%). 'H (600M
Hz, CDCl3) §: 6.98 (s, 1H), 4.15( quintet, *Jin 7.38 Hz; 1H), 3.48( quintet, *Juy 6.78Hz, |
1H),3.42 ( quintet, *Jyg 6.78, 1H), 1.50 (s, 3H), 1.49 (s, 3H), 1.24 (d, *Jiwu 4.92 Hz, 6H), 1.23
(d, *Jux 4.98Hz, 6H) ppm. >C (150MHz, CDCl3) 8: 151.90, 151.66, 149.04, 121.32, 110.72,
98.54, 45.20, 40.39, 38.75, 23.35, 20.01 ppm. ' |

3-iodo-2,4,6-triisopropyl-4'-methoxy-1,1'-biphenyl.

[000268] To an oven dry 2 neck 50 mL flask equip was a condenser and magnetic stir bar, 2.5 g
(5.5 mmol) of 2,4-diiodo-1,3,5-tﬁisopropy1benzene, 1.25 g (8.25 mmol) of (4-
methoxyphenyl)boronic acid, 2.33 g (11 mmol ) of potassium phosphate tribasic , 51 mg (0.005
mmol) of tris(dibenzylideneacetone)dipalladium(0);, 45 mg (0.011 mmol) of SPhos was added.
The flask was then vacuum for 5 min and flush with argon after which dry tetrahydrofuran

(5.5mL) and dry toluene (5.5 mL) was added to the flask. The black mixture was then allowed
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to stir at 100°C for 16 h. The mixture was filter through silica and wash with ethyl acetate. The
reddish filtrate was collect and solvent. The crude was purified by columh gradient with hexane
and ethyl acetate mixture (10:1) to afford a white solid (0.72 g, 30%). 'H (600MHz, CDCl;) &;
7.09-7.03 (m, 3H), 6.95-6.90 (m, 2H),3.88 (s, 3H), 3.52 (quintet, *Jyy 5 6.6 , 1H), 3.16 (t, *Jiuu _ |
6.52 Hz ,1H), 2.51-.49 (m, 1H), 1.37 (d, *Jup 7.2 Hz, 2H), 1.31 (d, *Jun 6.6 Hz,6H),1.04 (¢,
Jun 7.2 Hz, 6H), 0.89 (d, *Jun 7.2Hz, 3H) ppm. °C (150MHZ, CDCly) 8: 158.49, 150.74,

| 150.46, 148.71, 146.71, 138.33, 132.22, 132.01, 129.84, 120.67, 120.52, 113.61, 112.50,
109.99,.55.19, 42.56, 40.39, 38.97, 34.09, 30.47, 20.08, 24.05, 23.95, 23.56, 23.51, 22.79, 20.09

ppm.

2-iodo-2',4',6'-triisopropyl-3,4",6-trimethoxy-1,1":3",1"-terphenyl.

25MeOTIP-I-MeO

[000269] A 20 mL oven-dried Schlenk tube was charged with magnesium (57.6 mg, 2.4 mmol)
and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was added and
_ stirréd for 5 min to activate mégn'esium. 3-iodo-2,4,6-triisopropyl-4'—meth'oxy-'1,l'—biphenyl (435

mg, 1 mmol, 1.0 equiv.) was added potion-by-potion with vigorous stirring. The tube was
capped with érubb_er septum and was heated to 70°C for 3 h. 1-bromo-2-iodo-3,6-.
dimethoxybenzene (511 mg, 1.5 mmol) in anhydrous THF (3 mL) was injeéted through syringe.
An additional 1 mL of THF was used to rinse the reaction and was also transferred into the
mixture. The combined reaction mixture was stirred at 70°C for 16 h. At this time, the mixture
was cooled to 0°C using ice bath, and iedine (508 mg, 2 mmol, 2.0 equiv.) in 6 mL anhydrous ,
THF was added drop-wise over 10 min, then the reaction mixture was stirred for 30 min, and
then warmed to stir at room temperature for 2 h. Then, the mixture was quenched with saturated
Na,S,0; (aq.) solution until the red color of bromine disappeared. The aqueous phase was
extracted with Et;O (20 mL x 3) and the combined organic phases were dried over anhydrous

MgSO,. After concentration, the crude product was purified by silica gel chromatography with
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| gradient of hexane and ethyl acetate to get a white solid (176 mg, 30%), labeled as 25MeOTIP-
I-MeO. '"H NMR (600 MHz, Chloroform-d) 6 7.19-7.18 (m,2H), 7.16-7.14 (m, 1H), 6.90-6.88
(in, 3H), 6.80 (d, /=9 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3H), 3.70 (s, 3H), 2.65(q, J= 7.2 Hz,
1H),2.54 (q,J = 6.6sz, 1H), 2.32 (g, J = 6.6 Hz, 1H), 1.22(d,J = 7.2 Hz, 3H), 1.11 (d, /=6
Hz, 3H), 1.09(d, J = 6 Hz, 3H), 1.08 (d, J=6.Hz, 3H), 0.816(d, J = 7.2 Hz, 3H),0.746 (d, J =
7.2 Hz, 3H) ppm. >C NMR (151 MHz, Chloroform-d) § 158.07, 152.48, 152.31, 147.87,

":"./"145;20, 142.26, 137.44, 137.00, 133.82, 132.78, 131.91, 119.61, 112.35, 112.26, 109.91,

109.11, 56.80, 55.32, 55.15, 32.62, 30.90, 29.60, 24.68, 24.66, 24.04, 23.72, 22.98, 22.89 ppm.

1) 1.5 equiv tBulLi
2) 1.0 equiv CuCl

3) 1.1 equiv CIP({-Bu),,
Toluene, 120°C, 24 h
OMe

25MeOTIP-tBu*Phine-MeO
Di-tert-butyl(2',4',6'-triisopropyl-3,4",6-trimethoxy-[ 1,1":3',1"-terphenyl}-2-yl)phosphane. |

< OMe

P(t-Bu),
-iPr

25MeOTIP-tBu*Phine-MeO

[000270] A 10 mL oven-dried Schlenk tube was charged with 25MeOTIP-I-MeO (570 mg, 1.0
mmol, 1.0 equiv) and anhydroﬁs toluene (1.0 mL). The tube was capped with a rubber .septurn'
and was cooled to -78°C and 1.7 M t-BulLi solution in pentane (1.2 mL, 2.0 mmol, 2.0 equiv.)
was added dropvﬁsé over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1
h (A). In another 10 mL oven-dried Schlenk tube was charged with CuCl (99 mg, 1.0 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was |
transferfed into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction and was also transferred to B. Subsequently, di-tert-

butylchlorophosphine (119 mg, 1.2 mmol, 1.2 equiv.) in anhydrous toluene (1 mL) was injected
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| slowly through Syringe into the above mixture at -78°C. The combined reaction mixture was
placed into preheated 120°C oil bath and stirred vigorously for 24 h. At this time, the mixture
was cooled room temperaturé, diluted with water (10 mL) and EtOAc (50 mL), and the layers
‘were separated. The organic phase was washed with 28% NH,4OH (aq.) (20 mL x 5), and brine
(10 mL), successively. The combined aqueous phases were extracted with additional EtOAc (30
mL). The combined organic phases were dried over anhydrous MgSOy and filtered. After
concentration, the crude product was recryStallized with MeOH to get a white solid (195 mg,
33%), labeled as 25MeOTIP-tBu*Phine-MeO. '"H NMR (400 MHz, Benzene-ds) & 7.45(s, 1H),
7.38-7.36 (m, 1H), 7.31-7.29 (m, 1H), 6.82-6.78 (m, 2H), 6.55 (d, J = 8.88 Hz, 1H), 6.45(d, J=
8.88 Hz, 1H), 3.31(s, 3H), 3.27 (s, 3H), 3.21(q, J=7.08 Hz, 1H), 3.14 (s,1H), 2.78 (g, /= 6.9
Hz, 1H), 2.73 (q, J = 6.66 Hz, 1H), 1.47 (d, /= 3.48 Hz, 3H), 1.34 (d, /= 11.94 Hz, 11H), 1.30
(d,J=11.94 Hz, 11H), 1.23 (d, J=6.66 Hz, 3H), 1.17 (d, J= 6.9 Hz, 3H), 1.13 (d, /= 6.9 Hz,
3H),1.01 (d,J= 7.06 Hz, 3H) ppm. >C NMR (150 MHz, CDCl3) 5 158.49, 155.97, 152.50,
152.42, 147.46, 146.49, 143.52, 141.48, 141.23, 137.05, 134.54, 134.49, 134.29, 133.31,
131.74, 118.97, 112.75, v112.28,» 110.92, 108.13, 54.27, 53.41, 53.19, 34.08, 33.88, 33.65, 33'45;
33.32, 33.30, 31.86, 31.84, 31.73, 31.46, 29.52, 25.80, 24.71 ppm. *'P NMR (243 MHz, CDCl5)
o= 34.23 ppm. | | A

Synthesis of Ligand 25MeOTIP-tBu*Phine-nBu.

1) 1.5 equiv tBuLi
2) 1.0 equiv CuCl - P(t-Bu),

'3) 1.1 equiv CIP(t-Bu),,
Toluene, 120°C, 24 h
nBu

nBu
25MeOTIP-tBu*Phine-nBu
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Di-tert-butyl(4"-buty1—2',4',6'-nii§opropy1-3 ,6-dimethoxy-[1,1":3',1 "-terphenyl]-2-y1)phosphané
(25MeOTIP-tBu*Phine-MeO). -

 25MeOTIP-tBu*Phine-MeQ

[000271] A 10 mL oven-dried Schlenk tube was charged with 25MeOTIP-I-nBu (4"-butyl-2-
iodo—2',4',6'-triisopropy1—3,6-dimethoxy-1,1‘:3‘,1"-ferphenyl) (550 mg, 1.0 mmol, 1.0 equiv) and
anhydrous toluene (1.0 mL). The tube was capped with a rubber séptum and was cooled to -
78°C and 1.7M t-BuLi solution in pentane (1.2 mL, 2.0 mmol, 2.0 equiv.) was added dropwise
éver 10 min under vigorous sfirring. The mixture was stirred at -78°C for 1 h (A). In another 10
mL oven-dried Schlenk tube was charged with CuCl (99 mg, 1.0 mmol, 1.0 equiv.). The tube

. was capped under nitrdgen atmosphere andvv‘vas cooled to -78°C (B). A was transferred into to B
by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene was used to rinse
the reaction and was also transferred to B.Subsequently, di-tert-butylchlorophosphine (1 19img,
1.2 mmol, 1.2 equiv.) in anhydrous toluene (1 mL) was injected slowly through syringe into the
above mixture at -78°C. The combined reaction mixture was placed into preheated 120°C oil
bath and stirred vigorously for 24 h. At this time, the mixture was cooled rbom temperature,
diluted with water (10 mL) and EtOAc (50 mL), and the layers were separated. The organic
phase was washed with 28% NH4OH (aq.) (20 mL x 5), and brine (10 mL), successively. The
‘combined aqueous phases were extracted with additional EtOAc (30 mL). The combined
organic phases were dried over anhydrous MgSOy and filtered. After concentration, the crude
product was recrystallized with MeOH to get a white solid (265 mg, 43%), labeled as
25MeOTIP-tBu*Phine-nBu. '"H NMR (400 MHz, Benzene-ds) 8 7.45-7.43 (m, 2H), 7.3 8-7.37
(m, 1H), 7.08-7.06 (m, 2H), 6.54 (d, J = 8.88 Hz, 1H), 6.45 (d, J= 8.94 Hz, 1H), 3.26 (s, 3H),
3.23-3.19 (m, 1H), 3.14 (s, 3H), 2.78 (q, J = 6.84 Hz, 1H), 2.73 (q, J=6.66 Hz, 1H), 2.49 (t, J =
7.8 Hz, 2H), 1.50-1.46 (m, 5H), 1.32 (d,J = 11.8 Hz, 9H), 1.29 (d, /= 11.8 Hz, 9H), 1.23(d, J =
6.45 Hz, 4H), 1.17(d, J= 6.9 Hz, 3H), 1.11 (d, /= 6.9 Hz, 3H), 0.98 (d, /= 7.14 Hz, 3H),

- 0.82(t, J = 7.32 Hz, 3H) ppm. BC NMR (150 MHz, CDCl3) & 155.96, 155.95, 152.50, 152.42,
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147.12, 146.48, 14324, 141.46, 141.21, 140.65, 139.58, 137.37, 134.53, 134.48, 13430,

132.30, 130.84, 118.99, 110.92, 108.14, 53.41, 53.19, 35.41, 34.08, 33.89, 33.65, 33.45, 33.31,
33.30,31.86, 31.84, 31.75, 31.73, 31.45, 29.45, 25.80, 24.61, 24.42, 24.27, 24.06, 23.71, 22.37,
13.80 ppm. *'P NMR (243 MHz, CDCly) 8 = 34.22 ppm. "

Synthesis of Ligand 24MeOTIP-tBu*Phine

- . I
P ) 24sawmg SJQ 1w 1
Br O DIBAL BrMg , MeO Br I
—_—— —
iP Pr THF, 70°C iPr iP _

r Pr T

24MeOTIP-1

[000272] A 20 mL oven-dried Schlenk tube was“charged with magnesium (57.6 mg, 2 .'4 mmol,
1.2 equiv.) and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was
added and stirred for 5 min to activate magnésium. 2-bromo-1,3,5-uiisopr0pylbeniene (566 mg,
2 mmol, 1.0 equiv.) was added potion-by-potion with vigorbus stirring. The tube was capped
with a rubber septum and was heated to 70°C for 2 h. 1-bromo-2-iodo-3,5-dimethoxybenzene
(700 mg, 2.1 mmol, 1.1 equiv.) in anhydrous THF (3 mL) was injected through syringe. An
additional 1 mL of THF was used to rinse the reaction and was also transferred into the mixture.
The combined reaction mixture was stirred at 70°C overnight. At {his time, the mixture was
cooled to 0°C using ice bath, and iodine (1.3 g, 5 mmol) in 6 mL anhydrous THF was added
drop-wise over 10 nﬁn, then the reaction mixture was stirred for 30 min, and then warmed to stir -
at room temperature for 2 h. Then, the mixture was quenched with saturated Na,S,0; (aq.)
solution until the red color of bromine disappeared. The aqueous phase was extracted with Et,0

(20 mL x 3) and the combined organic phases were dried over anhydrous MgSO,. After
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concentration, the crude product was purified by silica gel chromatography (EtOAc/ petroleum
ether = 1/20) followed by crystallizétion in methanol to get a white solid (401 mg, 37%), labeled
as 24MeOTIP-1. '"H NMR (600 MHz, Chloroform-d) & 7.29 (s, 2H), 7.07 (s, 2H), 6.46 (d, J = |
2.7 Hz, 2H), 6.44 (d, J = 2.6 Hz, 2H), 3.94 (s, 1H), 3.80 (s, 1H), 2.98 (p, /= 6.8 Hz, 1H), 2.48
| (p, J=6.8 Hz, 2H), 1.33 (d, J=7.0 HZ, 6H), 1.23 (d, J= 6.9 Hz, 6H), 1.07 (d, /= 6.8 Hz, 6H)
ppm. *C NMR (151 MHz, Chloroform-d) § 160.54 , 158.87 , 148.18 (d, J = 63.2 Hz), 145.49 ,
139.35,120.79, 107.34, 97.19,83.18 , 56.36 , 55.58 , 34.18 , 30.57 , 25.20 , 24.08 , 23.52

1) 1.5 equiv tBulLi
2) 1.0 equiv CuCl

=

3) 1.1 equiv CIP(t-Bu),,
Toluene, 120°C, 24 h

24MeOTIP-tBu*Phine

Di-tert-butyl(2',4',6'-triisopropyl-3,5-dimethoxy-[1,1:3',1"-terphenyl]-2-yl)phosphane
~ (24MeOTIP-tBu*Phine). |

MeO OMe

P(t-Bu),

24MeOTIP-tBu*Phine

[000273] A 10 mL oven-dried Schlenk tube was charged with 24MeOTIP-iodide (271 mg, 0.5
mmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber septum and was
cooled to -78°C and 1.7 M t-Buli solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h
(A). In another 10 mL oven—dﬁed Schlenk tube was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene

was used to rinse the reaction and was also transferred to B. Subsequently, di-tert-
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butylchlorophosphine (108 mg, 0.6 mmol, 1.1 equiv.) in anhydrous foluene (1 mL) was injected
slowly through syringe into the above mixture at -78°C. The conibfned reaction mixture was
placed into preheated 120°C oil bath and stirred vigorously for 24 h. At this time, the mixture "
was cooled room temperature, diluted with water (10 mL) and EtOAc (50 mL), and the layers
were separated.’ The organic phase was washed with 28% NH,OH (aq.) (20 mL x 5), and brine
(10 mL), successively. The combined aqueous phases were extracted with additional EtOAc (30
>mL). The combined organic phases were dried over anhydrous MgSQO, and filtered. After
concentration, the crude product was recrystallized with MeOH to get a white solid (187 mg,
67%), labeled as 24MeOTIP-tBu*Phine. 'H NMR (400 MHz, Benzene-ds) § 7.66 (s, 1H), 7.65 —
7.59 (m, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.43 — 7.37 (m, 2H), 7.34 — 7.27 (m, 2H), 6.86 (d, /= 2.3
Hz, IH), 6.82 (t, J=2.8 Hz, 1H), 656 (d,J=2.5Hz, 1H), 3.57 (s, 3H), 3.40 (s, 3H), 3.05 (p, J
= 6.8 Hz, 1H), 2.93 (p, J= 6.7 Hz, 1H), 1.66 (d, J = 6.8 Hz, 3H), 1.52 (dd, J=19.0, 11.9 Hz,
18H), 1.46 (d, J= 7.0 Hz, 3H), 1.42 — 1.27 (m, 9H), 1.12 (d, J = 7.2 Hz, 3H) ppm. 1°C NMR
(151 MHz, Benzene-dg) 6 163.28 (d, Jcp = 2.5 Hz), 153.47,147.21 , 146.16 , 142.23 , 139.91 ,
137.72,132.38,130.84,127.19, 126.55,119.41 , 110.24 (d, Jcp = 8.0 Hz), 97.41,54.54,
. 53.21,34.08 (d, Jcp = 27.4 Hz), 33.53 (d, Jep = 28.5 Hz), 32.88 (d, JCPv =3.7 Hz), 31.76 (t, Jep =
16.8 Hz), 31.35,29.63, 27.24 ,25.06 ,24.67 ,24.11,23.95,23.12 ppm. *'P NMR (243 MHz,
CDCl;) 8 =30.63 ppm. | '

Synthesis of Ligand 24MeOTIP-Ad*Phine

1) 1.5 equiv tBuLi
2) 1.0 equiv CuCl

~ 3) 1.1 equiv CIP(Ad),,
Toluene, 120°C, 48 h

24MeOTIP-Ad*Phine
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Di((1s,3R,5R,7S)-adamantan-1-yl)(2',4',6'-triisopropyl-3,5-dimethoxy-[1,1':3',1"-terphenyl]-2-
yl)phosphane (24MeOTIP-Ad*Phine).

24MeOTIP-Ad*Phine

[000274] A 10 mL oven-dried Schlenk tube was charged with 24MeOTIP-iodide (263 mg, 0.5
rhmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber septum and was
cooled to -78°C and 1.7 M t-BuLi solution in petane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
' added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h
(A). In another 10 mL oven-dried Schlenk tube Was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction and was also transferred to B. Subsequently, di-tert-
adamantylchiorophosphiné ‘(202 mg, 0.6 mfnol, 1.1 equiv.) in anhydrous toluene‘(l mL) was
injected slowly through syringe into the above mixture at -78°C. The combined reaction mixture
was placed into preheated 120°C oil bath and stirred vigorously for 48 h. At this time, the
_ mixture Was cooled room temperature, diluted with watér (10 mL) and EtOAc (50 mL), and the
Y layers Were separated. The orgahic phase was washed with 28%‘ NH4OH'(aq.) (20 mL x 5), and
brine (10 mL), successively. The combined aquéous phases were éxtracted with addiﬁonal
EtOAc (30 mL). The combined organic phases were dried over anhydrous MgSQOy and filtered.
After concentration, the crude product was recrystallized with MeOH to get a white solid (240
mg, 67%), labeled as 24MeOTIP-Ad*Phine. 'H NMR (400 MHz, Benzene-dg) 6 7.71 (d, J = 7.6
Hz, 1H), 7.69 — 7.62 (m, 2H), 7.56 -7.36 (m, 3H), 7.16 (s, 1H), 6.76 (d, /= 8.9 Hz, 1H), 6.69 (d,
J=28.9 Hz, 1H), 3.59 (s, 3H), 3.47 (d, J = 7.2 Hz, 1H), 3.36 (s, 3H), 3.06 — 2.81 (m, 2H), 2.35
(d, J=25.9 Hz, 10H), 2.15 (s, 7TH), 2.00 — 1.85 (m, 10H), 1.73 (d, /= 6.8 Hz, 3H),1.53 (d,J=
7.1 Hz, 3H), 1.47 (d, J= 6.6 Hz, 3H), 1.37 (d, J=6.8 Hz, 3H), 1.32 (d, /= 7.0 Hz, 3H), 1.21 (d,
J=7.2Hz, 3H) ppm. ’C NMR (151 MHz, Benzene-ds) & 152.89 (d, J = 11;2 Hz), 147.15 (@,
Jep = 16.5 Hz), 143.42 , 142.80 , 142.16 (d, Jcp = 38.3 Hz), 137.63 , 134.99 (d, Jcp = 6.6 Hz),
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132,72, 131.29, 127.31 (d, Jep = 9.7 Hz), 12659 125.37,119.31, 113.24, 111.19, 108.31,
5517, 53.69, 42.50 (t, Jep = 14.6 Hz), 40.15 - 38.51 (m), 37.48 (4, Jep = 6.8 Hz), 33.60 , 31.88

,29.77 (dd, Jop=23.9, 9.0 Hz), 26.23 , 25.23 , 24.96 — 24.06 (m), 24.32 , 24.16 ppm. >'P NMR.
(243 MHz, CDCl3) 6 = 37.08 ppm.

Synthesis of Ligand 23MeOTIP-tBu*Phine

‘ OMe
_ ) : . MeO I
iPr O 2.4 equiv Mg Pr O 1.1 equiv. |

Br O DIBAL BrVig O Br I

IPr iPr THF, 70°C iPr iPr

[000275] A 20 mL oven-dried Schlenk tube was charged with magnesium (57.6 mg, 2.4 mmol)
and anhydrous THF (1.5 mL), 5 drops of diisobutylaluminium hydride (DIBAL) was added and
stirred for 5 min to activate magnesium. 2-bromo-1,3,5-triisopropylbenzene (566 mg, 2 mmol)
was added potion-by-potion with vigorous stirring. The tube was capped with a rubber septum
and was heated to 70°C for 2 h. 1-bromo-2-iodo-3,4-dimethoxybenzene (700 mg, 2.1 mvmol) in
anhydrous THF (3 mL) was injected through syringe. An additional 1 mL of THF was used to
rinse the reaction and was also transferred into the mixture. The combined reaction mixture was
stirred at 70°C overnight. At this time, the mixture was cooled to 0°C using ice bath, and iodine
(1.3g, 5 mmol) in 6 mL anhydrous THF was a(ided drop-wise over 10 min, then the reaction
mixture was stirred for 30 min, and then warmed to stir at room temperature for 2 h. Then, the
mixture was quenched with saturated Na,S,03 (aq.) solution until the red color of bromine

disappeared. The aqueous phase was extracted with Et;O (20 mL x 3) and the combined organic
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phases were dried over anhydrous MgSO,. After concentration, the crude prbduct was'pufiﬁed
by silica gel chromatography (EtOAc / petroleum ether = 1/20) followed by crystallization in
methanol to get a white solid (415 mg, 40%), labeled as 23MeOTIP-1. 'H NMR (600 MHz,
‘Chloroform-d) § 7.41 — 7.31 (m, 4H), 7.27-7.23 (m, 1H), .7.20 (s, 1H), 7.00 (d, J=28.3 Hz,
1H), 6.94 (d, J = 8.3 Hz, 1H), 3.94 (s, 3H), 3.90 (s, 3H), 2.76 — 2.66 (m, 1H), 2.51 (p, J=6.9
Hz, 1H), 2.38 (p, /= 6.9 Hz, 1H), 1.26 (d, J= 6.9 Hz, 3H), 1.13 (d, /= 6.9 Hz, 6H), 1.08 (d, J=
6.9 Hz, 3H), 1.04 (d, /= 6.8 Hz, 3H), 0.80 (d, /= 7.3 Hz, 3H), 0.76 (d, /= 7.2 Hz, 3H) ppm.
BC NMR (151 MHz, CDCl3) & 150.79, 148.74, 144.81, 143.30, 142.70, 142.16, 137.90, 131.47,
130.65, 127.18, 126.35, 126.27, 119.60, 119.38, 111.62, 60.37, 55.93, 32.28, 31.97, 30.58 (d),
29.79 (d), 25.09, 24.98, 24.32 (t), 23.58, 23.45 ppm:

1) 1.5 equiv tBuLi
2) 1.0 equiv CuCl

3) 1.1 equiv CIP(t-Bu)y,
Toluene, 120°C, 24 h

23MeOTIP-tBu*Phine

Di-tert—butyl(Z_',4',6'-triisopropy1-3 ,4-dimethoxy-[1,1":3',1"-terphenyl]-2-yl)phosphane
(23MeOTIP-tBu*Phine). " '

23MeOTIP-tBu*Phine

[000276] A 10 mL oven-dried Schlenk tube wasﬁ charged with 23MeOTIP-iodide (271 mg, 0.5
mmol) and anhydrous toluene (1.0 mL). The tube was capped with a rubber septum and was
cooled to -78°C and 1.7 M n-BuLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was
added dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h

(A). In another 10 mL oven-dried Schlenk tube was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
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equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —=78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reaction and was also transferred to B. Subsequently, di-tert- , |
butylchlorophosphine (108 mg, 0.6 mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was in.jected
slowly through syringe into the above mixture at -78°C. The combined reactibn mixture was
placed into preheated 120°C oil bath and stirred vigorously for 24 h. At this time, the mixture

- was cooled room temperature, diluted with water (10 mL) and EtOAc (50 mL), and the layers
wer,é separéted. The organic phase was washed with 28% NH,OH (aq.) (20 mL x 5), and brine
(10 mL), successively. The combined aqueous phases Were extracted with additional EtOAc (30
mL). The combined organic phases were dried ovér anhydrous MgSO, and filtered. After
concentration, the crude product was recrystallized with MeOH to get a white solid (183 mg,
65%), labeled as 23MeOTIP-tBu*Phine. "H NMR (600 MHz, Chloroform-d) § 7.38 —7.28 (m,
4H), 7.26 - 7.20 (m, 1H), 7.11 (s, 1H), 6.97 — 6.86 (m, 2H), 4.03 (s, 3H), 3.91 (s, 3H), 2.86 —
2.74 (m, 1H), 2.47 (dq, J=13.5, 6.6 Hz, 2H), 1.25 (d,J= 6.9 Hz, 3H), 1.17 (dd, J=12.0, 54
Hz, 18H), 1.08 (dd, J¥ 18.0, 6.9 Hz, 6H), 1.01 (d, J = 6.6 Hz, 3H), 0.91 (d, /= 7.0 Hz, 3H), -
0.47 (d,/=17.2 Hz, 3H) ppm. *C NMR (151 MHZ, Benzene-ds) 6 152.21, 149.94 , 146.35 ,
145.49 (d, Jcp = 13.5 Hz), 142.63 , 142.01,136.70, 132.62 , 130.54 , 127.88 , 127.72 , 127.56 ,
126.83,126.70,126.06,118.52,114.60, 112.96 , 59.97 , 55.72 , 32.46 ,31.42,31.08 , 29.28
,27.98 ,26.56,24.64 ,24.36 ,23.37 , 22.65 ppm. *'P NMR (243 MHz, CDCl;) & = 39.11ppm.

Synthesis of Ligand 23MeTIP-Ad*Phine

1) 1.5 equiv tBuLi
2) 1.0 equiv CuCl

~ 3) 1.1 equiv CIPAd,,
Toluene, 120°C, 24 h

23MeOTIP-Ad*Phine
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Di((1S,3R,5R,7S)-adamantan-1-y1)(2',4',6'-triisopropyl-3,4-dimethoxy-[1,1":3',1"-terphenyl]-2-
‘yl)phosphane (23MeOTIP-Ad*Phine). ’ |

23MeOTIP-Ad*Phine

[000277] A 10 mL oven-dried Schlenk tube was chargéd with 23MeOTIP-I (263 mg, 0.5 mmol)
and anhydfous toluene (1 ;O mL). The tube was capped with a rubber septum and was cooled to -
78°C and 1.7 M n-BuLi solution in pentane (0.45 mL, 0.75 mmol, 1.5 equiv.) was added
dropwise over 10 min under vigorous stirring. The mixture was stirred at -78°C for 1 h (A). In
another 10 mL oven-dried Schlenk tube was charged with CuCl (49.5 mg, 0.5 mmol, 1.0
equiv.). The tube was capped under nitrogen atmosphere and was cooled to -78°C (B). A was
transferred into to B by syringe over 15 min at —78°C. An additional 1 mL of anhydrous toluene
was used to rinse the reéction and was also transferred to B. Subsequently, di-tert-
adamantylchlorophosphine (202 mg, 0.6 mmol, 1.1 equiv.) in anhydrous toluene (1 mL) was
injected slowly through syringe into the above mixture at -78°C. The combined reaction mixture
was placed into preheated 120°C oil bath and stirred vigorously- for 48 h. At this time, the
mixture wasvcooled room temperature, diluted with Water (10 mL) and EtOAc (50 mL), and the
layers were separated. The organic phase was washed with 28% NH4OH (aq.) (20 mL x 5), and
brine (10 mL), successively. The combined aquéous phases were extracted with additional
EtOAc (30 mL). The combined organic phases were drie}d over anhydroﬁs MgSOy4 and filtered.
After concentr‘atvion, the crude product was recrystallized with MeOH to get a white solid (190
mg, 53%). 'H NMR (600 MHz, Chloroform-d) & 7.43 — 7.30 (m, 4H), 7.26 — 7.23 (m, 1H), 7.09
(s, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.90 (d, /= 3.9 Hz, 1H), 4.07 (s, 3H), 3.92 (s, 3H), 2.84 - 2.76
(m, .1 H), 2.48 (dt, J=20.6, 6.8 Hz; 1H), 2.25 - 1.42 (m, 15H), 1.26 (d, /= 6.8 Hz, 3H), 1.10 (d,
J=6.8 Hz, 6H), 1'.06'(vd, J=6.9 Hz, 3H), 1.01 (d, /= 6.7 Hz, 3H), 0.91 (d, /= 7.0 Hz, 3H), 0.48
(d, J=7.2 Hz, 3H) ppm. *C NMR (151 MHz, Benzene-ds) & 152.19 (d, Jcp = 3.0 Hz), 149.66 ,
146.37 (d, Jcp = 4.1 Hz), 143.82,143.57,142.96, 142.64 , 142.18 , 138.54 ,136.62 , 132.18 ,
130.58 , 126.80, 126.68 , 125.99 , 119.23 , 118.55, 113.01 , 60.00, 55.71 , 41.65 (dd, Jep =
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21.4,13.7 Hz), 40.71 (d, Jep = 11.1 Hz), 39.85 (d, Jcp = 12.3 Hz), 38.87 (d, Jep = 13.5 Hz),
38.54 ,38.36 (d, Jep = 4.2 Hz), 38.18 , 38.05 , 36.96 (d, Jop = 6.6 Hz), 36.74 (d, Jep = 7.6 Hz),
36.63 — 36.42 (m), 36.30 (d, Jep = 10.4 Hz), 35.36 , 32.41 (d, Jep = 2.9 Hz), 31.08 (d, Jep = 2.3
Hz), 29.25 , 28.73 (d, Jep = 7.7 Hz), 28.13 (d, Jep = 10.4 Hz), 26.61 , 24.80 , 24.38 , 24.17 (d,
Jep = 5.3 Hz), 23.47 , 22.74 ppm. *'P NMR (243 MHz, CDCl;) 8 = 40.94 ppm.

Synthesis of Ligand Npip-TIP-tBu*Phine

O sec-BuLi
(1.4 Min cyclohexane ]
@\ toluene . @l E—

F.78°Cto-40°C. cucl
3h 78Ctort P(t-Bu),Cl
ipr C] 1.‘7t|-\‘/13Li]r‘1_ i entane) | Li e O » ) o 130%C
Br. O 14 h
ALy e e e | — |
1.5h . . Npip-TIP-tBu*Phine

-1-(2-(di-tert-butylphosphanyl)-2',4',6'-triisopropyl-[ 1,1:3',1"-terphenyl]-3-yl)piperidine (Npip-
TIP-tBu*Phine).

- [000278] An oven-dried 20 mL microwave reaction vial (vial 1) which was equipped with a
magnetic stir bar was charged with 1-(3-fluorophenyl)piperidine (0.28 g, 1.56 mmol) and
anhydrdus toluene (1.2 mL) inside a glove-box. The vial was sealed and 1b»rought out of the
glove-box. The reaction mixture was cooled to -78 °C and sec-BuLi (1.4 M 1in cyclohexane, 1.23
mL, 1.72 mmol) was added dropwise in 10 min. The reaction mixture was allowed to warm to -
40 °C in 2.5 h-3 h after which it was again cooled to -78 °C. To a separate. oven-dried 10 mL
microwave reaction vial (vial 2) which was equipped with a magnetic stir bar was charged with
3-bromo-2,4,6-triisopropyl-1,1'-biphenyl (0.45 g, 1.25 mmol) and anhydrous toluene (1.8 mL)

inside a glove-box. The vial was sealed and brought out of the glove-box. The reaction mixture
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- was cooled to -78 °C and #-BuLi (1.7 M in pentane, 1.54 mL, 2.63 mmol) was added dropwise
in 10 min. The reaction mixture was allowed to stir at -78 °C for 30 min after which the
acetone:dry-ice bath was removed and the reaction mixture was alloWed to stir at room
temperature for 1 h. The above reaction mixture was added dropw1se via a cannula to v1a1 lat- |
78 °C in 20 min and the reaction mixture was allowed to warm to room. temperature overnight
- (20 h). The above was again transferred to a glove-box and CuCl (155 mg, 1.56 mmol) was
added to it. The above was stirred for 10 min before adding di-tert-butyl chlorophosphine (0.3
mL, 1.56 mmol) slowly. The vial was sealed, brought out of the glove-box and the reaction
mixture was allowed to stir at 130 °C for 14 h. The reaction mixture was cooled and EtOAc (50
mL) and 30% NH4OH (50 mL) were added. The two layers were shaken in a separatory funnel
and separated. The organic phase was washed with 30% NH4OH until the aqueous phase was no
longer blue. The combined aqueous washes were back-extracted with EtOAc (100 mL) and the
combined drganic extracts were washed with brine, dried over Na_ZSO4, filtered and the solvent
was removed with the aid of a rotary evaporator. The cfude material was purified by trituration
in 2:3 Et;0:MeOH (2.0 mL) to afford an off-white colored solid (0.255 g, 35% yield), labeled as
Npip-TIP;tBu*Phine. 'H NMR (600 MHz, CDCls) & 7.42-7.40 (m, 1H), 7.31-7.25 (m, 5H),
7.19-7.17 (m, 1H), 7.07-7.05 (m, 2H), 3.06 (bs, 2H), 2.74-2.64 (m, 3H), 2.45-2.40 (m, lH),v
2.25-2.20 (m, 1H), 1.77-1.62 (m, 6H), 1.20-1.66 (m, 20H), 1.06-1.03 (m, 7H), 0.93-0.92 (m,
3H), 0.86-0.84 (m, 3H), 0.45-0.43 (m, 3H); >°C NMR (150 MHz, CDCL3) § 161.22, 146.76,
146.30, 142.50, 142.41, 136.81, 132.41, 130.83, 130.17, 130.11, 128.24,127.17, 127.00,
126.33, 122.59, 118.70, 34.11, 34.02, 33.90, 33.81, 33.18, 33.15, 32.67, 32.56, 32.44, 31.38,
29.56, 26.66, 25.86, 24.87, 24.67, 24.48, 24.30, 23.66, 22.86; *'P NMR (161 MHz, CDCl3) &

- 45.49.

Synthesis of Ligand Npip-TIP-Ad*Phine

O n-BuLi
(1.4Min cyclohexane) ‘
@\ * toluene ©| B

F_78°Cto-40°C
3h
-78°Ctort |

iPr 1 7t;\5|3l'Ju vy O o
Br O O . in pentane) | Li O
toluene . . I
p : iPr iPr
iPr iPr -78°C to rt ‘ o
1.5h Npip-TIP-Ad*Phine
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1-(2-(di((1s,3R,5R,7S)-adamantan-1-yl)phosphanyl)-2',4',6'-triisopropyl-[ 1,1":3',1"-terphenyl]-3-
yDpiperidine (Npip-TIP-Ad*Phine). '

[000279] An oven—dried 20 mL microwave reaction vial (vial 1) which was equipped with a
magnetic stir bar was charged with 1-(3-fluorophenyl)piperidine (0.30 g, 1.67 mmol) and
anhydrous tolﬁene (1.2 mL)' inside a glove-box. The vial was sealed and brought out of the |
glove-box. The reaction mixture was cooled to -78 °C and n-BuLi (1.6 M in hexane, 1.15 mL,
1.84 mmol) was added dropwise in 10 min. The reaction mixture was ,allovs‘/ed to -warm to -40 °C
in 2.5 h-3 h after which it was again cooied to -78 °C. To a separate oven-dried 10 mL
microwave -reaqti_dn vial (vial '2) which was equipped with a magnetic stir bar was charged with
3-bromo-2,4,6-trbi-iso‘propy1‘-1,1'-biphenyl (0.421 g, 1.17 mmol) and anhydrous toluene (1.8 mL)
inside a glove-box. The vial was sealed and brought out of the glove-box. The reaction mixture
was cooled to -78 °C and z-BuLi (1.7 M in pentane, 1.41 mL, 2.40 mmol) was added dropwise
in 10 min. The reéction mixture was allowed to stir at -78 °C for 30 min after which the
acetone:dry-ice bath was removed and the reaction mixture was allowed to stir at room |
temperature for 1 h. The above reaction mixture was added dropwise via a cannula to vial 1 at -

- 78 °C in 20 min and the reaction mixture was allowed to warm to room temperature overnight
(20 h). The above was again transferred to a glove-box and CuCl (165 mg, 1.67 mmol) was
added to it. The above was stirred for 10 min before adding di(1-adamantyl)chlorophosphine

(0.563 mg, 1.67 mmol). The vial was sealed, Brought out of the glove-box and the reaction
mixture was allowed to stir at 130 °C for 18 h. The reaction inixture was cooled and EtOAc (50
mL) and 30% NH4OH (50 mL) were added. The two layers were shaken in a separatory funnel
and separated. The organic phase was washed with 30% NH4OH until the aqueous phase was no
longer blue. The combined aqueous washes were back-extracted with EfOAc (100 mL) and the
combined organic extracts were washed with brine, dried over Na,;SOy, filtered and the solvent ]
was removed with the aid of a rotary evaporator. The resulting mixture was suspended in Et,0

(3.0 mL) and allowed to stir at 0°C for 1 h and filtered. The resulting filtrate was concentrated
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éompletely and the crude material was purified by trituration in 1:4 Et,O: MeOH (3.0 mL) to
afford an off-white solid (0.173 g, 20% yield), labeled as Npip-TIP-Ad*Phine. 'H NMR>(6OO
MHz, CDCl3) 8 7.41-7.39 (m, 1H), 7.33-7.24 (m, SH), 7.20-7.18 (m, 1H), 7.09-7.07 (m, 1H),
7:05 (s, 1H), 3.24-3.19 (m, 2H), 2.78-2.63 (m, 3H), 2.45-2.40 (m, 1H), 2.23-2.19 (m, 1H),
2.15—2.02‘(m, 2H), 2.00-1.91 (m, 4H), 1.84-1.80 (m, 12H), 1.76-1.70 (m, 6H), 1.61-1.58 (m,
12H), 1.20-1.18 (m, 3H), 1.05-1.02 (m, 6H), 0.94-0.92 (m, 3H), 0.88-0.86 (m, 3H), 0.48-0.46
" (m, 3H), 13C NMR (150 MHz, CDCl;) 6 161.38, 161.35, 154.82, 154.53, 146.76, 146.44,
142. 57, 142.54, 140.04, 139.98, 136.68, 133.50, 132.44, 130.79, 130.09, 130.02, 128.01,
127.22,127. OO 126.31, 122.11, 118.55, 59.61, 58. 12 42.55, 42. 46 42.15, 42.05, 39.30, 39.25,
3920, 39.12, 39 03, 38.91, 38.82, 37.42,37.26, 33. 28 33.25,31.28, 33.25, 31.41, 29.55, 29.37,
29.31, 28.65, 28.63, 26.84, 25.82, 25.72, 25.01, 24.56, 24.19, 23.77, 22.78; *'P NMR (161 MHz,
CDCl;) & 46.35 ppm.

Synthesis of Ligand Npip-TIP-Cy*Phine

0 n-BuLi
N (1.4 Min cyclohexane)
©\ toluene ©| B )
F.78°C to-40°C O
3h -78°Ctort i
: ~tButi Pr 20n [P O
Br iPr O (1.7 M in pentane) | Li O
i O i toluene . O . _J Pr
iPr iPr - g0 iPe P
-78°Ctort .
15h- - . : Npip-TIP-Cy*Phine

1 -(2-(dicyclohexylphosphanyl)-2',4',6'-triisopropy1-[ 1,1':3",1"-terphenyl]-3-yl)piperidine (Npip-
TIP-Cy*Phine).

Npip-TIP-Cy*Phine
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[000280] An oven-dried 20 mL microwave reaction vial (vial 1) which was equipped with a
- magnetic stir bar was charged with 1-(3-fluorophenyl)piperidine (0.30 g, 1.67 mmol) and
anhydrous toluene (1.2 mL) inside a glove-box. The vial was sealed and brought out of the
glove-box. The reaction mixture was cooled to -78 °C and n-BulLi (1.6 M in hexane, 1.15 mL,
1.84 mmol) was added dropwise in 10 min. The reaction mixture was allowed to warm to -40 °C
in 2.5 h-3 h after which it was again cooled to -78 °C. To a separate oven-dried 10 mL
microwave reaction vial (vial 2) which was equipped with a magnetic stir bar was charged with
3-bronio-2,4,6-triisopr0py1-1,1'-biphenyl (0.421 g, 1.17 mmol) and anhydrous toluene (1.8 mL)
inside a glove-box. The vial was sealed and brought out of the glove-box. The reaction mixture
‘was cooled to -78 °C and #-BuLi (1.7 M in pentane, 1.41 mL, 2.40 mmol) was added dropwise
in 10 min. The reaction mixture was allowed to stir at -78 °C for 30 min after which the
acetone:dry-ice bath was removed and the reactibn mixture was allowed to stir at room
| temperature for 1h The above reaction mixture was added dropwise via a cannula to vial 1 at -
78 °C in 20 min and the reaction mixture was allowed to warm to room temperature overnight -
(20 h). The above was again transferred to a glove-box and CuCl (165 mg, 1.67 mmol) was
- added to it. The above was stirred for 10 min before adding chlorodicyclohexylphosphine (0.37
mL, 1.67 mmol). The vial was sealed, brought out of the glove-box and the reaction mixture was
allowed to stir at 130 °C for 8 h. The reaction mixture was cooled and EtOAc (50 mL) and 30%
NH4OH (50 mL) were added. The two layers were shaken in a separatory rfunnel and separated.
The organic phase was washed with 30% NH4OH until the aqueous phase was no longer blue.
The combined aqueous washes were back-extracted with EtOAc (100 mL) and the combined
6rganic extracts were washed with brine, dried over Na,SQ,, filtered and the solvent was -
removed with the aid of a rotary evaporator. The crude material was purified by trituration in 2:3
acetone:MeOH (2.0 mL) twice to afford an off-white solid (0.223 mg, 30% yield), labeled as
Npip-TIP-Cy*Phine. 'H NMR (600 MHz, C¢D¢) & 7.48 (s, 1H), 7.45-7.41 (m, 2H), 7.22-7.18
(m, 4H), 7.15-7.12 (m; 2H}), 3:19-3.12 (m, 1H), 2.92-2.84 (m, 2H), 2.78-2.66 (m, 4H), 2.54—
2.48 (m, 2H), 2.09-2.01 (m, 2H), 1.83—1:58 (m, 12H), 1.52-1.51 (m, 3H), 1.38-1.22 (m, 14H),
1.18-1.12 (m, 10H), 0.98-0.97 (m, 3H); C NMR (150 MHz, CDCl3) § 160.79, 147.72, 142.89,
138.36, 132.94, 131.60, 128.81, 128.68, 127.82, 127.76, 127.15, 119.88, 33.35, 31.61, 30.24,
128.20, 28.14, 28.06, 27.40, 27.27, 27.15, 27.00, 25.26, 25.17, 25.08, 24.74, 2449, 23.77; *'P
NMR (161 MHz, CDCl;) 8 1.23 ppm.
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Palladium-*Phine Complexes
Synthesis of PACl,(TIP-Cy*Phine),
- CH3CN ipr
PdCIo(CHACN), &+ : O Cy oy
O 80°C, 30 min e O
. iPr Pd” ipr iPr
or Pr cr’ /\R
THF ZXCY Cy
PdCI,(COD) + iPr : iPr
' rt, overnight 1

PACly(TIP-Cy*Phine),.

iPr
Cy
25
Cl
) \ iPr

PropPd” ipr

[000281] To an oven-dried vial was added PdC1,(CH;CN), (520 mg, 2 mmol, 1.0 equiv.) and
anhydrous acetonitrile (20 mL). With rapid stirring, TIP-Cy*Phine (L, 1.1 g, 4 mmol, 2.0
equiv.) was added potion-by-potion. The vial was capped under nitrogen and placed into an
809C preheated oil bath fof 30 min with vigorously stirring, during which period an orange
precipitate formbed. The precipitate. was filtered through a sintered glass frit, washed with
pentane (3 x 8 mL), and dried under reduced préssure to afford a yellow solid (1.7 g, 70%).
Alternative procedure: To an oven-dried vial was added PACly(COD) (28.6 mg, 0.1 mmol, 1.0
equiv.) and anhydrous THF (5 mL). With rapid stirring, TIP-Cy*Phine (L, 110.8 mg, 0.2 mmol,
2.0 équiv.) was added. The vial was capped under nitrogen and stirred vigorously at room
temperature overnight. The solvent was removed in vacuo and pentane (10 mL) was added. The
yellow solid precipitates out immediately and was filtered through a sintered glass frit, washed
with pentane (3 X 5 mL), and dried under reduced pressure to afford a yellow solid (111 mg,

85%). *'P NMR (243 MHz, CDCls) & = 45.3.
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Synthesis of PdBr(TIP-tBu*Phine)

[000282] To an oven-dried vial was added TIP-tBu*Phine (450 mg, 0.9 mmol, 1.0 equiv.) and
4-bromo-nbutylbenzene (959 mg, 4.5 mmol, 5 equiv.). With rapid stirrihg, cyclohexane was
added dropwise until all reagents had completely dissolved (3 mL total). (COD)Pd(CH2TMS)2
(350 mg, 0.9 mmol, 1.0 equiv.) was added rapidly in one portion and the mixture was
vigorously stirred at room temperature for 16 hours, during which period a precipitate formed.
Pentane (2 ml) was added and the mixture placed in a -30 °C freezer for at least 1 hour. The:
mixture was filtered through a sintered glass frit, washed with pentane (3 x 6 mL), and dried
under reduced pressure to afford 2 as a bright yellow solid (570 mg, 77%). "H NMR (400 MHz,
Methylene Chloride-ds) & 8.05 (ddd, J = 7.8, 6.0, 1.8 Hz, 1H), 8.01 — 7.89 (m, 1H), 7.54 7.36
(m, 5H), 7.34 —7.30 (m, 1H), 7.06 (dd, /= 8.4, 1.9 Hz, 2H), 6.97 - 6.88 (m, 1H), 6.76 (d, J =
8.0 Hz, 3H), 5.56 — 4.94 (m, 2H), 3.85 (s, 2H), 2.91 (p, /= 7.1 Hz, 1H), 2.54 (td, /= 8.9, 8.2,
6.5 Hz, 4H), 1.64 (d, /= 6.7 Hz, 3H), 1.50 (d, /= 14.0 Hz; 10H), 1.37 (d, /= 14.0 Hz, 10H),
1.33 (s, 3H), 1.09 (d, J = 6.8 Hz, 3H), 1.04 ~ 0.89 (m, 10H), 0.86 (d, J = 7.0 Hz, 3H). ppm. 1*C
NMR (151 MHz, Chloroform-d) 8 156.99 , 151.47 , 148.70 , 148.25 (d, Jep = 19.5 Hz), 140.69 ,
139.59, 138.62 , 137.98 , 136.95, 136.39 (d, Jcp = 23.4 Hz), 135.30, 135.14 (d, Jop = 10.5 Hz),
132.81,130.98,129.63,127.11, 126.76 (d, Jcp = 15.8 Hz), 126.60 , 126.27 , 125.37 (d, Jcp =
4.1 Hz), 123.43 , 39.61 (d, Jcp = 14.4 Hz), 39.34 (d, Jcp = 14.3 Hz), 34.60 , 33.71 , 33.21,31.93
(d, Jep=5.0 Hz), 31.50 (d, Jep = 4.9 Hz), 30.02 , 25.54 (d, Jep = 12.1 Hz), 25.03 , 24.72 ,24.55 ,.
23.25,22.24, 14.00 ppm. >'P NMR (162 MHz, Methylene Chloride-d2) 5 49.88 ppm.

=

Synthesis of PdBr(TIP-tBu*Phine)
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[000283] To an oven-dried vial was added TIP-tBu*Phine (250 mg, 0.5 mmol, 1.0 equiv.) and
4-bromo-nitrébenzene (502mg, 0.5 mmol, 5 equiv.). With rapid stirring, cycloheXane was added
dropwise until all reagents had completely dissolved (2 mL total). (COD)Pd(CH2TMS)2 (209
mg, 0.5 mmol, 1.0 equiv.) was added rapidly in one portion and the mixture was vigorously
stirred at room temperature for 16 hours, during which period a precipitate formed.-Pentane 3
" ml) was added and the mixture placed in a -30 °C freezer for at least 1 hour. The mixture was
filtered through a sintered gléss' frit, washed With pentane (3 X 6 mL),Vand dried under reduced
pressure to afford 3 as a bright yellow solid (291 mg, 71%). 'H NMR (600 MHz, Benzene-ds) &
7.85-7.75 (m, 2H), 7.62 (td, J= 6.5, 5.9, 3.4 Hz, 2H), 7.56 (s, 1H), 7.54 — 7.48 (m, 1H), 7.41 -
7.32 (m, 2H), 7.01 (tt, /= 7.6, 1.7 Hz, 1H), 6.96 (t, /= 7.6 Hz, 1H), 6.70 (ddd, J= 7.8,3.5,1.5
Hz, 1H), 3.04 (p, J= 7.0 Hz, 1H), 2.97 (p, J = 6.8 Hz, 1H), 2.61 (p, J= 6.7 Hz, 1H), 1.79 (d, J=
6.8 Hz, 3H), 1.64 (d, /= 6.8 Hz,3H), 1.36 (d, /= 7.2 Hz, 3H), 1.26 (d, /= 6.8 Hz, 12H), 1.09 (d,
J=14.2 Hz, 12H), 0.99 (d, J = 6.8 Hz, 3H) ppm. 3‘1P NMR (162 MHz, Benzene-ds) 6 50.44
ppm.

Synthesis of PdBr(TIP-tBu*Phine)
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[000284] To an oven-dried vial was added TIP-tBu*Phine (36 mg, 0.07 mmol,-1.0 equiv.) and
bénz'enebromide (56.2 mg, 0.07 mmol, 5 equiv.). With rapid stirring, cyclohexane was added
dfopwise until all reagents had completely dissolved (1 mL total). (COD)Pd(CH2TMS)2 (30
mg, 0.07 mmo), 1.0 equiv.) was added rapidly in one portion and the mixture was vigorously
stirred at room temperature for 16 hours, during which period a precipitate formed. Pentane (2
ml) was added and the mixture placed in a -30 °C freezer for at least 1 hour. The mixture was
filtered through a sintered glass frit, washed with péntane (3 x 6 mL), and dried under reduced
pressure to afford 4 asa bright yéllow solid (31 mg, 5%). 'H NMR (400 MHz, THF-d3) & 8.12
(ddd, /= 8.0, 6.1, 1.8 Hz, 1H), 8.06 — 7.99 (II.l,.lH.), 7.50 —7.41 (m, 2H), 7.34 (dtt, /= 5.8, 4.0,
2.3 Hz, 3H), 7.13 (dd, J = 6.8, 1.4 Hz, 2H), 6.94 (ddd, /= 7.0, 3.4, 1.9 Hz, 1H), 6.76 (dd, J =
8.2, 6.9 Hz, 2H), 6.71 —6.62 (m, 1H), 2.94 (p, /= 7.1 Hz, 1H), 2.57 (dp, /= 13.7, 6.8 Hz, 2H),
1.63 (d, J = 6.8 Hz, 3H), 1.50 (d, /= 13.8 Hz, 9H), 1.37 (d, J= 13.8 Hz, 9H), 1.32 (d, /= 6.9
Hz, 3H), 1.06 (d, J= 6.8 Hz, 3H), 1.00 (d, J= 7.2 Hz, 3H), 0.93 (d, J=6.7 Hz, 3H), 0.85(,J=
7.0 Hz, 3H) ppm. *C NMR (151 MHz, THF-dg) 8 154.65 , 149.40, 146.49 , 146.16 (d, Jcp =
19.7 Hz), 139.02 , 137.67 , 137.09 , 134.46 (d, Jcp = 22.8 Hz), 133.84 , 133.37 (d, Jep = 10.5 -

| Hz), 130.71 , 129.34 (d, Jop = 2.4 Hz), 129.14 , 127.85 (d, Jep =2.2 Hz), 125.57 (d, Jcp.= 3.2
Hz), 124.95,124.72 , 124.34 , 123.87 — 123.06 (m), 121.32, 120.25 ,37.70 — 37.17 (m), 37.09 ,
31.26,29.47,29.07 (d, Jep = 4.9 Hz), 28.00, 23.18 — 22.34 (m), 20.79 ppm. P NMR (162
MHz, THF-dy) § 49.13 ppm. a
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Overall Scheme for Synthesis of *Phinite Ligands and Pd*Phinite Precatalysts

1 % Pdy(dba)s,
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Br ' | KsPO4 LiBr- ’Brt‘\/‘ o
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- Pd(1,2-*Phinite)(PCy,)ClI

Synthesis 1,2-tBu*Phinite

Pd(1,3-*Phinite)(py)Ci

[000285] 2,4,6-Trimethyl-1,1"-biphenyl. To an oven dried 2 neck 50 mL flask equipped with a

magnetic stir bar and condenser, 1.98 g (10 mmol) of mestlyene bromide, 2.44 g (15 mmol) of

phenylbornic acid, 4.224 g (20 mmol) of potassium phosphate tribasic, 0.820 g (2 mol %) of

SPhos and 0.910 g (1 mol %) of tris(dibenzylideneacetone)dipalladium(0) was added. The

mixture was then evacuated and backfilled with argori three times then anhydrous

tetrahydrofuran (10 mL) and toluene (10 mL) were added to the flask. The mixture was stirred at

60 °C for 16 h then cooled to room temperature prior to filtration through a pad of Celite,
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washing thor(_)ﬁghly with EtOAc. The red filtrate was concentrated in vacuo yielding a crude
residue that wés puriﬁed by ﬂash chromatography on silica gel using hexanes as the eluent to -
afford a colorless liquid (1.56 g, 80 %). 'H (600 MHz, CDCLs) &: 7.59 (t, J= 7.44 Hz, 2H), 7.51-
7.49 (m, 1H), 7.33(dd, J= 6.84 Hz, 1.38 Hz, 2H),7.14 (s, 2H), 2.53 (s, 3H), 2.21 (s, 6H). °C
(150 MHz, CDCl,) é: 141.3‘4,‘ 139.28, 136.69, ‘136.11, 129.49, 128.58, 128.28, 126.71, 21.24,
20.95. ’

' 3-Broto-2,4,6-trimethyl-1,1"-biphenyl. -

Br

- [000286] To a 250 mL flask wrapped with aluminium foil equipped with a magnetic bar was
charged with 1.96 g (10 mmol) of 2,4,6-trimethyl-1,1"-biphenyl, 0.869 g (10 mmol) of lithium
bromide, 3.98 g (11 mmol) of selectfluor and acetonitrile (70 mL). The mixture was stirred at
room temperature for 16 h after which the solvent was removed under vacuum. The residue was
extracted into dichloromethane and filtered through a pad of Celite. The filtrate was collected
and washed with concentrated sodium thiosulfate. The organic layer was collected, dried with
MgSQs, filtered and concentrated to dryness under reduced pressure. The crude residue was then
purified by ﬂash chromatography on silica gel using hexanes and the eluenf to afford a colorless
- liquid (0.220 g, 80 %). 'H (600 MHz, CDCl3)8: 7.42(t, J = 7.3Hz, 2H),7.35-7.33 (m, 1H), 7.09

| (dd, J= 6.84, 1.44 Hz, 2H), 7.02 (s, 1H), 2.43 (s, 3H), 2.12 (s, 3H), 1.93 (s, 3H). *C (150 MHz,
CDCl;) 8: 141.45, 141.11, 137.13, 136.25, 135.01, 129.62, 129.32, 128.73, 127.07, 125.60,
24.20,22.19, 20.81. "

2'4' 6'-trimethyl-[1,1":3",1"-terphenyl}-2-ol.

OH
&,
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~ [000287] To an oven-dried flask fitted with a magnetic stir-bar was sequentially added 194.5 mg
of Mg (8.0 mmol), 2 mL of THF and 80 pL (0.08 mmol) of a 1.0 M solution of DIBAL in THF.
After stirring the mixture for 2 min at 25 °C, 1.65 g (6.0 mmol) of 3-Bromo-2,4,6-trimethyl-1,1'-
biphenyl was added and stirred overnight (16 h) at 25 °C until completion as judged by GC-MS.
Ina sepatate flask, a magnetic stir-bar, 100.8 mg (4.2 mmol) of NaH, 1.0 mL of THF was
added, followed by the dropwise addition of 692 mg (4.0 mmol) of 2-bromopheno‘1 at 25 °C.

. The rmxture was stirred for 10 min (until the effervescence ceases) at which point the whlte

o suspens10n has become a transparent solutlon and 54 4 mg (0.08 mmol) of PEPPSI—IPr is added :

The Gngnard solutlon formed earlier was then dlluted with 1 mL of THF and rapldly added (in
one shot) to the other mixture, which resulted in the formation of a mustard yellow suspension.
The flask was quickly sealed under argon and heated in a 70 °C oil bath for 16 h. After the |
reaction was complete as determined by GC-MS, the resultant grey suspension was cooled to
room temperature and quenched with 6.0 mL of a 0.5 M aq Na;EDTA solutlon The crude
product was extracted with 3 x 20 mL of EtOAc. The organic portlons were combined, washed
with H>0 and brme dried with MgSO4, filtered and concentrated in vacuo affording viscous

~ yellow 011. The crude product was purified by flash chromatography on silica gel using |
petreleum ether/EtOAc (0 to 20 % EtOAc) as the column eluent to yield a white solid. The
product can be recrystallized using a 95:5 petroleum ether/EtOAc mixture to give colorless
crystalline blocks (865 mg, 75 %). 'H NMR (600 MHz, Benzene-de) & 7.23 — 7.18 (m, 2H), 7.14
~7.01 (m, 5H), 6.98 (dd, /J=7.5, 1.7 Hz, 1H), 6.94 (s, 1H), 6.85 (td, J = 7.4, 1.3 Hz, 1H), 4.58
(s, 1H), 2.03 (s, 3H), 2.02 (s, 3H), 1.91 (s, 3H). >C NMR (151 MHz, Benzene-ds) 6 153.68, |
142.12, 141.23, 137.14, 136.71, 136.21, 133.57, 130.73, 130.24, 129.87, 129.85, 129.68,
129.24, 129.22, 128.68, 127.31, 121.42, 116.14, 21.41, 20.74, 19.01.

2'4'.6'-triisopropyl-[1,1":3',1"-terphenyl]-2-ol.

iPr. Q :
O -iPr
OH
iPr O
[000288] The procedure used was the same as 2°,4°,6’-trimethyl-[1,17:3°,1°"-terphenyl]-2-ol

with the exception of the usage of 2.16 g (6 mmol) of 3-bromo-2,4,6-triisopropyl-1,1'-biphenyl
as the starting material (969 mg, 65 %). _IH NMR. (600 MHz, Chloroform-d) & 7.36 (m, ZH),
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7.34-7.30 (m, 1H), 7.28 — 7.25 (m, 1H), 7.25 (s, 1H), 7.23 — 7.20 (m, 1H), 7.19 — 7.16 (m, 1H),
7.10 (d, 7= 7.5 Hz, 1H), 6.97 — 6.92 (m, 2H), 4.72 (br, 1H), 2.83 (p, J= 7.3 Hz, 1H), 2.58 —
2.42 (m, 2H), 1.15 (4, J = 6.9 Hz, 3H), 1.08 (t, J= 7.0 Hz, 6H), 1.04 (d, J = 6.8 Hz, 3H), 0.80 —
0.75 (m, 3H), 0.73 (d, J= 7.3 Hz, 3H). "*C NMR (151 MHz, Chloroform-d)  153.63, 148.67,
145.15, 141.48, 139.24, 129.12, 127.84, 127.32, 126.79, 120.66, 120.01, 114.82, 32.30, 30.32,
24.89, 24.40, 24.30, 24.13, 23.43. | |

Di-tert-butyl ((2',4',6'—trimethy1—[‘41 , 1'13: 1 "-terphenyl]-2-y1)oxy)phbsphané (1 ,2-tBu*Phinite);

W
0—R

N

o™

[000289] To an oven-dried flask fitted with a magnetic stir-bar was added 50 mg (2.2 mmol) of

NaH and 5 mL of THF. To the stirring white suspension, 577 mg (2.0 mmol) of 2°,4°,6°- N

trimethyl-[1,17:3",1"’-terphenyl]-2-ol dissolved in 10 mL of THF was added dropwise at 25 °C.b

. After effervéscencé ceases, 394-mg ‘(2.18 mmol) of P(tBu),Cl was added dropwise, which
resulted in the emergence of a fine suspension. The flask was sealed and heated in a 70 °C oil
bath for 16 h. After cooling to room temperature, 10 mL of petroleum ether was added and the
mixture was filtered through a pad of Celite. The colorless filtrate was concentrated to near
dryness and the addition of 5 mL of anhydrous MeOH resulted in the precipitation of a white
solid. The'solid was collected by vacuum filtration and washed with pentane to afford a pure
white powder (692 mg, 80 %). '"H NMR (600 MHz, Benzene-ds) 8 7.86 (ddd, J = 8.4, 4.4, 1.1
Hz, 1H), 7.46 — 7.42 (m, 1H), 7.41 - 7.38 (m, 1H), 7.37 - 7.33 (m, 1H), 7.29 — 7.25 (m, 3H),
7.25(d,J=1.7Hz, 1H), 7.22 (dd, J= 7.4, 1.8 Hz, 1H), 7.01 (td, J= 7.4, 1.1 Hz, 1H), 2.30 (s,
3H), 2.18 (s, 3H), 2.13 (s, 3H), 1.10 (d, /= 0.6 Hz, 9H), 1.10 (d, J = 22.7 Hz, 9H). BCNMR
(151 MHz, "Ben'zen.e-dé) 6 157.19 (d, /= 9.3 Hz), 143.11, 140.47, 136.99, 135.82, 135.05,

-134.86, 132.18, 131.61, 130.06, 129.89, 129.32 (d, /= 6.6 Hz), 129.17, 128.90, 127.11, 121.89,
117.46, 117,31, 36.07 (d, J = 3.4 Hz), 35.90 (d, J = 3.3 Hz), 27.80 (d, J = 3.5 Hz), 27.70 (d, /=
3.7 Hz), 21.46, 21.39, 19.84.>'P NMR (162 MHz, Benzene-ds) 8 146.70. |
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- . Synthesis 1,2-iPr*Phinite -

[()‘00,29'0] DiisOpropyl‘(‘(Z‘,4';6'-trimethylé[ 1, 1 "3,1 "-terphenyl‘]-‘2-yl)oxy)phosphané (1,2-iPr-
*Phinite). The procvedure used was the same .as.ll,2-tBu*Phiniter with the exception of the usag'e'
of 335 mg (2.2 rﬁmol) of P(iPr)2C1 as starﬁng material (485 mg, 60 %). 'H NMR (400 MHz,
Benzene-de) 6 7.58 (ddd, J=8.2, 3.5, 1.1 Hz, 1H), 7.36 — 7.20 (m, 4H), 7.15 — 7.06 (m, 3H),
7.04 (s, 1H), 6.91 (td, J= 7.4, 1.2 Hz, 1H), 2.17 (s, 3H), 2.08 (s, 3H), 2.00 (s, 3H), 1.65-1.57
(m, 2H), 0.99 — 0.83 (m, 12H). *C NMR (151 MHz, Benzene-dg) 6 156.65 (d, J=-8.6 Hz),
143.05, 140.31, 137.03, 135.94, 135.03, 134.98, 131.58, 130.12, 129.91, 129.30, 129.27,
129.16, 128.87, 128.82, 127.10, 122.27, 118.02 (4, J=19.7 Hz), 28.77 (d, J= 7.9 Hz), 28.65 (d,
J=28.0 Hi), 21.42,21.35,19.58, 18.18, 18.04. 3'P NMR (162 MHz, Benzene-ds) & 144.32.

Synthesis 1,2-tBu*Phinite-TIP

o
o—F
iPr Q tBu

[000291] Di-tert-butyl((2',4',6'-triisopropyl-[1,1":3',1"-terphenyl]-2-yl)oxy)phosphane (1,2-
tBu*Phinite-TIP). The procedure used was the same as 1,2-tBu*Phinite with the exception of
the usage of 745 mg (2 mmol) of 2°,4°,6’-triisopropyl-[1,1°:3°,1”-terphenyl]-2-0l as starting
material (827 mg, 80 %).'H NMR (600 MHz, Benzene-ds) 6 7.85 (ddd, /= 8.3, 5.4, 1.1 Hz,
1H), 7.43 (s, 1H), 7.40 - 7.32 (m, 3H), 7.26 - 7.17 (m, 3H), 7.15 - 7.11 (m, 1H), 6.91 (td, J =
7.4,1.1 Hz, 1H), 3.11 (hept, J= 7.1 Hz, 1H), 2.78 (heptd, J = 6.8, 4.3 Hz, 2H), 1.36 (d, /= 6.9
Hz, 3H), 1.17 (d, /= 6.9 Hz, 3H), 1.12 (d, /= 6.7 Hz,‘3H), 1.04 (d,J=5.9 Hz, 9H), 1.02 (d, J =
5.9 Hz, 9H). BC NMR (151 MHz, Benzene-dg) & 156.52 (d, J= 9.5 Hz), 147.01, 146.52, 143.17,
142.02, 137.57, 134.75, 132.23, 131.57, 130.99, 130.61, 128.22 (d, J = 2.5 Hz), 128.09, 127.06,
| 126.50, 120.13, 118.86, 116.24 (d, J = 25.6 Hz), 35.22 (d, J=26.2 Hé), 35.10 (d, J=25.7 Hz),
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32.38,30.77, 29.63, 27.14 (dd, J = 15.6, 10.0 Hz), 26. 31 24 42, 22:30.*'P NMR (243 MHz,
Benzene- d6) 6 143.70.

Synthesis 1,3-tBu*Phinite

[000292] 2',4,4',6'- Tetramethyl- [1 1301 terphenyl] 3-ol. Toa5 mL oven dned microwave vial
equipped with a magnetic stir bar 26 4 mg (1.1 mmol) of magnesmm and 2 mol% of DiBal-H
was added and allow to stir for 5 min in the glove box. 0.414 g (1.5 mmol) of 3-bromo-2,4,6-
tximethyl-l,l‘-biphenyl was dissolve in dry tetrahydrofuran (0.3 mL). The vial was seal and
allowed to stir at 70°C for 2 h. The mixture will the turn into a viscous brown liquid. To another
5 mL oven dried microwave vial equipped with a magnetic stir bar 25.2 mg (1.05 mmol)-of
sodium hydride was mix with dry tetrahydrofuran (0.5 mL) in the glove box was allowed to stir
for 5 min next 0.187g (1mmol) of 5;brom0-2-methylphenol was added slowly into the mixture
until the bubbling stop and the mixture turn into a clear solution then 14mg (2 mol %) of |
PEPPSI-iPr was added. The Grignard was then diluted with dry tetrahydrofuran (0..5 mL) and

added to the second microwave vial fast in the glove box. The vial was then seal in argon and

" allowed to stir for 18 h at 70°C in a preheated oil bath outside of the glove box. The Reaction =

was diluted with Na;EDTA 0.5 M, extract with diethyl ether 3 time the organic layer was then
wash with water 2 times and brine 2 time. The organic layer was collected and dry with MgSOs.
The crude was purified by column (hexane: ethyl acetate 10:1) ratio to afford a white solid 21
mg, yield 70 %). 'H (600 MHz, CDCL) § 7.47 (t,J = 7.8 Hz, 2H), 7.38 (t, J= 7.2 Hz, 1H) ,
7.24-7.22 (m, 3H), 7.10 (s, 1H), 6.73 (dd, J = 6,1.2 Hz, 1H), 6.65 (s, 1H), 4.90 (s, 1H), 2.35 (s,
3H), 2.12 (s, 3H), 2.09 (s, 3H), 1.78 (é, 3H). °C (150 MHz, CDCls) 8: 153.75, 141.66, 140.72,
139.72, 139.34, 135.01, 134.90, 134.21, 131.13, 129.38, 129.36, 128.53',. 128.47, 126.54,
121.86, 115.87, 20.88, 20.83, 19.03, 15.61.
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Di¥tert-buty1((2;,4,4',6'-tetramcthy1-[ 1,1':3',1"-terphenyl]-3-yl)oxy)phosphane (1,3-tBu*Phinite).

OP(tBu),

. [000293] In an oven dried 5 mL microwave vial equipped with a magnetic stir bar 25.5 mg
(1.05 mmol) of sodium hydride was mix with dry tetrahydrofuran (0.5 mL) and was allowed to
stir of 5 min. 0.302 g (1 mmol) of 2',4;4',6'—tetr'amethy1-[1,1‘:3’,1'_'-terpheny1]-3-ol was dissolve
in dry tetrahydrofuran (0.5 mL)' and added slowly to thé vial until the bubbling stop and the
mixture will then turned into a clear solution. 0.216 g (1.2mmol) of di-tert- ,
butylcholrophosohine was added drop-wise to the vial the mixture then turn into a White

| suspension again in the glove box.- The vial was then seal in argon and allowed to stir at 70°C
for 16 h. Reaction was cool to room temperature, filter through celite and solvent was removed.
The crude was then purified by re-crystallization with dry methanol in the glove box to afford a
white solid (335 mg, yield 75 %). 'H (600MHz, C¢De)d: 7.62 (dd, “Juu 3.24 1.5 Hz, 1H), 7.16-
7.13 (m, 2H); 7.08-7.06 (m, 2H), 7.04 (d, *Jyuz 7.5 Hz, 1H), 6.97 (d, *Jupu 1.08 Hz, 1H), 6.96 (s,
1H), 6.71 (dd, *Juu 5.94 Hz, 1.34 Hz, 1H), 2.29 (s, 3H), 2.15 (s, 3H), 2.03 (s, 3H), 2.00 (s,
3H),1.05 (d, Juu 10.4 Hz, 9H), 1.02 (d, “Juu 11.4 Hz, 9H). °C (150 MHz, C¢Ds) 5 :157.86,
157.79, 142.10, 140.63, 1329.94, 139.89, 134.68, 134.37, 133.69, 131.07, 129.41, 129.27, _
128.87,128.42, 128.38, 128.31, 126.31, 125.06, 121.77, 117.41, 117.26, 67.44, 35.33, 35.16,
27.15,27.13, 27.05,27.03, 25.15, 20.75, 20.67, 19.02, 16.32. *'P {'H} (161 MHz, C¢Dy) &:
146.5.
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Pd*Phinite Precatalvst Series

* Synthesis [Pd(1,2-tBu*Phinite)Cl],

[Pd(1,2-tBu*Phinite)Cl],.

[000294] An oven-dried flask fitted with a magnetic stir-bar was charged with 910 mg (2.1
mmol) of 1,2-tBu*Phinite, 355 mg (2 mmol) of PACl; and 50 mL of toluene The flask was
sealed, stirred and heated in a 110 °C oil bath for 16 h. After cooling to room temperature the
yellow solution was ﬁltered through a pad of Celite and concentrated to dryness in vacuo to
 yielda yellow solid. The crude product was dissolved in 10 mL of CH,Cl,, filtered through
Celite and concentrated to near dryness prior to the addition of 5mL ef anhydrous MeOH to
induce precipitation. The pale yellow powder was collected by vacuum filtration and washed
with pentane to afford the pure product (1.38 g, 60 %)."H NMR (600 MHz, Benzene-ds) 5 8.45*
(ddd,/=17.1, 5.1, 1.6 Hz, 0.4H), 8.25 (ddd, /= 7.2, 5.1, 1.8 Hz, 1H), 7.29 (td, J= 7.5, 3.7 Hz,
1.4H), 7.25 — 7.18 (m, 3H), 7.15 — 7.10 (m, 2.4H), 7.05* (s, 0.4H), 7.01 (s, 1H), 6.95 — 6.84 (m,
- 2.8H), 2.23* (s, 1H), 2.16 (d, /= 2.9 Hz, 3H), 2.07* (s, 1H), 2.04* (s, 1H), 2.02 (s, 3H), 2.00 (d,
J>= 3.3 Hz, 3H), 1.25(d, J=59Hz, 9H), 1.23 - 1.21 (d, /= 5.9 Hz, 9H), 1.20* (d, /= 2.5 Hz,
3H), 1.18* (d, J=2.5 Hz, 3H). 3C NMR (151 MHz, Benzene-dg) 8 164.10, 142.88, 140.33,
137.72, 137.08, 135.32, 135.05, 134.40, 130..1.5, 129.80, 129.33, 129.27, 129.08, 128.82, ‘
128.68, 128.31, 127.13, 122.93, 40.75 (dd, J = 20>.3, 8.3 Hz), 28.17 (dd, J = 14.1,‘4.3 Hz), 21.40,
| 21.33, 19.66 (major isomer only). 'P NMR (243 MHz, Benzene-ds) 5 205.97, 204.95*.

[000295] * The compound exists as cis and trans isomers; resonances of the minor isomer exists

in approx. 1/3 the intensity of the major isomer.
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Synthesis [Pd(1,2-iPr*Phinite)Cl]; -

O
O O=P(PD;
) Fé-o

2

[000296] [Pd(1,2-iPr-*Phinite)Cl],. The procedure used was the same as [Pd(1,2-
tBu*Phinite)Cl], with the exception of the usage of 849.5 mg (2.1 mmol) of 1,2-iPr-*Phinite as
starting material (894 mg, 41 %). 'H NMR (600 MHz, Benzene-dg) 6 8.43* (t,J=6.4 Hz,
0.4H), 8.22 (t, J= 7.5 Hz, 1H), 7.22 (m, 3.3H), 7.10 (m, 4.2H), 7.03* (s, 0.4H), 6.99 (s, 1H),
6.95 - 6.85 (m, 3H), 2.24* (d, J=2.3 Hz, 1H), 2.18 (d, J = 3.2 Hz, 3H), 2.08* (d, J = 2.4 Hz,
1H), 2.03* (s, 1H), 2.02 (d, J = 3.0 Hz, 3H), 2.01 (s, 3H), 1.85 (m, 3H),‘ 1.28 -1.07 (in, 9H),
0.93 (m, 9H). >C NMR (151 MHz, Benzene-ds) & 162.5, 142.78, 140.35, 137.59, 136.89,
136.77, 135.51, 135.23, 134.55, 130.21, 129.80, 129.43, 129.27, 129.09, 129.03, 128.82, ,
127.11, 123.13, 29.90 (d, J = 28.5 Hz), 21.31 (d, J = 8.2 Hz), 19.63, 17.94 (d, /= 11.8 Hz), .
17.11, 16.94 (major isomer only).>'P NMR (243 MHz, Benzene-ds) 5 200.14, 198.72*.

[000297] * The compound exists as cis and trans isomers; resonances of the minor isomer exists

in approx. 1/3 the intensity of the major isomer. -

Synthesis [Pd(1,2-tBu*Phinite-TIP)Cl],

[000298] [Pd(1,2-tBu*Phinite-TIP)Cl],. The procedure used was the same as [Pd(1,2-
tBu*Phinite)Cl], with the exception of the usage of 1.08 g (2.1 mmol) of 1,2-tBu*Phinite-TIP’as
starting material (1.05 g, 40 %)."H NMR (600 MHz, Chloroform-d) § 7.78 (ddd, J = 7.4, 5.0, 2.3
Hz, 0.5H), 7.59 (ddd, J= 7.1, 5.0, 1.7 Hz, 0.5H), 7.37 — 7.24 (m, 4H), 7.11 (d, /= 2.3 Hz, 2H),
6.86 — 6.75 (m, 2H), 2.80 (sep, J= 7.0, 1H), 2.51 (sep, J=6.5 Hz, 1H),v2.44 (sep, J= 6.8 Hz,
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1H), 1.38 (m, 18H), 1.16 (t, J= 7.4 Hz, 3H), 1.06 (d, J= 6.8 Hz, 3H), 1.01 (d, /= 6.9 Hz, 3H),
1.00 - 0.96 (m, 3H), 0.85 (m, 3H), 0.56 — 0.48 (m, 3H). *C NMR (151 MHz, Chloroform-d) &
163.24 (d, J= 25.8 Hz), 146.95, 146.15, 142.62 (d, J = 6.1 Hz), 141.85, 137.47, 136.05, 135.49,
1135.13, 131.81, 131.15, 129.49, 127.36, 127.11, 126.54, 121.59, 121.34, 119.13, 40.68 (d, J =
19.8 Hz), 40.42 (d, J = 20.0 Hz), 32.27, 30.75, 29.68, 28. 11, 25.93, 24.56,24.42, 24.14,23 .41,
23.28.°'P NMR (243 MHz, Chloroform-d) & 206.26, 206.0.

Synthesis Pd(1,2-tBu*Phinite)(PCy3)Cl

-
O O~I5(tBu)2
_ O F’Td—PCy3

Cl

‘ [000299] Pd(1,2-tBu*Phinite)(PCy3)Cl. An oven-dried flask fitted with a magnetic stir-bar was
charged with 574 mg (0.5 mmol) of [Pd(1,2-tBu*Phinite)Cl],, 280.7 mg of PCy3 (1.0 mmol) and
15 mL of CH3CN. The pale yellow suspension was stirred at 25 °C for 16 h to afford an off-
white suspension to which was diluted with 15 mL of péntane. The solid was collected by
vacuum filtration'and washed with pentane to yield a pale yellow powder (692 mg, 81 %).'H
NMR (600 MHz, Benzene-dg) 6 7.62 (m, 1H), 7.32 (t, J= 7.6 Hz, 1H), 7.23 (dd, /= 15.5, 7.8
Hz, 2H), 7. 15-7.12 (m, 2H), 7.05 (s, 1H) 6.96 (m, 2H), 2.75 (q, J= 11.6 Hz, 3H), 2.24 (s, 3H),
2.14 (m, 6H) 205(s 6H),1.70 (m 12H), 1.60 (d, J= 130Hz 3H), 144(dd J=14.3,4.3 Hz,
18H), 1.25 (m, 6H), 1.15 (m, 3H). *C NMR (151 MHz, Benzene-ds) § 165.61 (d, J = 12.7 Hz),
143.06, 140.53 (d, J = 8.8 Hz), 140.39, 138.67, 137.78, 135.23, 134.81, 134.32, 130.10, 129.90,
129.27, 129.12, 128.81, 127.70, 127.09, 126.01 (d, J=14.6 Hz), 121.74 (d, /= 4.4 Hz), 41.40
(dd, J=-12.3, 5.3 Hz), 33.12 (d, /= 14.3 Hz), 31.19, 28.89 (dd, /= 17.0, 4.7 Hz), 28.48 (d,J =
10.4 Hz), 27.25, 21.44, 21.38, 19.70. *'P NMR (243 MHz, Benzene-d) 6 192.22 (d, J = 386.8
Hz), 23.42 (d, J = 386.5 Hz). |
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Synthesis Pd(1,2-iPr*Phinite)(PCy;)Cl

[000300] Pd(1,2-iPr-*Phinite)(PCy;)Cl. The précedure used was the same as Pd(1,2-
/tBu*Phinité)(PCyg)Cl with the exception of the usage of 546 mg (0.5 mmol) of [Pd(1,2-iPr-
*Phinite)Cl], as the starting material (703 mg, 85 %). "H NMR (600 MHz, Benzene-dg) 6 7.63 —
7.59 (m, 1H), 7.25 (t,J = 7.4 Hz, 1H), 7.22 - 7.18 (m, 2H), 7.14 - 7.09 (m, 2H), 7.04 - 6.95 (m,
3H), 2.69 (m, 3H), 2.39 (m, 1H), 2.30 (m, 1H), 2.22 (s, 3H), 2.16 — 2.10 (m, 6H), 2.05 (s, 3H),
2.04 (s, 3H), 1.75— 1.65 (m, 12H), 1.61 (d, J = 13.1 Hz, 3H), 1.44 (ddd, J = 29.5, 17.9, 7.2 Hz,
6H), 1.32 - 1.22 (m, 6H), 1.19 — 1.09 (m, 6H), 1.06 (dd, J = 14.7, 7.0 Hz, 3H). >C NMR (151
MHz, Benzene-ds) 6 165.01 (d, /= 14.1 Hz), 1>42.97, 140.62 (d, J = 9.2 Hz), 140.30, 138.56,
137.48, 135.40, 134.85, 134.47, 130.17, 129.91, 129.36, 129.22, 129.08, 128.81, 127.05, 126.03
(d,/=15.5Hz), 121.91 (d, /=3.8 Hz), 32.83 (d, J=13.7 Hz), 31.12, 29.91 (ddd, J=40.4,
23.6,4.2 Hz), 28.44 (d, J=10.1 Hz), 27.25, 21.37, 19.67, 18.79 (dd, J = 26.5, 4.4 Hz), 17.58,
17.09. *'P NMR (243 MHz, Benzene-ds) 6 189.86 (d, J = 391.6 Hz), 22.97 (d, J= 391.5 Hz).

Synthesis Pd(1,3-tBu*Phinite)(py)Cl.

O—P(tBu),

)
|

=}
C

[000301] Pd(1,3-tBu*Phinite)(py)Cl. In an oven dried 5 mL microwave vial equipped with a
magnetic stir bar, 0.446 g of (1 mmol) of 1,3-tBu*Phinite, 0.177 g (1 mmol) of palladium
dichloridé, 79 mg (1 mmol) of pyridine, 0.303 g (3 mmol) of triethylanime and dry toluene (1
mL) was added in into the vial in the glove box. The vial was seal under argon and allowed to
stir at 100°C for 18 h. The mixture will then turn black. The mixture was filter through celite in
the glove box and the solvent was removed. The crude purified by re-crystallization with dry

methanol/ hexane mixture to afford a yellow solid (300 mg, yield 45 %). 'H (600 MHz, CDCl5)
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5: 8.28 (d, 3JH,}; 3.9 Hz,2H), 7.58 (t, “Juu 6 Hz, 1H), 7.46.(s, 1H), 7.38 (d, *Jun 7.2 Hz, 1H),7.32
(t, *Jun 7.32 Hz, 1H), 7.09-7.04 (m, 4H), 6.8 (d, *Jun 6.66 Hz, 1H), 6.41 (d, Juy 7.44Hz,
2H), 2.33 (s, 3H), 2.10 (s, 3H), 1.83 (s, 6H), 1.59 (d, *Juu 15.24 Hz, 9H), 1.49(d, *Jiyy 14.72Hz,
9H). *C (150 MHz, CDCl3) 8: 150.03, 136.16, 128.41, 127.60, 125.42, 123.44, 22.08, 20.47,
17.90. *'P {'H} (161 MHz, C¢Ds) 5: 202.18.

Synthesis Pd(1,3-tBu*Phinite)(py)OAc.

[000302] Pd(1,3-tBu*Phinite)(py)OAc. In an oven dried Sml microwave vial equipped with a

magnetic stir bar O._446 g of ('1 mmol) of 17,3-tBu*Phinite, 0.224g (1 mmol) of padallium acteate, -

79 mg (1 mmol) of pyridine, 0.303 bg € mmbl) of triethylanime and 1ml of dry toluene was

_ added into. the vial in the glove box. The vial was then seal under argon and allowed to stir at

100°C for 18 h. The reaction mixture was then filter through celite in the glove box and the
solvent was removed. The crude purified by re-crystallization with dry methanol/ hexane
mixture to afford a yellow solid (290 mg, yield 45%). 'H (600 MHz, C¢Dy) 5: 8.45 (s, 2H), 7.48
(s,2H), 7.20 (d, *Juu 7.32 Hz, 2H), 7.08 (s, 1H), 6.82-6.80 (m, 2H), 6.58 (s, 2H), 6.45 (s, 2H),>
2.29 (s, 3H),2.24 (s, 3H), 2.20 (s,A 3H),1.95 (s, 3H), 1.92(5, 3H), 1.35(d, > 14.7 Hz, 9H), 1.27
(d, *Jun 14.7 Hz, 9H). *C (150 MHz, CDCLy) 8: 165.508, 165.04, 149.84, 146.52, 141.90,
138.15, 136.15, 134.79, 133.73, 129.32, 128.43, 128.35, 128.20, 128.18, 127.78, 126.20,
124.80, 123.60, 118.87, 118.77, 39.711, 39.71, 39.63, 39.57, 28.13, 28.02, 27.55, 27.10, 20.65,
20.09, 17.56.°'P {'H} (161 MHz, C¢Ds) 6: 200.5.
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Applied Examples of Catalysts

Mizoroki-Heck Reaction (Alkenylati‘on)‘

[000303] (E)-5-(2-(phenylsulfonyl)vinyl)-1-tosyl-1H-indole. To a stirred solution of phenyl
vinyl sulfone (80 mg, 0.48 mmol, 1.2 équiv) and 5-bromo-1-tosyl-lH-indoie (140 mg, 0.4
mmol, 1.0 equiv) in 0.80 mL MeCN was added TIP-Cy*Phine (13.3 mg, 0.024 mmol, 0.06
equiv), palladium diacetate (2.7mg, 0.012mmol, 0.03 equiv) and triethylamine (134 pL, 0.96
mmol, 2.4 equiv). The mixture was sealed in a tube and heated at 100 °C for 16 hours. The

* reaction mixture was cooled to room temperature and filtered. The filtrate was evaporéted to

. obtain the crude product which was puriﬁed using flash column chromatogra§h§ (héxanes/ethyl
acetate 2:1, R¢ = 0.25) giving a white solid (122.5 mg, 70 %). "H NMR (600 MHz, CDC13) §
7.98 (d, ] = 8.7 Hz, 1H), 7.96 — 7.89 (m, 2H), 7.77 — 7.70 (m, 3H), 7.65 (d, ] = 1.7 Hz, 1H), 7.64
—~7.58 (m, 2H), 7.56 - 7.51 (m, 2H), 7.43 (dd, J =8.7, 1.8 Hz, 1H), 7.23 (dd, J E 8.7,0.8 Hz,
2H), 6.83 (d, J =15.4 Hz, 1H), 6.66 (dd, J = 3.7, 0.8 Hz, 1H), 2.34 (s, 3H). 13C NMR (151
MHz, CDCI3) & 145.39, 142.70, 14085, 136.12, 134.94, 133.30, 131.18, 130.02, 129.72,
129.30, 128.06, 127.71, 127.67, 127.57, 126.79, 126.26, 124.34, 122.67, 114.08, 108.98, 21.58.
LC-MS (ES]) caled for C23H19NO4S2Na m/z [M + Na]+: 460.06; found: 460.18.

Suzuki-Miyaura Cross-Coupling (Arylation)

[000304] 3-methoxy-6-(thiophen-3-yl)pyridazine. In open air, a flask fitted with a magnetic stir
bar was charged with 3-thiophene boronic acid (192 mg, 1.5 mmol), 3-chloro-6-
methoxypyridazine (144 mg, 1 mmol), KOH (112 mg, 2 mmol), Pd(TIP-Cy*Phine),Cl, (11 mg,

0.01 mmol) and 1.0 ml of technical grade EtOH. The reaction vessel was sealed with a Teflon-



WO 2015/030682 . PCT/SG2014/000413
136

lined cap and mixture was heated to 70 °C with vigorous stirred for 16 h. Upon completion, as
judgcd by GC-MS and TLC, the reaction mixture was filtered through Celite and the filtrate was
concentrated under vacuum. The 'resulting crude residue was purified via column

chromato graphy on silica gel using Hexane/EtOAc (10:1) as the eluent to yield the pure product
(161 mg, 84 %). 'H NMR (600 MHz, Chloroform-d) 6 7.87 (dd, J= 3.0, 1.3 Hz, 1H), 7.76 (dd, J |
=5.0,1.3 Hz, 1H), 7.68 (d, /= 9.2 Hz, 1H), 7.42 (dd, /= 5.1, 3.0 Hz, 1H), 7.00 (d, /= 9.1 Hz,
1H), 4.16 (s, 3H). "*C NMR (151 MHz, Chloroform-d) § 164.00, 151.85, 138.70, 127.18,
126.88, 126.06, 123.49, 117.92, 54.97. |

Buchwald-Hartwig Amination

~

o

[000305] 4-Pheﬁy1morpholin. To a flask fitted with a magnetic stir bar was added 1.8 mg (0.01
mmol) of PdCl,, 11;1 mg (0.02 mmol) of TIP-Cy*Phine, 0.105 mL (1.2 mnﬁbl‘) of morpholine,
0.102 mL (1.0 mmol) of chlérobenzene, 134.5 mg (1.4 mmol) of NaOtBu and 0.75 mL of THF.
The flask was sealed under air and the mixture was stirred at 80 °C for 22 h. The mixture then
cooled to room temperature and diluted with dichloromethane. The resulting solution was
filtered through a pad of Celite and concentrated to dryness under reduced pressure. The crude
product was pufiﬁed by silica gel column chromatography using a hexanes/EtOAc (92:8)

' mixture as the eluent to afford the pure white product (161 mg, 99 %). '"H NMR (400 MHz,
CDCls): § 7.30-7.24 (m, 2H), 6.93-6.86 (m, 3H), 3.84 (t, J= 4.7 Hz, 4H), 3.13 (t, /= 4.7 Hz,
4H). *C NMR (100 MHz, CDCls): 6 151.8, 129.7, 120.5, 116.2, 67 .4, 49.8.

Copper-Free Sonogashira Cross-Coupling (Alkynylation)

[000306] 1-(tert-butyl)-4-(phenylethynyl)benzene. To a sealable reaction tube equipped with a
stirring bar was charged with PdCl,(CH3CN); (2.6 mg, 0.01 mmol), TIP-Cy*Phine (11.1 mg,
0.02 mmol), Cs,COs (652 mg, 2 mmol), 1-tert-butyl-4-chlorobenzene (169 mg, 1 mmol),
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phenylacetylene (123 mg, 1 mmol) and 2 mL of acetonitrile. The tube was then sealed with a
Teflon-lined septum and heated to 90 °C for 6 h with vigorous stirring. The resulting suspension
was cooled to room temperature, diluted ‘With EtOAc and filtered through a pad of Celite. The
filtrate was concentrated in vacuo affording the crude product which was purified by flash
chromatography on silica gel ﬁsing hexanes as the eluent to give a pure white solid (213 mg, 91
%). '"H NMR (600 MHz, CDCl3) 8 = 7.54 (d, J = 5.8 Hz, 2 H), 7.49 (d, J = 8.5 Hz, 2 H), 7.37
(dd, J=21.8, 7.6 Hz, 5 H), 1.35 (s, 9 H). °C NMR (151 MHz, CDCl3) 6 = 152.08, 132.13,
131.88, 128.86, 128.61, 125.90, 124.07, 120.79, 90.09, 89.28, 35.35, 31.75.

Kumada—Tamao—Corriu Cross-Coupling

.
OH

[00‘0307] 2',4',6'-trimethyl-[1,1'-bii>heny1]-2-ol. In a sealable reaction tube equipped with a
stirring bar, NaH (25.2 mg, 1..05 mmol) was suspended in 0.3 mL of THF. At room temperature,
173 mg (1 mmol) of 2-bromophenoi dissolved in 0.25 mL of THF was added to the suépension |
dropwise. After the efférvescence had ccased,. Pd,(dba); (9.2 mg, 0.01 mmol) and TIP-Cy*Phine
(22.1 mg, 0.04 mmol) was added to the mixture. In a separate flask, 2,4,6-trimethylphenyl
magnesium bromide Was prepared by stirring 298.6 mg (1.5 mméi) of 2,4,6-tn'methy1phenyl
bromide with 48.6 mg (2 mmol) of activated Mg turnings in 0.5 mL of THF at room

temperature for 16 h. Upon formation of the Grignard solution, the reagent was rapidly added
via syringe to the other reaction tube containing the catalyst mixture. The resultant yellow-
brown suspension was stirred at 70 °C for 16 h. After the reaction was complete, as determined
by GC-MS, the rgsultant grey suspension was cooled to room temperature and quenched with 2
mL of a 0.5 M aq Na3;EDTA solution. The crude product was extracted with 3 x 5 mL of EtOAc.
~ The organic portions were combined, washed with H,0 ‘and brine, dried with MgSOs, filtered
and concentrated in vacuo affording viscous yellow oil. The crude produét was purified by flash
chromatography on silica gel using petroleum ether/EtOAc (0 to 20 % EtOAc) as the column
eluent to yield an off-white solid (148 mg, 70 %). 'H NMR (600 MHz, Chloroform-d) 6 7.27
(ddd, J= 8.0, 7.1, 2.0 Hz, 1H), 7.02 - 6.95 (m, 5H), 4.65 (s, 1H), 2.33 (s, 3H), 2.01 (s, 6H). Bc
NMR (151 MHz, Chloroform-d) 6 152.62, 138.27, 137.99, 131.80, 130.22, 129.09, 128.93,
126,58, 120.89, 115.26, 21.30, 20.43. |
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Aryl Fluorination

F

[000308] 1-fluoronapthalene. To an oven-dried flask equipped with a magnetic stir bar wés
added 3.9 mg (0.0075 mmol) of [Pd(cinnamy)Cl]z, 8.4 mg-(0.015 mmol) of 250Me-TIP- »
tBu*Phine, 151.9 mg (1.0 mmol) of CsF, 138.1mg (0.5 mmol) of 1-naphthyi-triflate and 2.5 mL
of anhydrous toluene. The flask was crimp sealed with a Teflon-lined cap under argon, heated to
100 °C 1in an oil bath and vigorously stirred for 18 h. Upon reaction completion, the mixture was -
cooled to room temperature, diluted with EtOAc and filtered through a pad of Celite: Several |
portions of EtOAc were used to rinse the Celite and the filtrate was consolidated then
concentrated to dryness. The crude residue was purified by,,cqlu‘rﬁn~‘chromatoggaphy onsilica gel
using petroleum ether as the eluent to give the pure product as a colorless 1iquid (56 'mg, 76 %).
'H NMR (600 MHz, Chloroform-d) 6 8.18 — 8.11 (m, 1H), 7.91 — 7.85 (m, 1H), 7.65 (d, J = 8.3
Hz, 1H), 7.59 — 7.53 (m, 2H), 7.41 (td, J = 8.0, 5.4 Hz, 1H), 7.17 (ddd, J = 10.7, 7.6,1.0 Hz,
1H). ’C NMR (151 MHz, Chloroform-d) & 159.59,-134.87, 127.51, 127.48, 126.79, 126.15,

126.14, 125.60, 125.54, 123.63, 123.60, 120.53, 120.49, 109.45, 109.32. '°F NMR (280 MHz,
Chloroform-d) & — 124.6. o
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CLAIMS

1. A compound of structure I:

(Ar'-Ar*-Ar’-E-P(=D)Ry--)aM n Xy L~
wherein:

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

— Ar' and Ar® are in a 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, 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 YisabsentorisOorS,2if YisBorNand 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? 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 or 3, whereris 1 if Y
isabsentoris Oor S,2if Y is B or N and 3if Y is Si;

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

o 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”, 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;

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

heteroaryloxy;
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. 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;

o mis1or?2;

° nis 1 or2 and n’ 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.

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

3. The compound of claim 1 or 2 wherein n is 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 CI 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 mis 1, n’ is 1 and n” is 0 and M is Pd.
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11. 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 Arl, Ar? and Ar3, E and R are as defined in claim 1 and Ar' and Ar® are in a 1,3

relationship on Ar2,

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

12. 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:

¢ acompound of structure I in which M=Pd:
(@ (Ar'-Ar*-Ar’-E-P(=D)R;--),M, X, L,

wherein:

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

- Ar'and Af'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,
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 O or S, 2
if YisBorNand 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

- 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
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or 3, whereris 1if YisabsentorisOorS,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;
X is selected from the group consisting of H, F, Br, Cl, I, OTf, dba
(dibenzylidene acetone), OC(=0O)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;
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 —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;
nis 1 or2andn’ 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:

(ID) Ar*-Ar’-Ar’-

E-PR,

wherein:

Ar', Ar* and Ar’ are carbocyclic aromatic groups wherein:
— Ar'and Ar’ are ina 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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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 O or S, 2
if YisBorNand 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

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, whereris 1 if Yisabsentoris Oor S,2if YisBor Nand 3if Y

is Si;

E is absent or is selected from the group consisting of O, S, NR”, SiR”, and
CR™;
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 —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 [ in which M=Pd.

13.

A process for making a olefinic 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 an olefin in the presence of either:

a compound of structure I in which M=Pd:

(D) (Ar'-Ar’-Ar’-E-P(=D)R,--),M, X, L

Ar', Ar® and Ar’ are carbocyclic aromatic groups wherein:
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Ar' and Ar’ are in a 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,
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 O or S, 2
if YisBorNand 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? 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
or 3, whereris 1 if Yisabsentoris Oor S,2if Yis BorNand 3if 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(=0O)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, 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 —Z-
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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;

o mis1or?2;

. nis 1 or 2and n’ and n’’ are integers such that the coordination sphere of

M is filled; and

e 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 Arl

2 3 . . .
, Ar” and Ar” are carbocyclic aromatic groups wherein:

Ar' and Ar® 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,
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 O or S, 2
if YisBorNand 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 halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, whereris 1 if Yisabsentoris Oor S,2if Yis Bor Nand 3if Y

is Si;

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

CR”Z;

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

aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy; and
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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.

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 I in which M=Pd:

(D (Ar'-Ar’-Ar’-E-P(=D)Rj--)nM Xy Lp»

wherein:

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

Ar' and Ar’ are in a 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,
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 O or S, 2
if YisBorNand 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? 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
or 3, whereris 1if YisabsentorisOorS,2if YisBorNand3if Y

is Si;
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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(=0O)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;

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 —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;

nis 1 or2andn’ and n’’ are integers such that the coordination sphere of

M is filled; and

e 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:

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

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 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, 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 ris 1, 2
or 3, whereris 1if YisabsentorisOorS,2if YisBorNand3if Y
is Si;

e Eis 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 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 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 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:

(D) (Ar'-Ar?-Ar’-E-P(=D)R;--),M, Xy Ly
wherein:

° Ar', Ar® and Ar’ are carbocyclic aromatic groups wherein:
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Ar' and Ar’ are in a 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,
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 O or S, 2
if YisBorNand 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? 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
or 3, whereris 1 if Yisabsentoris Oor S,2if Yis BorNand 3if 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(=0O)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, 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 —Z-
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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;

o mis1or?2;

. nis 1 or 2and n’ and n’’ are integers such that the coordination sphere of

M is filled; and

e 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 Arl

2 3 . . .
, Ar” and Ar” are carbocyclic aromatic groups wherein:

Ar' and Ar® 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,
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 O or S, 2
if YisBorNand 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 halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, whereris 1 if Yisabsentoris Oor S,2if Yis Bor Nand 3if Y

is Si;

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

CR”Z;

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

aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,

heterocycloalkyloxy, aryloxy or heteroaryloxy; and
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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.

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, NR5, 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",, SnR",, PbR",, NR" or AsR",

where R” is alkyl, alkenyl, alkynyl, aryl or heteroaryl, in the presence of either:

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

(D) (Ar'-Ar’-Ar’-E-P(=D)R;--)u;M; Xy L

wherein:

Ar’, Ar” and Ar’ are carbocyclic aromatic groups wherein:

Ar' and Ar® 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,
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 O or S, 2
if YisBorNand 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
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independently halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, whereris 1 if YisabsentorisOor S,2if Yis BorNand 3if Y
is Si;

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

o M is a complexing metal;

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

° 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 —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;

. nis 1 or2andn’ and n’’ are integers such that the coordination sphere of
M is filled; and

e 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:

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

— Ar'and Ar’ are ina 1,3 relationship on Arz;
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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 and ris 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, 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, whereris 1if YisabsentorisOorS,2if YisBorNand3if Y
is Si;

e Eis 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 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 capable of reacting with the compound of structure II 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, aryl 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:

(D) (Ar'-Ar?-Ar’-E-P(=D)R;--)uM; Xpp- L
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wherein:

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

- Ar'and Af'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,
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 O or S, 2
if YisBorNand 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

- 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, whereris 1 if Yisabsentoris Oor S,2if Yis BorNand 3if 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(=0O)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;

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

® D is absent;
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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;

o mis1or?2;

° nis 1 or2andn’ and n’’ are integers such that the coordination sphere of

M is filled; and

e M is bonded to a ring atom of At 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’ are in a 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,
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 O or S, 2
if YisBorNand 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? 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
or 3, whereris 1if YisabsentorisOorS,2if YisBorNand3if Y

is Si;

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

CR™;
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e cach R is independently alkyl, cycloalkyl, heterocyclyl, heterocycloalkyl,
aryl, heteroaryl, alkyloxy, cycloalkyloxy, heterocyclyloxy,
heterocycloalkyloxy, 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-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.

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:

(D) (Ar'-Ar’-Ar*-E-P(=D)R;--)uMn Xy Ly
wherein:

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

Ar' and Ar® 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,
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 O or S, 2
if YisBorNand 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?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 1if YisabsentorisOorS,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(=0O)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;

° 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 —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;

. nis 1 or2andn’ and n’’ are integers such that the coordination sphere of
M is filled; and

e 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:

e Ar', Ar* and Ar’ are carbocyclic aromatic groups wherein:
— Ar'and Ar’ are ina 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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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 O or S, 2
if YisBorNand 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

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, whereris 1 if Yisabsentoris Oor S,2if Yis BorNand 3if Y
is Si;

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

CR™y;

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 capable of reacting with the compound of structure II 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 [ in which M=Pd:

(D (Ar'-Ar’-Ar’-E-P(=D)R--)nM X Lp»

wherein:



159

Ar', Ar* and Ar’ are carbocyclic aromatic groups wherein:
Ar' and Ar® 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,
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 O or S, 2
if YisBorNand 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 halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, whereris 1 if Yisabsentoris Oor S,2if Yis BorNand 3if 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(=0O)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;
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 —Z-



160

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;

o mis1or?2;

. nis 1 or 2and n’ and n’’ are integers such that the coordination sphere of

M is filled; and

e 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 Arl

2 3 . . .
, Ar” and Ar” are carbocyclic aromatic groups wherein:

Ar' and Ar® 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,
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 O or S, 2
if YisBorNand 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 halogen, alkyl, cycloalkyl, aryl or heteroaryl and ris 1, 2
or 3, whereris 1 if Yisabsentoris Oor S,2if Yis Bor Nand 3if Y

is Si;

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

CR”Z;

e cach R is 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 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.

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.
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