R and R" together with the carbon atom to which they are attached form a

spirocyclic ring; or

one or more of R and R'® form a ring together with a ring atom or ring substituent of

ring B, wherein

if any of substituents R'* and R" do not form a ring, said substituents are each
independently selected from the group consisting of hydrogen; alkyl; alkenyl; haloalkyl;
alkynyl; oxoalkyl; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy,
¢yano, halo, haloalkyl or haloalkoxy; heterocyclyl optionally substituted with alkyl, alkenyl,
atkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; Cs.s heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl;
N,N,N-trialkylammoniumalkyl; thioalkyl; L®~C(O)}-OR™, L”~P(O)~(OR™),, or L"-$(0)—
OR™ wherein L" is a bond or alkylene, and R' is selected from the group consisting of
hydrogen, alkyl and hydroxyalkyl; L'*~0-C(O)-R'® wherein L" is alkylene, and R'® is alky!
or hydroxyalkyl; L'-C(O)-NR'®R", wherein L' is a bond or alkylene and R'* and R' are
each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl;
and L*-NR*' —~C(0)-R?, wherein L is alkylene, R*" is hydrogen or alkyl, and R* is alkyl
or hydroxyalkyl.

[0072 In one aspect. there is provided a compound having a structure

corresponding to formula (1),

R—Ar-x
R2~—Ar?
@

or a salt thereof,

Az and Ar” are each independently arvl or heteroaryl, and wherein Ar' and

A are each independently ontionally substituted with one or more R' and R*,

respectively;

R' and R? are independently selected at each occurrence from the group

consisting of hvdrogen: amino; hydroxvl: cvano: halo: alkvl: alkenvl: alkvnyl




haloalkyl: haloalkoxy: oxoalkvl: alkoxy; arvioxv: hetercarvioxy; arylamino:

heteroarylamine: alkviamino; dialkviamino: cycloalkyl optionally substituted with

alkvl, alkenvl, alkvavl. alkoxv, cvano. halo. haloalkyl or haloalkoxy: evcloalkyloxy

optionally substituted with alkvl, alkenvl. alkvnyl. alkoxy. cvano. halo, haloalkvl or

haloalkoxy: 5- or 6-membered heteroarvyl optionally substituted with alkvl, alkenvl.

alkvavl, alkoxy. cvano. halo, haloalkvi or haloalkoxy; phenyl optionally substituted

with alkvl, alkenvl, alkvnvl, alkoxy. cyano. halo, haloalkvl or haloalkoxv,

hydroxvalkvl: hvdroxvalkoxy: alkoxvalkyl; aminoalkvl; N-alkviaminocalkyl;
N.N-dialkvlaminoalkyl; NNV, N-trialkylammoniumalkyl: L'-C(O}»OR", L'-

from the group consisting of hvdrogen. alkyl and hvdroxvalkyl; L>~O-C(O»-R*,
wherein L” is a bond or alkviene, and R” is alicvl or hydroxvalkvi: L -C(O-NR’RY,

wherein L’ is a bond or allcvlene, and R and RY are each independently selected

from the group consisting of hvdrogen. alkvl, and hydroxvalkyi: LYNR*-C(O-R®,

wherein L' is a bond or alkviene, R’ is hvdrogen or alkvl, and R® is alkvi or

hydroxvalkyl: sulfamovl; N-(alkvhsulfamovl: NN-(dialkvDsulfamovl: sulfonamide:

sulfate: allevlthio: thicalkyl: and a ring containing an alkviene or —O—(CH»}w—0—

formed by the joining together of any two R’ or any two R® or an R’ and an R*,

whereinmis 1. 2. 3 or 4;

X _is a 6-membered cvclic phosphine of formula (Ja);

REO Ril
>~/
— A
4
Ri?. R13
(i)

wherein ring 4 includes three carbon ring atoms in addition to the

phosphorus and 2 carbon ring atoms of formula (la);

wherein the ring atoms of ring 4 are each independently optionally substituted

with one or more substituents selected from the group consisting of alkenvl: alkoxv:

Ly
o

I



alkoxvalkyl: alkvl: alkviamino: alkvithio: alkynyl: aminoalkyl: N-alkviaminoalkvl:

N N-dialkvlaminoalkvl: NNV N-trialkviammoniumalkyl: arvialkyl optionally

substituted with alkvl, alkenvl, alkvnvl, alkoxy. eyano. halo, haloalkvl or haloalkoxy:

cvcloalkyl optionally substituted with allevl, alkenvl, alleynvl, alkoxy. cvano, halo.

haloalkyl or haloalkoxv: dialkviamino; halo: haloalkvl; fluoroalkvl: heteroaryl

optionally substituted with alkvl. alkenvl, alkvnvl, alkoxy, cvano, halo. haloalkvl or

haloalkoxv: heterocvyeloalkyl optionally substituted with alkvl, alkenvl. alkvnvi,

alkoxy, evano, halo. haloalkyl or haloalkoxy: hvdroxy: hvdroxvalkyl: oxo: an

exocvelic double bond optionally substituted with allcyl, alkenvl, allkynyl. arvl.

cvcloalkvl, heterocyelvl, or heteroarvl: a 3- to 7-membered spiro ring containing zero,

one, or two heteroatoms: vhenvl optionally substituted with alkvl, atkenvl. alkvnvl,

alkoxy., cyano, halo, haloalkyl or haloalkoxy: Licor-0orR!, L1PO)«( ORY‘}?_, or L'-

S(OY-OR", wherein L' is a bond or alkylene. and R is selected from the group

consisting of hydrogen, allcyl or hvdroxyalkyl: L~0~C( O}mR?“ wherein L is a bond

or alkvlene, and R* is alkyl or hydroxvalkyl; L*~C( O)-NR* R*. wherein L’ is a bond

or alkylene, and R> and R* are each independently selected from the group consisting

of hvdrogen. alkvl, and hvdroxvallevl: LANRY-C(O)-R® . wherein L is a bond or

alkviene, R® is hvdro gen or alkvl, and R® is alkvl or hydroxvalkyl: and L'-N RS-

$(O)-R’, wherein L’ is a bond or alkviene. R* is hvdrogen or alkyl, and R” is alkyl

or hydroxvalkvl;

I 2
asto R R R and R,

. i . 2 17 .
i R or R topether with R or R” form aring: or

.. }( k3 ol °f k. -
i1, R'" and R'! toeether with the carbon atom to which they are attached

form a spirocyelic ring and/or R and R™ together with the carbon atom to which

thev are attached form a spirocvelic ring: or

D ol pl2 3 . . .
il one or more of R'*. R"' R"™ and R" form a ring together with a ring

substituent of ring A: or

]u;
o



. 10 il pl2 13 . 510 ol 2 3
v, R R'" R"™ and R do not form a ring.wherein R'*. RV, R". and R/

are each independently selected from the eroup consisting of alkvl: alkenvl: haloalkvl:

alkvnvl: oxoalkvl: cvcloalkyl optionally substitated with alkvl, alkenvl. alkynyl

alkoxv. cvano, halo, haloalkvl or haloalkoxy: heterocyelvl optionally substituted with

allkyl, alkenvl, alkvnvl, alkoxy. cvano, halo, haloalkvl or haloalkoxv: heteroaryl

optionally substituted with allkvl, alkenvl. alkvnvl. alkoxv, cvano, hale. haloalkyl or

haloalkoxv; phenvl optionally substituted with alkvl. alkenvl, alkyvnvl, alkoxy, cvano,

halo, haloallkvl or haloalkoxy: hvdroxvalkvl; alkoxvalkvyl: aminoalkvl:
N-allkyvlaminoalkyl: N N-dialkvlaminoalkyl: NN N-trialkvlammoniumalkyl: thicalkvl,
LP-C(0)-OR™, LP-P(O)- (OR'* ), or L"-8(0),~OR' . wherein L" is a bond or

allviene, and R is selected from the oroup consisting of hvdroeen, alkvl and
hydroxyalkvl: LP-0-C(0)-R'® . wherein L is alkvlene and R'® is alicvl or
hydroxvalkeyl: L'7-C(O)-NR'* R" | wherein L' is a bond or alkvlene. and R'® and

R are each independently selected from the sroup consisting of hvdrogen, alkvl. and

hvdroxvalkyl : and L NRY >—C{ O)—RH. wherein L% is alkvlene, R* s hvdrogen or

alkyl. and R* ig alkvl or hvdroxvalkvl.

6071 In one aspect. there is provided a comnound having a structure

corresponding to formula (I-1),

or a salt thereof,

wherein

3 i : . 1353
v V2 VP and V* are each CR'. wherein R/ is. at each occurrence. hydrogen:

L

12



v and V are CR%. wherein R is independently, at each occurrence, hyvdrogen

or alkyl;

Y o ? . g 3 .
V° and V® are CR®. wherein R, at each occurrence. is hvdrosen:

V' is CR?. wherein R? is hvdrogen or alkyl: and

X 1s a phosphine of formula 1-37.

i607c]  In one aspect. there is provided a compound having a structure

corresponding to formula (1),

R'™—Ar-X
R?—Ar?
@

wherein

Ar’ and Ar are each independently arvl or heteroaryl, and wherein Ar' and

. . . . it
Ar? are each independently optionally substituted with onc or more R! and R?,

respectively;

, , N
R and R® are independently selected at each occurrence from the group

consisting of hvdrogen: aming; hvdroxvl: cvano; halo: alkvl: alkenvl: alkynvi:

haloalleyl: haloalkoxy:, oxoalkyl: alkoxv: arvioxv: heteroarvioxv:; arvlamino:

heteroarviamino:; alkviamino: dialkvlamino: cvcloalkvi optionally substituted with

allevl, alkenvl, alkynvl, alkoxv, cvano, halo. haloalkyl or haloalkoxy: evclealkvioxy

optionally substituted with alkyl alkenvl. alkvnvl, alkoxy. cvano, halo, haloalkvl or

haloalkoxvy 5- or 6-membered heteroarvl optionally substituted with alkvi. alkenvl,

allevnvl, alkoxy, evano, halo, haloalky! or haloalkoxy: phenv! optionally substituted

with allevl, alkenvl. alkvnvl. alkoxv, cvano, halo, haloalkvl or haloalkoxvy:

hvdroxvallkvl: hvdroxvaikoxy: alkoxvallkyl: aminoallkyl: N-alkviaminoalkvl;

5d



N.N-dialkylaminoalkyl; N.N.N-trialkylammoniumalkyl: L'-C(O)-OR", L'~
P(0)-(OR" )y, or L)-8( O);Z-ORI’. wherein L' is a bond or alkylene, and R' is selected

from the groun consisting of hyvdrogen. alkvl and hvdroxvalkyl; L>O-C(O)-R>,

wherein L7 is a bond or alkviene, and R? is alkyl or hyvdroxvalkvl: L’ ~C(O)-NR* R*.

wherein L’ is a bond or alkvlene. and R and RY are each independently selected

from the eroup consisting of hvdrogen, alkvl, and hydroxvalkvl; LXNR® —( 0)-RY,

wherein L” is a2 bond or alkviene. R’ is hydrogen or alkvl, and R® is alkvi or

bydroxvalkyl: sulfamovl; N-(alkvDsulfamoyl;, N.V-(dialkyDsulfamoyl; sulfonamide;
Ikvlene or ~O—(CHy},mO—

sulfate: alkvlthio; thioalkyl: and a ring containing an a

formed by the joining together of anv two R! or anvtwo R* or an R' and an R* |

whereinmis 1, 2. 3 or4;

X is a phosphine of formula (Ie), or a salt thereof,

R1o Qi

wherein

0! is selected from the eroup consisting of a bond: ~O—, ~§— . -N(R* )~ |
=C(R*)- . and ~C(R®)R™) .

Q" is selected from the group consisting of a bond, ~O— . —S§— . ~N(R")- ,
=C(R>*, and ~C(R*NR*):

07 is selected from the eroup consisting of 2 bond. —O—, 8~ ~N( R .

:;(w ( R:’O\}“" . and *€{R32) (R:’fﬂ)m ,

04 is selected from the group consisting of a bond, ~O— . —5—. —1\§(R33}~ R

=C(R*"~ . and ~C(R*WR*)-:

0" is selected from the group consisting of a bond, ~O— . -8~ , WN{RB .

=C(R**\  and ~C( RINVR¥)- : and at least one of 0L 0% 0% 0 and O’ isnot a

bond: or

L
@



two of 0!, O°. O, 04, or O° together form a carbonyl: an exocyclic double

hond ontionally substituted with alkvl, alkenvl, arvl. cvcloalkyl. heterocyelvl, or

hetercarvl: or a 3-8-membered spiro ring containing zero. one, or two hetero ring

atoms. optionally substituted with alkvl, alkenvl, alleynyl, alkoxv, cvano, halo,

haloalkvl or haloalkoxy;

asto R\ R'LR™Z and R,

i, ’'Y or RY together with RZ2or R form a Ting: or

it R' and R together with the carbon atom to which they are attached

form a spirocyclic ring and/or R'? and R toeether with the carbon atom to which

thev are attached form a spirocvelic ring: or

) nll 2 13 . . .
ui, one or more of R'. R'. R™ and R" form a ring together with a ring

substituent of rine 4: or

. ) 1 . . 2 il
V. RV r Rlzﬂ and R" do not form a ring, wherein RY R I, R and RY

are each independently selected from the group consisting of alkyl: alkenvl: haloalkyi;

allevnyl: oxoalkvl: cvcloalleyl optionally substituted with allevl, alkenvi. alkynvl,

alkoxv. cvano, halo. haloalkyl or haloalkoxv: heterocvelvl optionally substituted with

allevl. alkenvl, alkvnvl, alkoxy. cvano. halo. haloalkvl or haloalkoxy; heteroaryl

optionally substituted with alkvl, alkenvl, alkyavl, alkoxy, cvano, halo. haloalkyvl or

haloalkoxv: vhenvl optionally substituted with alkvl, alkenvl alkynvl alkoxy. cvano,

halo, haloalkvl or haloalkoxv: hvdroxvalkvl: alkexvalkvl: aminoalkyl:

N-allcvlaminoallevl; N N-dialkvlaminoalkvl, N N-trialkviammoniumalkyl: thioalkvl
L C(0)-0R™, LP-P(O (OR™,, or LP-8(0),-OR"™, wherein L' is a bond or

alkvlene. and R'* is selected from the sroup consisting of hvdrogen, alkvl and
hvdroxvalleyl: LE"3~~~»€}~«C€O)~R16’n wherein L'? is alkvlene and R'® s alkvl or

hydroxvalkvl: LE"’L(IT(O}*NR‘S.RW, wherein L' is a bond or alkvlene, and R'® and

(934 N " . N ~
R are each independently selected from the group consisting of hvdrogen, alkvl, and

hvdroxvalkvl ; and LNR? iF'C( 0}-R* , wherein LY is alkvlene. R*! is hydrogen or

alkyl. and R% is alkyl or hvdroxvalkyl: and

R> _R* are. at each occurrence. ind ependently selected from the sroup

consisting of hvdrogen, halo, fluoro. alkvl. haloalkyl, fluoroalkvi, alkenvl, alkynvi,

alkevioxv. N-alkvliamino. N.N-dialkvlamino. NN N-tralkviammoniemalkvl:

Ay
bty



substituted or unsubstituted cycloalikyl, substituted or unsubstituted heterocveloalkyl

substituted or unsubstituted heteroaryl, substituted or unsubstituted phenvl;

hyvdroxvalkyl; alkoxvalkyl: aminoalkvl; N-alkvlaminoalkyl; N.N-dialkylaminoalkvl;
N.N.N-trialkvlammoniumalkyl: L'-C(O}-OR", L'-P(O)-(OR"),, or 1.'-8(0),-OR"

where R' is hydrogen. alkvl or hydroxvalkvl and L' is a bond or alkvlene: 120
C(O-R* where R? is alkvl or hydroxvalkvl and 1.2 is a bond or alkylene; L*~C(O)-

NRPRY where RY and RY are mndependently selected from H. alkvl, and hvdroxyalkyl

and wherein L’ is 2 bond or alkvlene: L4MNR5’~-C( O)MR(’" wherein R” is selected from

H and alkvl, R® is selected from alkyl and hydroxvalkyl. and L* is a bond or alkylene:

and alkvlthio; or additionally one or more of R* R* form a ring with another of ij

R‘H. Rf2 RB, and R2]~R40.

10674}  In_one aspect, there is provided a compound having a structure

corresponding to formula (I-1)

-1
or & salt thereof,
wherein

2 w73 - . .
VvV and V* are each CR'. wherein R is, at each occurrence, hydropen;

Vo and V are CR’, wherein R’ is independently. at each occurrence, hydrogen
or alleyl:

8 2 52 ,
V® and V® are CR?. wherein R®, at each occurrence, is hydrogen:

Y is CR?, wherein R? is hydrogen or alkyl; and

o



X is a phosphine having a structure corresponding to a formula selected from
the group consisting of formulae 2-3, 2-4, 2-18, and 2-19

0]
O
g ?Q B

2-3 2-4 2-18 2-19.

1007el  In one aspect, there is provided a compound having a structure

corresponding to formula (1),

R%/T\rtx
R2—Ar?
[4))]

or a salt thereof,

wherein

Ar' and Ar* are each independently arvl or heteroaryl, and wherein Ar! and

Ar” are each independently ovtionally substituted with one or more R' and R

respectively;

2 .
R! and R? are independently selected at each occurrence from the group

consisting of hvdrogen: amino; hvdroxvl: evano: halo: alkvl: alkenvl: alkvnyl:

haloalkvl: haloalkoxy: oxoalkyl: alkoxv: arvioxy: heteroarvlioxy: arvlamino:

heteroarviaminoe: alkviamino: dialkviamine: cvcloalkvl optionally substituted with

allovl, alkenvyl, alkynyl, alkoxy. cvano. halo. haloalkyl or haloalkoxy: cveloalkvloxy

optionallv substituted with alkvl. alkenvl, alkvnvl. alkoxv, cvano, halo, haloalkvl or

haioalkoxy: 5- or 6-membered hetercarvl optionally substituted with alkvl. alkenvl

alkvnvl, alkoxy. cvano. halo, haloalkyl or haloalkoxy: vhenvi optionally substituted

with alkvl. alkenvl. alkvnvl. alkoxv. cvano, halo. haloalkvl or haloalkoxv:

. aminoalkvl: N-alkviaminoalkvl:

ot

hydroxvalkyl: hvdroxvalkoxv: alkoxyalk
N.N-dialkylaminoalkyl: N.V.N-trialkvlammoniumalkyvl: L'-C(O»-OR', L=
P( O}-(OR]’}} or LE'S(Q)E"'OR_Y‘ wherein L' is a bond or alkvlene, and R' is selected

from the eroup consisting of hvdrogen. alkvl and hvdroxvalkyl; 12 O-C(O-R>




wherein 17 is a bond or alkvlene, and R is alkvl or hydroxvalicyl: L ~C(O)}-NR*R*,

wherein 1. is a bond or alkylene. and R and RY are each independently selected

from the group consisting of hydrogen. alkyl, and hydroxvalkvl; LNR® -C(O)}-R®

wherein L” is a bond or alkviene, R” is hydrogen or alkyl. and R® is alkvl or

bvdroxvalkyl: sulfamovl; N-(alkvlsulfamovl, N N-(dialkyh)sulfamovl: sulfonamide;

sulfate; alkyithio; thicalkyl; and a ring containing an alkvlene or —~O—(CHy),~O~

formed by the joining together of any two R'oranvitwo R2oran R and an R*.

whereinmis 1.2, 3 or 4

X is a phosphine of formula {(Ja):

(I2)

wheren ring 4 includes 0 to 9 ring atoms in addition to the phosphorus and 2

carbon ring atoms of formula (Ia), wherein said rine atoms are each independently

selected from the group consisting of carbon, oxvgen, nitrogen, nhosphorus and

sulfur: and

wherein the ring atoms of ring 4 are each independentlv ontionally substituted

with one or more substituents selected from the group consisting of alkenvl: alkoxy:

alkoxvalkyl: alkvl: alkviamino: alkylthio: alkvnvl: aminoalkvl; N-alkvlaminoalkvl;

N N-dialkviaminoalkvl: NN N-trialkviammoniumalkyl; arvialky! optionally

substituted with allkeyl. alkenvl. alkynvi, alkoxy. cvano. halo, haloalkyl or haloallcoxv;

cveloalkvl optionally substituted with alkvl, alkenvl, alkvnvl. alkoxv. cvano. halo.

haloalkvl or haloalkoxv: dialkvlamino; halo; haloalkvl: fluoroalkyl; heteroaryl

optionally substituted with alkvl, alkenyl, alkvnvl, alkoxy. cvano, halo, haloalkyl or

haloalkoxv: heterocyeloallkyl optionally substituted with alkvl, alkenvl, alloynvi

alkoxv. cyano, halo. haloalkyl or haloalkoxy; hvdroxy: hydroxvalkvl; oxo; an

exocvelic double bond optionally substituted with alkeyl, alkenvl, alkvavl, arvl,




cycloalkvl, heteroevelvl. or heteroarvl; a 3- to 7-membered spiro ring containing zero.

one, or two heteroatoms: phenyl optionally substituted with alkyl, alkenvl, alkynvyl
alkoxy. cvano, halo. haloalkyl or haloalkoxy: L'-C(O}-OR" . L'-P(O)-(OR" ), or L'-

S( O)ngRl . wherein L' is a bond or alkvlene, and R is selected from the sTOUD

consisting of hvdroeen, alkyl or hvdroxvalkvl, > 0-C(O}-R’ . wherein L% is a bond

or alkylene. and R? is alkyl or hydroxvalkyl; L’~C( O)-NR*R*, wherein L’ is a bond

or alkylene. and R and R* are each independently selected from the group consisting
of hvdrogen. alkyl, and hydroxvalkvl: L*-NR® —~C(O)}-R® . wherein L* is a bond or

alkviene, R® is hydrogen or alkyl, and R® is alkyl or hydroxvalkyl: and L'-NR* —

S{ O)TRQW wherein L7 is 2 bond or alkylene. R® is hvdrogen or alkyl, and R is alkyl

or hydroxvalkyl: and

ST ) 13
asto R\ R R™ and R,

. 10 . )
i R" or R! together with R or R" form a ring; or

i R and RM together with the carbon atom to which they are attached

. . . sl . .
form a spirocvelic rine and/or R'” and R to oether with the carbon atom to which

thev are attached form a spirocyclic ring:

R . ] < ; .
wherein, anv of substituents R R" R" and R'® that do not form the ring set

forth in (3} or (ii) are each independently selected from the group consisting of

hvdrogen: allevl; alkenvl: haloalkvi: alkvnvl: oxoalkyl: cvcloalkyl optionally

substituted with alkvl, alkenvi, alkvnvl, alkoxv. cvano. halo,haloalkyl or

haloalkoxy: heterocyelyl ontionally substituted with alkyl, alkenvl, alkyvnvi,

alkoxy. cvano. halo. haloalkvl or haloalkoxv: heteroarvl optionally substituted

with alkvl, alkenvl. alkynvl alkoxv. cvano, halo, haloalkyl or haloalkoxy:

phenvl ontionallv substituted with alkvl. alkenvl, alkvavl. alkoxv, evano, halo,

haloalky! or haloalkoxy: hvdroxvalkvl: alkoxvalkvl: aminoaliyi;

N-alkviaminoallevl: N N-dialkvlaminoalkvl; NN N-trialkviammoniuvmalkvi;
thioalkyl; L -C(O-ORM, LP-P(O}- (OR™),, or LP-8(0),-OR™, wherein

1. 45 . . M ~
L" is a bond or alkviene, and R'? is selected from the group consisting of

hvdrogen, alkyl and hvdroxvalkyi; L0-C(0)-R'", wherein L' is alkylene

and R' is alkyl or hvdroxvalioyl: L7-C(O-NR'* R'. wherein L' is a bond

i 9 . ~
or alkvlene. and R'* and R are each independently selected from the group

consisting of hydrogen. allevl. and hvdroxvalkyl : and L*°-NR*' ~C(O}-R*Z,

LA
o
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wherein L* is alkvlene, R*" is hvdrogen or alkvl, and R* is alkvl or

hydroxvallkyl.

[007f] _ In one aspect, there is provided a catalyst composition comprising a

transition metal catalvst precursor and a compound as defined above,

[007¢1  In one aspect, there is provided a catalyst composition comprising a

nalladium catalvst precursor and a compound as defined above.

160781 In one aspect, there is provided a catalvst composition comprising a

palladium  catalyst precursor and  7.7.9.9-tetramethvi-8-(2'.4'.6'-tritsopropyl-3.6-

dimethoxvbinhenvi-2-v1}-1.4-dioxa-8-phosphaspiro[4.5]decane.

00781 In one aspect, there is provided a heterogeneous catalyst composition

comprising a compound as defined above covalently bonded to a solid catalyst

support.

06711 In one aspect, there is provided a method for synthesizing a

secondary organic sulfonamide, comprising reacting an arvi nonaflate with a primary

sulfonamide in the nresence of a palladium catalyst precursor and at least one

compound selected from the compounds as defined above,

[007k]  In one aspect. there is provided a method of performing a bond-

forming teaction comurising catalvzing said reaction with a compound as defined

above. wherein the bond-forming reaction Is selected from the eroup consisting of

carbon-nitrogen, carbon-oxvyeen, carbon-carbon. carbon-sulfur. carbon-phosphorus,

carbon-boron. carbon-fluorine and carbon-hydrogen.

16071 In one aspect, there is provided a method of forming a bond in a

chemical reaction comprising catalvzine said reaction with a compound as defined

above, wherein the bond is selected from the groun consisting of a carbon-nitrogen

bond. a carbon-oxvgen bond. a carbon-carbon bond. a carbon-sulfur bond. a carbon-

phosphorus bond., a carbon-boron bond, a carbon-fluorine bond and a carbon-

hvdrogen bond.,




1067m] In one aspect, there is provided a method of preparing phosphacveles

as defined above comprising:

metalation of a biaryl halide to form a biarvl lithium species;

reacting a chlorophosphate with said biarvl lithium species to form a biaryl

pvhosphonate:

reduction of second product to form primary phosphine: and

reacting primary phosphine with a divinviketone.

[608] The disclosure is directed to catalyst compositions comprising a ligand of

formula (I) and one or more transition metal compounds.

[609] The disclosure is directed to catalyst compositions comprising a ligand of

formula (I) covalently bonded to a solid catalyst support.

[010] The disclosure is directed to methods of performing a bond-forming reaction
comprising catalyzing said reaction with a ligand of formula (1), wherein the bond-forming
reaction is selected from the group consisting of carbon-nitrogen, carbon-oxygen, carbon-
carbon, carbon-sulfur, carbon-phosphorus, carbon-boron, carbon-fluorine and carbon-

hydrogen.

[011] The disclosure is directed to methods of forming a bond in a chemical
reaction comprising catalyzing said reaction with a ligand of formula (I), wherein the bond is
selected from the group consisting of a carbon-nitrogen bond, a carbon-oxygen bond, a
carbon-carbon bond, a carbon-sulfur bond, a carbon-phosphorus bond, a carbon-boron bond, a

carbon-fluorine bond and a carbon-hydrogen bond.

I



