
R14 and R15 together with the carbon atom to which they are attached form a 

spirocyclic ring; or 

one or more of R14 and R!5 form a ring together with a ring atom or ring substituent of 

ring B, wherein 

if any of substituents R14 and R15 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, 

cyano, halo, haloalkyl or haloalkoxy; heterocyclyl optionally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; C5_6 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; jV-alkylaminoalkyl; A^V-dialkylaminoalkyl; 

A',Ar.A7~trialkylammoniumalkyl; thioalkyl; L!3-C(0)-0R14 , L13-P(0)~(0R14 )2) or L!3-S(0)2-

OR14 wherein L13 is a bond or alkylene, and R14 is selected from the group consisting of 

hydrogen, alkyl and hydroxyalkyl; L15-0-C(0)-Ri6 wherein L15 is alkylene, and R16 is alkyl 

or hydroxyalkyl; L17-C(0)—NR18 R19, wherein L17 is a bond or alkylene and R18 and R19 are 

each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; 

and L20-NR2I'~-C(O)-R22, wherein L20 is alkylene, R21 is hydrogen or alkyl, and R22 is alkyl 

or hydroxyalkyl. 

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

corresponding to formula (I), 

R1—Ar1-X 

R2—Ar2 

01 

a salt thereof, 

wherein 

i 1 ArJ and Ar are each independently aryl or heteroarvl and wherein Ar and 

Ar2 are each independently optionally substituted with one or more R5 and R2. 

R1 and R2 are independently selected at each occurrence from the group 

cyano; halo: alkyl: al 

5 



oxoalkvl: alk 

alk vl. alio snvl alkvr ivL alk oxy. cyan o. halo. haloalk\ 4 or haloalkc >xv; cvcloa^ Ikyloxv 

opt ionalh / substitute ;d with alkyl, alk :envL alkynyl. al koxy, cyano . halo, halo. alkyl or 

hal oalkox .v: 5- or 6-mernbt ;red heter< oarvl optionally substituted v vith alkvl a Jkenyl. 

alk vnvl. a Ikoxv. cva mo. hal io, haloall cyl or haloalkoxy /; phenyl opt ionally sub stituted 

, cyano. halo, haloalkyl or hal 

hvdroxvalk ivl; h vdro> Lvalkoxv: al] s:oxvalkvl: ai ninoalkvl: A'-alk^ /lamir loalkvl; 

AOV-dialky I amir loalk vl; N.N.N-tr, ialkvlanimor numalkvl: Ll-C(( DV-OI ll\ L-

0
 1 

o K 01 • Lx-S ;rot,-ORr. wherein L1 i s a bond or alkvk me. ar ld R1 is 

•> . 
. is .2' • is aiKyi or 

wherein L3 is a bond or alkylene, and R3 and R4 are each indepen 
.IT 4 x rrt 5 

r aJ 

in m is 1, 2, 3 

is a 

[Vi 



alkoxvalkvi; alkvl: alkvlamino; alkvlthio; alkvnvl; aminoalkvl; N-alk vl am i n o a lk vl: 

A'-A-dialkvlaminoalkvl: AUVwV-trialkylammoniumalkvl; arvl alkyl optionally 

substituted with alkvl. alkenyl, alkvnvh alkoxy. cyano. halo, haloalkyl or haloalkoxy; 

cvcloalkvl optionally substituted with alkyl. alkenyl, alkynyl. alkoxy. cyano, halo, 

haloalkyl or haloalkoxv: dialkviamino; halo; haloalkyl; fluoroalkvl; heteroarvl 

optionally substituted with alkyl. alkenyl. alkynyl. alkoxy, cyano. halo, haloalkyl or 

haloalkoxy; heterocvcloalkvl optionally substituted with alkvl. alkenyl. alkynyl, 

alkoxy. cyano, halo, haloalkyl or haloalkoxy: hydroxy; hydroxyalkyl; oxo; an 

exoc'vclic double bond optionally substituted with alkvl. alkenyl, alkvnvl. aryl. 

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

one, or two heteroatoms: phenyl optionally substituted with alkvl, alkenyl. alkvnvl. 

alkoxv. cyano, halo, haloalkyl or haloalkoxy: L'-CfQV-OR8 . L'-PfOVfOR1 b, or L1-

SiO'h-QR1 . wherein L! is a bond or alkylene. and R.] is selected from the group 

consisting of hydrogen, alkvl or hydroxyalkyl: L2-0—C(0)-R2 . wherein L2 is a bond 

or alkylene. and R2 is alkvl or hydroxyalkyl; LJ--C(0)--NR:' R4 . wherein L3 is a bond 

or alkylene, and R3 and R4 are each independently selected from the group consisting 

of hydrogen, alkvi. and hydroxyalkyl: L4-NR""' -C(Q)-R6. wherein L4 is a bond or 

alkvlene. R/1 is hydrogen or alkvl. and R6 is alkyl or hvdroxvallcvl; and L7~NR8 -

SCQb—R9. wherein L7 is a bond or alkylene, R.8 is hydrogen or alkyl. and R(> is alkyl 

or hydroxyalkyl; 

as to R10. R'1. R12. and R13. 

i. R10 or R! 1 together with R12 or R'3 form a ring; or 

iL R1(j and R'1 together with the carbon atom to which they are attached 

form a spirocvclic ring and/or R12 and R1" together with the carbon atom to which 

they are attached form a soirocyclic ring: or 

10 11 12 13 in. one or more of R '. R ', R and R ' form a ring together with a ring 

substituent of ring A: or 
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R10. R11, R12. and RIj do not form a ring.wherein R10. R11. R12. and Ri3 

are each independently selected from the group consisting of alkyl; alkenyl; haloalkyl; 

alkynyl; oxoalkvi; cvcloalkvl optionally substituted with alkvl. alkenyl alkvnvl. 

alkoxy. cyano. halo, haloalkyl or haloalkoxy; heterocvclvl optionally substituted with 

alkyl. alkenvh alkynyl. alkoxy, cyano. halo, haloalkyl or haloalkoxy; heteroarvl 

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

haloalkoxy; phenyl optionally substituted with alkyl. alkenyl. alkynyl, alkoxy, cyano. 

L13-C(Q)-ORi4, L13-PjO)~ (OR14 b, or LI3-S(0)2-0Ri4\ wherein L13 is a bond or 

alkvlene, and Ri4 is selected from the group consisting of hydrogen, alkyl and 

hydroxyalkyl; LiJ-0~C(0)--R16 . wherein L15 is alkylene and Ri6 is alkvl or 

hydroxyalkyl; L! '-C(Q)-NR18 R19 . wherein L17 is a bond or alkylene. and R18 and 

R19 are each independently selected from the group consisting of hydrogen, alkvl. and 
20 ^ 1 * 7?' on 21" hydroxyalkyl ; and L -NR~ —C(O)—R ~ . wherein L~ is alkylene. R is hydrogen or 

[007I>1 In one aspect, there is provided a compound having a structure 

corresponding to formula fl-l), 

V7 

£i-i) 

or a salt thereof, 

wherein 

V1. V2. V3 and V4 are each CR1. wherein R1 is, at each occurrence, hydrogen; 

5 c 



V" and V are CR~. wherein R^" is independently, at each occurrence, hydrogen 

6 i XTS 
W 

'7 is CR2, 

is a 

aT^o 

1-37 

R1-Ar1-

R2 AJ-2 

•]-i 1 A r--rt MAnfUc /"VTVH one or more R3 and R2. 

1 __ j r>2 

); iiy 

aikoxv; arv. 

atn 

alk yl, alk' enyl, alk ynvl. alkoxy , cva no, halo . haloaik vl. or hah Dalkoxv: cycloal iky]' oxv 

opt ionaih / substiti jted with alk vl. al kenvl. a Ikynvl, a Ikoxy. c vano, hal iO, halo; '1 or 

hal oalko^ :v: 5- or 6-membered hete roarvlo ptionaliv • substitu ted with alkvl. a Ikei ivh 

alk vnvl. a ilkoxv. c vano. halo. 1: laioa IkyI or h .aloalkox .y; Dhen\ 'I ODtlOilc illy sub stiti jted 

hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl: aminoaikyl: vV-alkylaminoaikvI: 

5d 



: Ar.A\A'-tri alkvl a r r i 

r},, orL'-SfOV™1' is a Dona or is 

•om 

rein L" is , 3"r»4' 

wherein V is a bond or alkylene. and R3 and R4 are each independently 

i or alky: ,6' • 

an aJ -> Im—'<J~ 

1 or any 

1, 2, 3 or 4; 

a salt thereof, 

21 • 

23wr> 24 

selec 25-, 

27\/r>28\ 

is seiec x>nsi 
C(R3°V 2X/T>30 

,-r->33> 

34% 35\ /n 36% 

a oonQ, -u-
38% 39\/ri40% at least one 1 /~,2 /-v3 r\4 

bond; or 



two of O1. Q2. Q \ Q4. or Q5 together form a carbon vl; an exocyclic double 

bond optionally substituted with alkvl, alkenyl, aryi. cvcloalkvl, heterocyclvl, or 

heteroan /I; or a 3-8-mei nbered spire ) ring co ntainir lg Zf; rro. or le, or two hetero ring 

atoms. 01 otionallv substi ituted with a Ikvl, alk envl, a ilkyr tvl, all coxy, cyano. halo. 

haloalkyl or haloalkoxy; 

as to R10. R1R12. and R13, 

i. R10 or RI] together with R12 or Rlj form a ring; or 

iL R10 and R1' together with the carbon atom to which they are attached 
! *) 13 form a spirocvclic ring and/or R ~ and R together with the carbon atom to which 

they are attached form a spirocvclic ring; or 

iii. one or more of R!0. R11. R12 and Ri3 form a ring together with a ring 

siibstitueiit of ring A: or 

iv. R'°. R". R12. and R13 do not form a ring, wherein R10. R1R12 and R13 

are each independently selected from the group consisting of alkvl; alkenyl; haloalkyl; 

alkynyl: oxoalkyl: cvcloalkvl optionally substituted with alkvl, alkenyl. alkynyl, 

alkoxy. cyano, halo, haloalkyl or haloalkoxy: heterocvclvi optionally substituted with 

alkvl. alkenyl, alkvnvl. alkoxy. cyano. halo, haloalkyl or haloalkoxy; heteroarvl 

consisting of hydrogen, halo, fluoro, alkyl. haloalkyl, fiuoroalkvl. alkenyl. alkvnvl. 

alkvloxv. JV-alkvlamino. ,'V,A'-dialkvlamino. A^^V-trialkylammoniumalkyl: 





X is a phosphine having a structure corresponding to a formula selected 
consisting of formulae 2-3, 2-4. 2-1S 

9_' 2-4 2-: 

f007el one there is provided a compound having a structure 

corresponding to formula (I). 

RLAr1~X 

R2 - Ar2 

or a salt thereof, 

01 

wherein 

Ar1 and Ar2 are each independently arvl or heteroarvl. and wherein Ar1 and 
^ 1 2 Ar are each independently optionally substituted with one or more R and R . 

1 ^ R and R" are independently selected at each occurrence from the group 

f hydrogen; amino; hydroxy!; cyano; halo; alkvl; alkenyl; all 

heteroarvlamino; alkvlamino; dialkvlamino; cvcloalkvl optionally substituted with 

alkyl. alkenvl alkvnvl.. alkoxy. cyano. halo, haloalkyl or haloalkoxy; cycloalkyloxy 

optionally substituted with alkvl. alkenvl alkvnvl alkoxy. cyano. halo., haloalkyl or 

haloalkoxy: 5- or 6-membered heteroarvl optionally substituted with alkvl alkenyl 

with alkvl. alkenvl alkvnvl alkoxv. cyano, halo, haloalkyl or haloalkoxy; 

/.Af-dialkylaminoalkyl: A;Ar.A:'-triaikvlammoniumalkvl: L!-€(0)—OR1 . L1— 

3)-(OR] or L'-SfOV-OR1 . wherein L1 is a r alkvlene. and R is selected 
2. ^" from the group consisting of hydrogen, alkyl and hydroxyalkyl; L -Q-C(Q)-R". 
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wherei 
A 

n L is a b ond c >r alkvl < sue. and R2 i .s alkyl or by 'droxvalkvl; L^-CCOVIN ]R3'R4', 

wherei n L is a b ond c >r alkyl* ;ne. and R" i ind R4 are e ach independently selec ted. 

from tl le grout) o onsis ting of] hydrogen, ail cvl, and hvdi roxyalkvl; L4-NR5 -C(C »~R6, 

whei'ei n L4 is a b ond c >r alkyl f sne. R^ is hy drogen or al kvi. and R6 is alkvl or 

hydros ivalkvh su IfaiiK :.)vl; N-( alkvl'isulfam ovk AUV-(di; alkvDsulfamovl; sulfoiic imide: 

2hi£ 

is 1.2, 3 or 

is a phospiiine 

wherein ring A includes 0 to 9 ring atoms in addition to the phosphorus and 2 

carbon ring atoms of f< srmula (la"!, wherein sak 1 ring atom: s are each indeoe indentlv 

selected from the grou D consisting of carbon, c fxygen. nitr ogen. Dhosnhoru s and 

sulfur; and 

wherein the rin g atoms of ring A are ea ch indepeiK ientlv optionally substituted 

with one or more subsi Htuents selected from tlx 2 group con sisting of alkenv '1; alkoxv; 

alkoxyalkvi; alkyl; alk vlamino; alkvithio; alky: nvl; aminos ilkvl; A-alkvlami inoalkvl: 

N.N- di alkvl amin oalk v 1: N.N.N-tr\ al kvi ammoni umalkyl; ar •yialkvl oDtionall 

substituted with alkyi. alkenvl alkynyl, alkoxv cyano. ha lo. haloalkyl or t laloalkoxv; 

cycloaLkvl optionally s ;ubstituted with alkyl. al kenvi. alkyi ivh alkoxy. cyan so, haio. 

haloalkvl or haloalkox v; dialkvlamino: halo; h aloalkvl; fli aoroalkvl; hetero arvl 

optionally substituted ' with alkyl. alkenvl, alky nvl. alkoxv , cvano, halo, ha' loalkvl or 

haloalkoxy; heterocyc] ioalkyl optionally substii Luted with a ilkvL alkenyl. all cvnvl. 



cycloaikvl, heterocvclvl. or heteroarvl: a 3- to 7-membered spiro ring containing zero. 



9A 2 i' 22' wherein L~ is alkylene, R is hydrogen or alkyl, and R is alkyl or 

!~007fj In one aspect, there is provided a catalyst composition comprising a 

transition metal catalyst precursor and a compound as defined above. 

f007g] In one aspect, there is provided a catalyst composition comprising a 

palladium catalyst precursor and a compound as defined above. 

1007hl In one aspect, there is provided a catalyst composition comprising a 

palladium catalyst precursor and 7.7.9.9-tctramethvl-8-(2'.4'.6'-triisopropyl-3,6-

dimethoxvbiphenvl-2-vl)-i .4-dioxa-8-phosphaspiro["4,51decane, 

100711 In one aspect, there is provided a heterogeneous catalyst composition 

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

100711 In one aspect, there is provided a method for synthesizing a 

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

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

compound selected from the compounds as defined above. 

[007kl In one aspect, there is provided, a method of performing a bond-

forming reaction comprising catalyzing said reaction with a compound as defined 

above, 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. 

00711 In one aspect, there is provided a method of forming a bond in a 

chemical reaction comprising catalyzing said reaction with a compound as defined 

above, 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. 



[007ml In one aspect there is provided a method of preparin g phosphacvcles 

defined above comprising: 

a biary: 

reacting a a biary 

phosphonate: 

reduction of second product to form primary phosphine: and 

reacting primary phosphine with a divinylketone. 

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

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

[009] 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 (I), 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. 


