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WE CLAIM: 

1. 	A phosphine ligand, said ligand having a structure corresponding to formula 

(I), 

R1-Ar1-X 

R2-Ar2  

(I) 

or a salt thereof, 

wherein 

Ar' and Ar2  are each independently aryl or heteroaryl, and ' herein Ar' and Ar2  are 

each independently optionally substituted with one or more R' . d R2, respectively; 

R' and R2  are independently selected at each occurs ce from the group consisting of 

hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; • I 	yl; haloalkyl; haloalkoxy; 

oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; eteroarylamino; alkylamino; 

dialkylamino; cycloalkyl optionally substituted wi 	alkyl, alkenyl, alkynyl, alkoxy, cyano, 

halo, haloalkyl or haloalkoxy; cycloalkyloxy op onally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or ha 4alkoxy; 5- or 6-membered heteroaryl optionally 

substituted with alkyl, alkenyl, alkynyl, a 	oxy, cyano, halo, haloalkyl or haloalkoxy; phenyl 

optionally substituted with alkyl, alke 	, alkynyl, alkoxy, cyano, halo, haloalkyl or 

haloalkoxy; hydroxyalkyl; hydroxy. 	s xy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylarninoalkyl; N AN-4 .1kylammoniumalkyl; L'-C(0)-0R", L'-P(0)-(OR")2, or 

L'-S(0)2-0R", wherein L' is 	bond or alkylene, and R" is selected from the group consisting 

of hydrogen, alkyl and hy s • xyalkyl; L2-0-C(0)-R2', wherein L2  is a bond or alkylene, and 

R2' is alkyl or hydroxya 	1; L3-C(0)-NR3.1t4', wherein L3  is a bond or alkylene, and R3' and 

R4.  are each indepen 	tly selected from the group consisting of hydrogen, alkyl, and 

hydroxyalkyl; L4-'R5'-C(0)-R6', wherein L4  is a bond or alkylene, R5' is hydrogen or alkyl, 

and R6' is alkyl sr hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(diallcyl)sulfamoyl; 

sulfonamide-  sulfate; alkylthio; thioallcyl; and a ring containing an alkylene or -0-(CH2).- 

0- form - 1 by the joining together of any two RI  or any two R2  or an R' and an R2  , wherein m 

is 1, 2 	or 4; 

X is a phosphine of formula (Ia): 
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wherein ring A is a monocyclic heterocyclic ring, bicyclic hetero 	lie ring, or 

tricyclic heterocyclic ring, and wherein ring A includes 0 to 9 ring ato ii 	in addition to the 

phosphorus and 2 carbon ring atoms of formula (Ia), wherein said 	atoms are each 

independently selected from the group consisting of carbon, oxy 	, nitrogen, phosphorus 

and sulfur; or 

X is a phosphine of formula (Ib): 

R11 
Rio 

Fe 

C=D 

R13 	; or 

(Ib) 

X is a phosphine fuse' to Ari  to give a compound of formula (lc): 

R14 
B 

R15 

R1-Art -P\ 
RP  

R2-Ar2  

(k) 

wherein, ring B is a phosphorus heterocyclic ring with 0 to 5 ring atoms in addition to 

the .hosphorus and carbon ring atoms of formula (I-c), wherein said ring atoms are each 

*., dependently selected from the group consisting of carbon, oxygen, nitrogen, phosphorus 

and sulfur, and 
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wherein the ring atoms of ring A and ring B are each independently optionally 

substituted with one or more substituents selected from the group consisting of alkenyl; 

alkoxy; alkoxyalkyl; alkyl; alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-diallcylaminoallcyl; N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted wi 

alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl option. y 

substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy 

dialkylamino; halo; haloalkyl; fluoroalkyl; C5.6 heteroaryl optionally substituted 	th alkyl, 

alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocycloa 	optionally 

substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or h. oalkoxy; 

hydroxy; hydroxyalkyl; oxo; an exocyclic double bond optionally substi • ted with alkyl, 

alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; a 3- to 	membered spiro ring 

containing zero, one, or two heteroatoms; phenyl optionally substi ri ted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; L'-C(O 	• le, 1-1-P(0)-(0R1')2, or LI- 

S(0)2—ORI., wherein L' is a bond or alkylene, and 12.1 ' is sele • ted from the group consisting of 

hydrogen, alkyl or hydroxyalkyl; L2-0—C(0)—R2', where 	L2  is a bond or alkylene, and R2' is 

alkyl or hydroxyalkyl; L3—C(0)—NR3'e, wherein L3  i• a bond or alkylene, and R3' and R4' 

are each independently selected from the group co : sting of hydrogen, alkyl, and 

hydroxyalkyl; L4—NR5'—C(0)—R6', wherein L4  is 	bond or alkylene, R5'  is hydrogen or alkyl, 

and R6' is alkyl or hydroxyalkyl; and 1,7—NR8' S(0)2—R9', wherein L7  is a bond or allcylene, 

R8' is hydrogen or alkyl, and R9' is alkyl or ydroxyalkyl; 

RP  is selected from the group 	,nsisting of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 

and heteroaryl, wherein RP is optio . ly substituted with alkyl, alkenyl, alkynyl, alkoxy, 

cyano, halo, haloalkyl or haloa 	,.xy; or RP is a bridging group between the phosphorus and 

another B ring atom, wherein 	is selected from the group consisting of alkylene, alkenylene, 

alkynylene, and —(CR4I R42 ti)q—, wherein R41  and R42  are each independently hydrogen or 

alkyl, and wherein q is 	or 2, and wherein RP  is optionally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cya , ., halo, haloalkyl or haloalkoxy; 

as to RIO 	.11, R12, and R13, 

i. R" or R" together with R'2  or R'3  form a ring; or 

ii. RI°  and R" together with the carbon atom to which they are attached form a 

spiroc clic ring and/or R12  and R13  together with the carbon atom to which they are attached 

fo , a spirocyclic ring; or 

iii. one or more of RI°, R", R12 and R13 form a ring together with a ring 

substituent of ring A; wherein, if any of substituents RI°, R", R12, and R13  do not form a ring, 
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said substituents are each independently selected from the group consisting of hydrogen; 

alkyl; alkenyl; haloalkyl; allcynyl; oxoalkyl; cycloalkyl optionally substituted with alkyl, 

allcenyl, 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, allcynyl, alkoxy, cyano, halo, halo: I 	I 

or haloalkoxy; phenyl optionally substituted with alkyl, alkenyl, allcynyl, alkoxy, cy : o, halo, 

haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoa 	1; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; thioallcyl; L13-C(0 	• . 14'
, 
 L13_ 

P(0)- (OR14')2, or L13-S(0)2-012.14', wherein L13  is a bond or alkylene, and 	4'  is selected 

from the group consisting of hydrogen, alkyl and hydroxyalkyl; L13  0 r 0)-R16', wherein 

L15  is alkylene and R16' is alkyl or hydroxyalkyl; L17-C(0)-Ne'R19' 	herein L17  is a bond 

or alkylene, and R'8' and R19' are each independently selected fr• • he group consisting of 

hydrogen, alkyl, and hydroxyalkyl ; and L74-NR21'-C(0)-R22', 	herein L2°  is alkylene, R21' is 

hydrogen or alkyl, and R22'  is alkyl or hydroxyalkyl; and 

4 	a le as to R1  an 	, 

R14  and R15  together with the carbon atom t 	hich they are attached form a 

spirocyclic ring; or 

one or more of le and R'5  form a rin together with a ring atom or ring substituent of 

ring B, 

wherein, if any of substituents 	4  and R15  do not form a ring, said substituents are 

each independently selected from 	group consisting of hydrogen; alkyl; alkenyl; haloalkyl; 

alkynyl; oxoalkyl; cycloalkyl op onally substituted with alkyl, alkenyl, alkynyl, aryl, 

cycloalkyl, heterocyclyl, or h eroaryl; heterocyclyl optionally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, h 	haloalkyl or haloalkoxy; C5.6 heteroaryl optionally substituted 

with alkyl, alkenyl, a 	ii yl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally 

substituted with alky , alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 

hydroxyalkyl; alk' yalkyl; aminoalkyl; N-alkylaminoalkyl; N,2V-dialkylaminoalkyl; 

N,N,N-trialkyl: u moniumalkyl; thioalkyl; L13_c(0)_oR14', -1...13_ KOHOR14')2, or L13-S(0)2- 

OR14' wher-  du L13  is a bond or alkylene, and R'4' is selected from the group consisting of 

hydrog - u alkyl and hydroxyalkyl; L15-0-C(0)-R16' wherein L13  is alkylene, and R'6' is alkyl 

or by. oxyalkyl; L17-C(0)-NR19.R19., wherein L'7  is a bond or alkylene and R19' and R19' are 

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

d 1,20- NR  12 ....c(0, -K  -22' 
) 	, wherein L2°  is allcylene, R21.  is hydrogen or alkyl, and R22'  is alkyl 

or hydroxyalkyl. 
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2. 	The phosphine ligand according to claim 1, said ligand having a structure 

corresponding to a structure of a formula selected from the group consisting of formulae (I-1 

- (1-42), or a salt thereof: 
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(I-39) 	 (I-40) 	 (1-4 1 ), and 	 (1-42) 

wherein 

X is a phosphine of formula (Ia) or (lb); 

V1, V2, V3, and V4  are each independently 	le or N; 

V5, V6, V7, V8  and V9  are each indep-  I ently CR2  or N; 

W', W2, an W3  are each indepen • ,, tly selected from the group consisting of CR', 

NR', N and 0; 

W4  is C or N; 

W5  is C or N; 

W6, W7, W8  and W9  are each independently selected from the group consisting of 

CR2, NR2, N and 0; an I 

	

ring C, at 	occurrence, is a fused-aryl or fused-heteroaryl and is optionally 

	

substituted with : 	and R2. 

3 	The compound according to claim 1 or claim 2, wherein ring A is a 4-, 5-, 

6-, 7-, dr 8-membered ring, and wherein each of the ring atoms in addition to the phosphorus 

an' 	carbon ring atoms of formula ao are carbon. 
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4. The compound according to claim 1, wherein ring A of formula (Ia) is 

bicyclic. 

5. The compound according to claim 1, wherein ring A of formula (Ia) is 

tricyclic. 

6. The compound according to claim 1 or claim 2, wherein X is . phosphine of 

formula (Id), or a salt thereof: 

R11  R'6 
R10  

,, 	Ri  

-p-  ) 
b , 	Is 

R i2 
19 RI 

d) 

 

wherein 

one ormore of R16, R'7, Rut, and 	19 optionally form a ring with R16, R", R'2, or R'3; 

or 

R17  together with R'8  opt ,. ally form a carbonyl; an exocyclic double bond optionally 

substituted with alkyl, alkenyl -11cynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a 3- to 

7-membered Spiro ring con . fining zero, one, or two heteroatoms, optionally substituted with 

alkyl, alkenyl, alkynyl, 	1, cycloalkyl, heterocyclyl, or heteroaryl; or 

R16  and R19  • e each independently selected from the group consisting of hydrogen, 

halo, alkyl, haloa 	1, fluoroalkyl, alkenyl, and alkoxy; or 

R17  a a R18  are each independently selected from the group consisting of hydrogen; 

halo; fluor., alkyl; alkenyl; alkynyl; haloalkyl; fluoroalkyl; alkyloxy; N-alkylamino; 

N,N-dia 	lamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, 

cyan. , halo, haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, 

a 	enyl, 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 
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haloalkoxy; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloallcyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(0)-OR'', L'-P(0)-(ORI')2, or 

LI-S(0)2--ORI ', wherein L' is a bond or alkylene, and RI' is selected from the group 

consisting of hydrogen, alkyl and hydroxyalkyl L2-0-C(0)-R2', wherein L2  is a bond or 

alkylene, and R2' is alkyl or hydroxyalkyl; L3-C(0)-NR3.R4', wherein L3  is a bond or 

alkylene, R3' and R4' are each independently selected from the group consisting of 	drogen, 

alkyl, and hydroxyalkyl; L4-NR5'-C(0)--R6., wherein L4  is a bond or alkylene, . d R5' is 

hydrogen or alkyl, R6' is alkyl or hydroxyalkyl; and allcylthio; and 

at least one of bonds a and b in formula (1d) is a single bond an' sne of bonds a or b 

is optionally a double bond. 

7. The compound according to claim 6, where' ' 16  and RI9  are hydrogen. 

8. The compound according to claim 6, 	herein RP  and RI8  together with the 

carbon atom to which they are attached form a 3-, - -, 5-, 6-, or 7-membered spirocyclic ring 

containing 0, 1, or 2 ring heteroatoms. 

9. The compound accordi ' g to claim 6, wherein X is a phosphine having a 

structure corresponding to a formula . elected from the group consisting of: 

A-P 	O P ORS 1—P 0 D 

1, 1-2 1-3 
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1-4 

OR2° 
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1-6 
	

1-7 
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41 	al 
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or a s , t thereof, wherein R" is selected from the group consisting of oxygen, NR20, 

and C(R2°  

' 20  is hydrogen, alkyl, aryl, heteroaryl, arylallcyl or heteroarylalkyl, wherein the aryl, 

bete oaryl, aryl of arylalkyl and heteroaryl of heteroarylalkyl are optionally substituted with 

. 	, 	1, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; and 

nis 0, 1, or 2. 
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10. 	The compound according to claim 1 or claim 2, wherein X is a phosphine 

of formula (Ie), or a salt thereof, 

Ril 

R10 	
Q1_ 

----Q2 

\Q3 ../. 

R12 •"'" 	\., 	..••••• Q4  
Q5  

R13  

(Ie) 

wherein 

Q1  is selected from the group consisting of a bon • 	I 	, —S— , —N(R2I)— , =C(R22)— , 
and  _c(R23)(R24)- ; 

Q2  is selected from the group consisting of 	ond, —0— , —S— , —N(R25)— , =C(R26)— , 
and  _c(R2I)(R28)._ ; 

Q3  is selected from the group consi 	A g of a bond, —0— , —S— , —N(R29)— , 	(R36)— , 

and —C(R32)(e)— ; 

Q4  is selected from the group , • nsisting of a bond, —0— , —S— , —N(R33)— , 	(R34)— , 

and —C(R35)(R36)— ; 

Q5  is selected from the li • up consisting of a bond, —0— , —S—, —N(R32)— , =C(R38)— , 

and —C(R39)(e)— ; and at I 	t one of Q', Q2, Q3, Q4, and Q5  is not a bond; or 

two of Q1, Q2, I , Q4, or Q5  together form a carbonyl; an exocyclic double bond 

optionally substitut,• 	*th alkyl, alkenyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a 

3-8-membered sp.  • ring containing zero, one, or two hetero ring atoms, optionally 

substituted wi . alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 

R21 	' 4o are, at each occurrence, independently selected from the group consisting of 

hydrog 	halo, fluoro, alkyl, haloalkyl, fluoroalkyl, alkenyl, alkynyl, alkyloxy, 

N- 	•, amino, N,N-dialkylamino, N,N,N-trialkylanunoniumalkyl; substituted or unsubstituted 

cy oalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted C5.6 

eteroaryl, substituted or unsubstituted phenyl; 
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hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 

N,N,N-trialkylammoniumalkyl; 

L1-C(0)-OR", L1-P(0)-(OR1')2, or L1-S(0)2-0R" where R1' is hydrogen, alkyl or 

hydroxyalkyl and L1  is a bond or alkylene; 

L2-0-C(0)--R2' where R2' is alkyl or hydroxyalkyl and L2  is a bond or alkyle e; 

L3-C(0)-NR3'e where R3' and R4' are independently selected from H, a 	1, and 

hydroxyalkyl and wherein L3  is a bond or alkylene; 

L4-NR5'-C(0)-R6' wherein R5' is selected from H and alkyl, R6' is elected from 

alkyl and hydroxyalkyl, and L4  is a bond or alkylene; and 

alkylthio; or additionally 

one or more of e -R4°  form a ring with another of RI°  '11  R'2, R'3, and R21-R40. 

11. The compound according to claim 10 	herein X comprises a 4-membered 

ring. 

12. The compound according to • aim 10, wherein X comprises a 5-membered 

ring. 

13. The compound according to claim 10, wherein X comprises a 7-membered 

ring or an 8-membered ring. 

14. The co ,  pound according to claim 10, wherein R10, R11, R12, and R13  are 

selected from the ti • i p consisting of alkyl, phenyl, and heteroaryl, or wherein RI°  or R11  

together with R12 	R13  form a ring. 

1 	The compound according to claim 10, wherein X is a phosphine having a 

stru 	corresponding to a formula selected from the group consisting of 
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.---
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	 q 	q 	41( 

2-1 	2-2 	2-3 	2-4 	2-5 	2-6 

Me  
P 	 4 Me 

AM 
4-5 	 ON*  1 

P 	
II 

1 Mr 
40 	0 

2-7 2-8 	2-9 	2-10 	2-11 	2-12 	2-13 

io'.. 
_ and P... 

2-14 2-15 	2-16 	-17 	2-18 	2-19 

16. 	The compound accordi 	to claim 1 or claim 2, wherein X is a phosphine of 

formula (Ib), 

R11 
Rio 

Fe 

CD 

R12 	R13 

(Ib) 

t a salt thereof, 

wherein 

Rm, R", R12, and R13  are, at each occurrence, independently selected from the group 

consisting of alkyl, aryl, heteroaryl, and a ring formed by joining together R.1°  or R" with R12  

or R". 
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17. The phosphine ligand of claim 2, said ligand having a structure corresponding 

to any of formulae (I-1) - (1-42), wherein X is a phosphine having a structure corresponding t t 

a formula selected from the group consisting of formulae (Ia) and (Ib). 

18. The phosphine ligand of claim 17, said ligand having a structure 

corresponding to formula (I-I), 

V2  
-/- ".,. 

V3  .. - - ss 	V1  

:. 

V4-* 
x 

V5  V9  

V7  

(1-1) 

or a salt thereof, 

wherein 

VI  and V4  are CR', wherei 	• is independently, at each occurrence, hydrogen or 

alkoxy; 

V2  and V3  are CR', 	erein R' is independently, at each occurrence, hydrogen or 

alkoxy; 

V5  and V9 	R2, wherein R2  is independently, at each occurrence, selected from 

the group consist 	of hydrogen, alkoxy, alkyl, and dialkylamino; 

V6  and 	s are CR2, wherein R2  is independently, at each occurrence, hydrogen or 

alkoxy; 

is CR2, wherein R2  is hydrogen or alkyl; and 

X is selected from the group consisting of phoshines of formulae 1-1, 1-2, 1-3, 1-4, 1- 

5 and 1-64. 
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0 
— 	 i OR2° 	—P 	X ) 

° 
1_1 	 1-2 	 1-3 

...) N 

1-4 	 1-5 	 64 

19. 	The phosphine ligand of claim 18, wherein the lil , .d is selected from the 

group consisting of: 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropylbiphenyl- -yl)phosphinane; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropylbiphe y1-2-yl)phosphinan-4-one; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropylb*.heny1-2-yl)phosphinan-4-ol; 

7,7,9,9-tetramethy1-8-(2',4',6'-triisopm 	bipheny1-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

8,8,10,10-tetramethy1-9-(2',4',6'- 4 isopropylbipheny1-2-y1)-1,5-dioxa-9-phospha-

spiro[5.5]undecane; 

3,3,8,8,10,10-hexamethy 	'-(2',4',6'-triisopropylbipheny1-2-y1)-1,5-dioxa-9-

phosphaspiro[5.5]undecane; 

1-(2'-(dimethylam 	o)-6'-methoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4- 

one; 

1-(2',6'-bis : imethylamino)bipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2',6' 4 	1 ethoxybiphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one; 

1-( ,6'-diisopropoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

-(2'-(dimethylamino)bipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(biphenyl-2-y1)-2,2,6,6-tetrarnethylphosphinan-4-one; 

1-(1,1'-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2'-methoxy-1,1'-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 
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1-(3,6-dimethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(3,6-dimethoxy-2',4',6'-trimethylbipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-

one; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yOphosphin 	-4-

one; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropy1-4,5-dimethoxybipheny1-2-yl)p • • phinan-4-

one; 

1-(3',5'-dimethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan- 	, 

1-(4'-tert-butylbipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4 • ne; 

6-methoxy-N,N-dimethy1-2'-(7,7,9,9-tetramethyl-1,4-dioxa 	- 

phosphaspiro[4.5]decan-8-yl)bipheny1-2-amine; 

N2,N2,/V6,N6-tetramethy1-2'-(7,7,9,9-tetramethyl -1,4 • oxa-8-phosphaspiro[4.5]decan- 

8-yl)bipheny1-2,6-diamine; 

8-(2',6'-dimethoxybipheny1-2-y1)-7,7,9,9-t . N • 	ethy1-1,4-dioxa-8- 

phosphaspiro[4.5]decane; 

8-(T,6'-diisopropoxybipheny1-2-y1)-7„ ' ,9-tetramethy1-1,4-dioxa-8- 

phosphaspiro[4.5]decane; 

N,N-dimethy1-2'-(7,7,9,9-tetra • 	hy1-1,4-dioxa-8-phosphaspiro [4.5]decan-8-

yl)bipheny1-2-amine; 

8-(biphenyl-2-y1)-7,7,9, ' tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decane; 

843,6-dimethoxybi • , eny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8- 

phosphaspiro[4.5]decane• 

8-(3,6-dime 	• xy-21,4',6'-trimethylbipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5] • .- cane; 

7,7,9,9 etramethy1-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-y1)-1,4-dioxa-8-

phosphaspi 4[4.5]decane; 

,7,9,94etramethy1-8-(2',4',6'-triisopropy1-4,5-dimethoxybipheny1-2-y1)-1,4-dioxa-8-

phos,  aspiro[4.5]decane; 

8-(3',5'-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8- 

phosphaspiro[4.5]decane; 
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8-(4'-tert-butylbipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; and 

2,2,6,6-tetmmethy1-1-(2',4',6'-triisopropy1-3,6-dimethoxybipheny1-2-yl)phosphinane. 

20. 	The phosphine ligand of claim 17, said ligand having a structure 

corresponding to formula (1-8), 

v2  .-'.. "...., 
V3  - - 	-, V1  

V4  .- - - 
x 

... 

i 

(I-8) 

or a salt thereof, 

wherein 

V1  and V2  are each CR1, w- erein RI  is, at each occurrence, hydrogen; 

V7  and Vg  are each C 	wherein R2  is, at each occurrence, hydrogen; 

V9  is CR2, wherei 	2  is hydrogen; 

ring Cat each ccurrence is an unsubstituted fused-phenyl; and 

X is a phov,hine having a structure corresponding to a formula selected 

group consistin g of formulae 1-1, 1-3 and 1-5. 

from the 

p.-1  

1 _ 1 	 1-3 I -5 
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21. The phosphine ligand of claim 20, wherein said ligand is selected from 

group consisting of: 

the 

2,2,6,6-tetramethy1-1-(2-(naphthalen-1-yl)phenyl)phosphinan-4-one; and 

7,7,9,9-tetramethy1-8-(4-methy1-2-(naphthal en-l-yl)pheny1)-1,4-dioxa :- 

phosphaspiro[4.5]decane. 

22. The phosphine ligand of claim 

corresponding to formula (1-10), 

of  

17, said 

,..._ 

2 

I 
v7 

ligand having a st 	ture 

vi 

(1-10) 

or a salt thereof, 

wherein 

VI  and V2  are each r • , wherein R' is, at each occurrence, hydrogen; 

V7  and Vg  are - • h CR2, wherein R2  is, at each occurrence, hydrogen; 

V9  is CR2, 	erein R2  is hydrogen or alkoxy; 

ring C . each occurrence is an unsubstituted fused-phenyl; and 

X i . phosphine having a structure corresponding to a formula selected from the 

group co , isting of formulae 1-1, 1-3, and 1-5. 

1-P 0 .., 	,.) 

i _ 1 	1-3 	 1-5 
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23. The phosphine ligand of claim 22, wherein said ligand is selected from the 

group consisting of: 

1-(1,11-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2'-methoxy-1,1'-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

8-(1,11-binaphthy1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4. 	decane; 

and 

8-(2'-methoxy-1,11-binaphthy1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-:- 

phosphaspiro[4.5)decane. 

24. The phosphine ligand of claim 17, said ligand h ving a structure 

corresponding to formula (1-9), 

V2  
V3  

,---- .:, 
.- - 	- 

V`,4:. - 
, 

v5 "   -.v9  ,, 

' - ...a V8 

or a salt they: I f, 

wherein 

(I-9) 

V1„ V3, and V4  are each CR', wherein R', at each occurrence, is hydrogen; 

, V8  and V9  are each CR2, wherein R2, at each occurrence, is hydrogen; 

ring C is an unsubstituted fused-phenyl; and 

X is a phosphine having a structure corresponding to a formula selected from the 

group consisting of formulae 1-1, 1-3, and 1-5. 
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1—P 	) 

1-1 	 1-3 	 1-5 

25. The phosphine ligand of claim 24, wherein said ligand is selected i im the 

group consisting of: 

2,2,6,6-tetramethyl-1-(2-(naphthalen-2-yl)phenyl)phosphinan-4-o - and 

7,7,9,9-tetramethy1-8-(2-(naphthalen-2-yl)pheny1)-1,4-dioxa-8 

phosphaspiro[4.5]decane. 

26. The phosphine ligand of claim 17, said liga , • having a structure 

corresponding to formula (I-2), 

w2_,... 

w3% _ 	- 

W 

I. I 

. ... 	
va 

 

"-...,..- - ./0"" 
V7  

(1-2) 

or a salt there° ' 

wherein 

W1 	I 	are each CR', wherein RI, at each occurrence, is hydrogen; 

W . nd W4  are each N; 

, V6, V7, V8, and V9  are each CR2, wherein R2, at each occurrence, is hydrogen; and 

X is a phosphine having a structure corresponding to a formula selected from the 

A oup consisting of formulae 1-1, 1-3 and 1-5. 
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Om  
-1-P\ 

 

) 
1 

1-1 	 1-3 	 1-5 

27. The phosphine ligand of claim 26, wherein said ligand is selected i om till 

group consisting of: 

2,2,6,6-tetramethy1-1-(1-pheny1-1H-pyrazol-5-y1)phosphinan-4-on*, and 

1-phenyl-5-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5 g ecan-8-y1)-1H-

pyrazole. 

28. The phosphine ligand of claim 17, said lip. d having a structure 

corresponding to formula (I-3), 

V2  

w7-  

(I-3) 

or a salt ther:. 

wherein 

x 

VI, V2  V3  and V4  are each CR', wherein R' , at each occurrence, is hydrogen; 

', W7, W8  and W9  are each CR2, wherein R2, at each occurrence, is hydrogen; 

W5  is N; and 

X is a phosphine having a structure corresponding to a formula selected from the 

vi oup consisting of formulae 1-1, 1-3 and 1-5. 
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-P 	 - \ 	

L...) 	7vp-,1r3 

\-j  )  ---- 

1-1 	 1-3 	 1-5 

29. The phosphine ligand of claim 28, wherein said ligand is selected 	om t 

group consisting of: 

1-(2-(1H-pyrrol-1-yl)pheny1)-2,2,6,6-tetramethylphosphinan-4-on 	and 

1-(2-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5)decan-:-y1)phenyl)-1H-

pyrrole. 

30. The phosphine ligand of claim 17, said liga d having a structure 

corresponding to formula (1-4), 

W 2 ...— 

. . 
VV' ,' 

)/s ...... 
w7_____W3 

(1-4) 

or a salt thereof, 

wherein 

WI  and 	are each CR1, wherein R1, at each occurrence, is hydrogen; 

W3  a I W4  are each N; 

is C; 

W6  and W9  are each CR2, wherein R2, at each occurrence, is substituted or 

un- bstituted phenyl; 

W7  is N; 

175 



WO 2012/009698 
	

PCT/US2011/044282 

W8  is NR2, wherein R2, at each occurrence, is phenyl optionally substituted with 

alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; and 

X is a phosphine having a structure corresponding to a formula selected from the 

group consisting of formulae 1-1, 1-3 and 1-5. 

O 

1-1 	 1-3 

31. The phosphine ligand of claim 30, wherein said li 	d is selected from the 

group consisting of: 

2,2,6,6-Tetram ethyl-1 -(1',3',5'-tripheny1-1W-1,4*-b i 	. ol-5-yl)phosphin an-4-one; 

1'1',3',5'-Tripheny1-5-(7,7,9,9-tetramethyl-1,4 a • a xa-8-phosphaspiro[4.5]decan-8-y1)- 

1W-1,4'-bipyrazole; and 

1 ',3',5'-Tripheny1-5-(2,2,6,6-tetramethylp osphinan-l-y1)-l'H-1,4'-bipyrazole. 

32. The phosphine ligand of , aim 17, said ligand having a structure 

corresponding to formula (I-1), 

V2  
/ \ 

V3  ••• - -- 	V1  

I 	i 	; 

V4
x 

N/3 V9  

': I .  : I 
V6 - - 	\ /8  ,, 

V7  

(I-1) 

or a salt thereof, 

wherein 

VI, V2, V3  and V4  are each CR', wherein R' is, at each occurrence, hydrogen; 
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V5  and V9  are CR2, wherein R2  is independently, at each occurrence, hydrogen 

allcyl; 

or 

V6  and V8  are CR2, wherein R2, at each occurrence, is hydrogen; 

V7  is CR2, wherein R2  is hydrogen or alkyl; and 

X is a phosphine of formula 1-37. 

. -p 	O  

1-37 

33. The phosphine ligand of claim 32, wherein th 	igand is selected 

group consisting of: 

from the 

1,3,5,7-tetramethyl-8-(2',4',6'-triisopropylbiphe yl-2-yl)-2,4,6-trioxa-8-

phosphatricyclo [3 .3 .1.131decane; and 

8-(biphenyl-2-y1)-1,3,5,7-tetramethy 	2,4,6-trioxa-8-

phosphatricyclo[3.3.1.13'7]decane. 

34. The phosphine liga 	of claim 17, said ligand having a structure 

corresponding to formula (1-1), 

V2  
./ N,..„ 

V3 	- - - -, 	V1  

V4--, 
X 

V6 ‘•...„- 	-'. " „."" V8  
- V7  

(1-1) 

or a salt thereof, 
177 



WO 2012/009698 
	

PCT/US2011/044282 

wherein 

VI, V2, V3  and V4  are each CR', wherein R' is, at each occurrence, hydrogen; 

V5  and V9  are CR2, wherein R2  is independently, at each occurrence, hydrogen or 

alkyl; 

V6  and Vs  are CR2, wherein R2, at each occurrence, is hydrogen; 

V7  is CR2, wherein R2  is hydrogen or alkyl; and 

X is a phosphine having a structure corresponding to a formula select: i from the 

group consisting of formulae 2-3, 2-4, 2-18, and 2-19 

O 

0 

-P 	/ 	
and 	, 

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

35. The phosphine ligand of claim 34 , wherein the ligand is selected from the 

group consisting of: 

1-(biphenyl-2-y1)-2,2,7,7- 	• methylphosphepan-4-one; 

1-(biphenyl-2-y1)-2,2„ -tetramethylphosphepane; 

2,2,7,7-tetramethy 1-(2',4',6'riisopropylbipheny1-2-yl)phosphepan-4-one; 

2,2,7,7-tetram : h y1-1-(2',4',6'-triisopropylbipheny1-2-yl)phosphepane; 

2,2,8,8-t -  I . ii ethyl-1-(2',4',6-triisopropylbiphenyl-2-y1)phosphocan-4-one; 

and 

2,2 	,8-tetramethy1-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphocane. 

36. The phosphine ligand of claim 1, said ligand having a structure corresponding 

to formu 	(Ic), or a salt thereof; 
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R14 

B 
R15 

R -Ar1  P \ 
I 	RP  , 	, 

R2-Ar2  

(Ic) 

37. The phosphine ligand of claim 

corresponding to formula (Ic-1), 

2 

' 	s. . 

34, said ligand having a stru 

B ; Ri4 

f r  p 
R15  

RP  

I " 
v6,:-- 

(k-1) 

or a salt thereof, 

wherein, 

V2, V3, and V4  are 	independently CR1  or N; and 

V5, V6, V7, V8  : 4 V9  are each independently CR2  or N. 

38. r e phosphine ligand of claim 37, said ligand having a structure 

correspondin _ o formula (Ic-I a), or a salt thereof, 
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R14a 

2 

...- - -..• 

I:  : R14 
\/..

, 
. -N%  

P 
I 	R16  

„/-..,._ RP  
V6,- - - - V6  

I 	
I,  1 

V6  ** V7-/' V8 N.:—  

(Ic—la) 

wherein, 

RI48  is selected from the group consisting of alkeny alkoxy; alkoxyalkyl; alkyl; N- 

alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylamin t .1kyl; N,N-dialkylaminoalkyl; 

N,N,N-trialkylammoniumalkyl; substituted or unsubst" uted arylallcyl; cycloalkyl optionally 

substituted with alkyl, alkenyl, alkynyl, aryl, cyclo 	, heterocyclyl, or heteroaryl; 

dialkylamino; halo; haloalkyl; fluoroalkyl; C5.6 ' eteroaryl optionally substituted with alkyl, 

alkenyl, alkynyl, alkoxy, cyano, halo, haloal 	1 or haloalkoxy; heterocycloalkyl optionally 

substituted with alkyl, alkenyl, alkynyl, a oxy, cyano, halo, haloalkyl or haloalkoxy; 

hydroxy; hydroxyalkyl; phenyl option. y substituted with alkyl, alkenyl, alkynyl, alkoxy, 

cyano, halo, haloalkyl or haloalkox , L'-C(O)-OR'', LI -P(0)-(OR1')2, or L'-S(0)2-OR", 

wherein L'  is a bond or alkylene and R1' is selected from the group consisting of hydrogen, 

alkyl and hydroxyalkyl; L2-O 	(0)—R2., wherein L2  is a bond or alkylene, and R2' is alkyl or 

hydroxyalkyl; L3-C(0)-N : 	R4', wherein L3  is a bond or alkylene, and R.3'  and R4.  are each 

independently selected ' om the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4— 

NR5.—C(0)--R6', wh 	em L4  is a bond or alkylene, R5' is hydrogen and alkyl, and R6' is alkyl 

or hydroxyalkyl; 	d L7-Nle-S(0)2-R9', wherein L7  is a bond or alkylene, Rr  is hydrogen or 

alkyl, and R9' '. alkyl or hydroxyalkyl. 

39. 	A catalyst composition comprising a transition metal catalyst precursor and a 

ph, .phine ligand according to claim 1. 
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40. The catalyst composition according to claim 39, wherein the transition metal 

catalyst precursor is selected from the group consisting of palladium, rhodium, ruthenium, 

platinum, gold, cobalt, iridium, copper and nickel. 

41. The catalyst composition according to claim 40, wherein the transition 	etal 

catalyst precursor contains palladium. 

42. A catalyst composition comprising a palladium catalyst pre,  rsor and a 

phosphine ligand according to claim 9. 

43. A catalyst composition comprising a palladium Italyst precursor and a 

phosphine ligand according to claim 15. 

44. A catalyst composition comprising a ►  .11adium catalyst precursor and a 

phosphine ligand according to claim 39. 

45. A heterogeneous catalyst 	imposition comprising a ligand according to any 

one of claims 1-38 covalently bonded • • solid catalyst support. 

46. A method for s 	thesizing a secondary organic sulfonamide, comprising 

reacting an aryl nonaflate wi 	a primary sulfonamide in the presence of a palladium catalyst 

precursor and a ligand se , cted from those of formula (I). 

47. • 	ethod of performing a bond-forming reaction comprising catalyzing said 

reaction with a igand of formula (1), wherein the bond-forming reaction is selected from the 

group consi ing of carbon-nitrogen, carbon-oxygen, carbon-carbon, carbon-sulfur, carbon-

phospho • s, carbon-boron, carbon-fluorine and carbon-hydrogen. 

48. A method of forming a bond in a chemical reaction comprising catalyzing 

said reaction with a ligand of formula (1), wherein the bond is selected from the group 

consisting of a carbon-nitrogen bond, a carbon-oxygen bond, a carbon-carbon bond, a carbon- 
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sulfur bond, a carbon-phosphorus bond, a carbon-boron bond, a carbon-fluorine bond and a 

carbon-hydrogen bond. 

49. 	A method of preparing phosphacycles of formula (I) comprising: 

metylation of a biaryl halide to form a biaryl lithium species; 

reacting a chlorophosphate with said biaryl lithium species to form biary 

phosphonate; 

reduction of second product to form primary phosphine; and 

reacting primary phosphine with a divinylketone. 
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WE CLAIM: 

1. 	A compound having a structure corresponding to formula (I), 

R1-Ar1-X 

R2- Ar` 
, 

(I) 

or a salt thereof, 

wherein 

Ar' and A? are each independently aryl or heteroaryl, and wherein Ar' and Are  are each 

independently optionally substituted with one or more R' and R2, respectively; 

R' and R2  are independently selected at each occurrence from the group consisting of 

hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy; 

oxoallcyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino; 

dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered 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; 

hydroxyalkyl; hydroxyalkoxy; alkoxyallcyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'—C(0)-OR", L'—P(0)-(OR")2, or 

L'-S(0)2-0R", wherein L' is a bond or alkylene, and R" is selected from the group consisting of 

hydrogen, alkyl and hydroxyalkyl; L2-0—C(0)—R2', wherein L2  is a bond or alkylene, and R2' is 

alkyl or hydroxyalkyl; L3—C(0)—NR3'R4', wherein L3  is a bond or alkylene, and R3' and R4' are 

each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4— 

NR5'—C(0)—R6', wherein L4  is a bond or alkylene, R5' is hydrogen or alkyl, and R6' is alkyl or 

hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate; 

alkylthio; thioalkyl; and a ring containing an alkylene or —0—(CH2).-0— formed by the joining 

together of any two R' or any two R2  or an R' and an R2  , wherein m is 1, 2, 3 or 4; 

X is a 6-membered cyclic phosphine of formula (Ia): 
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RIO 	RH 

\/ 
/C--- 

A P 	1 

\,C 
,  R12 

R13  

(Ia) 

wherein ring A includes three carbon ring atoms in addition to the phosphorus and 2 

carbon ring atoms of formula (Ia); or 

X is a phosphine of formula (Ib): 

R11 
Rio 

CD 

Fe 

C7-) 

R12 	R13 	or 

(Ib) 

X is a 6-membered cyclic phosphine fused to Arl  to give a compound of formula (Ic): 

R14 
B 

R15 
R1-Arl  P \ 

RP  , 
R'Ar2  

(Ic) 

wherein, ring B is a phosphorus heterocyclic ring with four ring atoms in addition to the 

phosphorus and carbon ring atoms of formula (I-c), wherein said ring atoms are each 

independently selected from the group consisting of carbon, oxygen, nitrogen, phosphorus and 

sulfur, and 
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wherein the ring atoms of ring A and ring B are each independently optionally substituted 

with one or more substituents selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl; 

alkyl; alkylamino; alkylthio; alkynyl; aminoallcyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 

N,N,N-triallcylammoniumalkyl; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionally substituted with alkyl, 

alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; dialkylamino; halo; haloalkyl; 

fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an exocyclic double 

bond optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or 

heteroaryl; a 3- to 7-membered spiro ring containing zero, one, or two heteroatoms; phenyl 

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

LI-C(0)—OR", LI-P(0)-(0R1 ')2, or LI—S(0)2-0R", wherein LI  is a bond or allcylene, and RI' is 

selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; L2-0—C(0)—R2', wherein 

L2  is a bond or alkylene, and R2' is alkyl or hydroxyalkyl; L3—C(0)—NR3'e, wherein L3  is a 

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

hydrogen, alkyl, and hydroxyalkyl; L4—NR5'—C(0)—R6', wherein L4  is a bond or alkylene, R5' is 

hydrogen or alkyl, and R6' is alkyl or hydroxyalkyl; and L7—NR8'—S(0)2—R9', wherein L7  is a 

bond or allcylene, R8' is hydrogen or alkyl, and R9' is alkyl or hydroxyalkyl; 

RP  is selected from the group consisting of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, and 

heteroaryl, wherein RP  is optionally substituted with alkyl, alkenyl, allcynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; or RP  is a bridging group between the phosphorus and another B ring 

atom, wherein RP  is selected from the group consisting of alkylene, alkenylene, alkynylene, and 

4CR41R42  —u,--)q_  , wherein R41  and R42  are each independently hydrogen or alkyl, and wherein q 

is 1 or 2, and wherein RP  is optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, 

halo, haloalkyl or haloalkoxy; 

as to R1°, R", R12, and R13, 

i. 	RI°  or R" together with R'2  or R'3  form a ring; or 
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ii. 	RH) and  R" together with the carbon atom to which they are attached form a 

spirocyclic ring and/or R12  and R13  together with the carbon atom to which they are attached 

form a spirocyclic ring; or 

iii. one or more of R1°, R11, R12  and R13  form a ring together with a ring substituent of 

ring A; or 

iv. RH), R'  1 , K-12
,  and R13  do not form a ring,wherein R1°, R", R'2, and R'3  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; 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; hydroxyalkyl; allcoxyalkyl; 

aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; 

thioallcyl; L13—C(0)-0R14', L13—P(0)— (OR14.)2, or L13—S(0)2-0R14', wherein L13  is a bond or 

alkylene, and R14' is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; 

L15-0—C(0)—R16', 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—NR21'—C(0)—R22',  

wherein L2°  is alkylene, R211' is hydrogen or alkyl, and R22'  is alkyl or hydroxyalkyl; and 

as to R14  and R15, 

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

ring; or 

one or more of R14  and R15  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, aryl, cycloalkyl, 

heterocyclyl, or heteroaryl; heterocyclyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally substituted with alkyl, 
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alkenyl, alkynyl, alkoxy, cyano, halo, haloallcyl or haloalkoxy; phenyl optionally substituted with 

alkyl, alkenyl, alkynyl, allcoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; 

aminoalkyl; N-alkylaminoallcyl; N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; 

thioalkyl; L13—C(0)-0R14', L13—P(0)—(0R14')2, or L13—S(0)2-0R14' wherein 123  is a bond or 

alkylene, and R14' is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; 

L18--O—C(0)--R16' wherein L15  is alkylene, and R16' is alkyl or hydroxyalkyl; L17--C(0)— 
NRI8',..x  19'

,  wherein L17  is a bond or alkylene and R18' and R'9' are each independently selected 

from the group consisting of hydrogen, alkyl, and hydroxyalkyl; and L20---NR21'—C(0)—R22', 

wherein L2°  is alkylene, R21' is hydrogen or alkyl, and R22' is alkyl or hydroxyalkyl. 

2. 	The compound according to claim 1, said compound having a structure 

corresponding to a structure of a formula selected from the group consisting of formulae (I-1) - 

(I-42), or a salt thereof: 
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(1-39) 	 (1-40) 	 (I-41), and 

wherein 

(1-42) 

X is a 6-membered cyclic phosphine of formula (Ia) or a phosphine of formula (Ib); 

V I, V2, V3, and V4  are each independently CRI  or N; 

V5, V6, V7, V8  and V9  are each independently CR2  or N; 

WI , W2, an W3  are each independently selected from the group consisting of CRI, NRI, N 

and 0; 
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W4  is C or N; 

W5  is C or N; 

W6, W7, W8  and W9  are each independently selected from the group consisting of CR2, 

NR2, N and 0; and 

ring C, at each occurrence, is a fused-aryl or fused-heteroaryl and is optionally 

substituted with R' and R2. 

3. The compound according to claim 1 or claim 2, wherein X is the 6-membered 

cyclic phosphine of formula (Ia). 

4. The compound according to claim 1, wherein X is the 6-membered cyclic 

phosphine of formula (Ia) and wherein X is attached to an atom of Ar' adjacent to the atom 

bonded to Ar2. 

5. The compound according to claim 1 or claim 2, wherein X is a phosphine of 

formula (Id), or a salt thereof: 

R" 	R16 
R1°  

a, 	RI7 % 
) 

b' , 	R18  

R'2 

R13 	R19 

(Id) 

wherein 

one or more of R16, R'7, R18, and R19  optionally form a ring with R1°, R", R12, or R13; or 

R'7  together with R18  optionally form a carbonyl; an exocyclic double bond optionally 

substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a 3- to 

7-membered Spiro ring containing zero, one, or two heteroatoms, optionally substituted with 

alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or 
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R16 and R19  are each independently selected from the group consisting of hydrogen, halo, 

alkyl, haloalkyl, fluoroalkyl, alkenyl, and alkoxy; or 

R'7  and R18  are each independently selected from the group consisting of hydrogen; halo; 

fluoro; alkyl; alkenyl; alkynyl; haloalkyl; fluoroalkyl; alkyloxy; N-alkylamino; 

N,N-dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, 

halo, haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 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; arylalkyl 

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

hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 

N,N,N-tialkylammoniumalkyl; L1-C(0)-OR", LI-P(0)-(0R1 ')2, or LI-S(0)2-0R", wherein L' 

is a bond or alkylene, and R" is selected from the group consisting of hydrogen, alkyl and 

hydroxyalkyl L2-0-C(0)-R2', wherein L2  is a bond or alkylene, and R2' is alkyl or 

hydroxyalkyl; L3-C(0)-NR3'R4', wherein L3  is a bond or alkylene, R3' and R4' are each 

independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4- 

NR5'-C(0)-R6', wherein L4  is a bond or alkylene, and R5' is hydrogen or alkyl, R6' is alkyl or 

hydroxyalkyl; and alkylthio; and 

at least one of bonds a and b in formula (Id) is a single bond and one of bonds a or b is 

optionally a double bond. 

6. The compound according to claim 5, wherein R16  and R19  are hydrogen. 

7. The compound according to claim 5, wherein R'7  and R18  together with the 

carbon atom to which they are attached form a 3-, 4-, 5-, 6-, or 7-membered spirocyclic ring 

containing 0, 1, or 2 ring heteroatoms. 

8. The compound according to claim 5, wherein X is a phosphine having a 

structure corresponding to a formula selected from the group consisting of: 

- - 	 0R20 	1-P 
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1-23 1-24 1-25 1-26 1-27 

R2° 
N -R20 OR2° 

1-28 1-29 1-30 1-31 

R2° 

I`l -R2° OR20 
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0P P 0P P 
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 4 

E 
)n

p 

1-65 	 1-66 	 1-67 	 1-68 	1-69, and 

. 

- -P 	O  

. 

1-70 

or a salt thereof, wherein R" is selected from the group consisting of oxygen, NR20, and 

C(R20)2; 

R2°  is hydrogen, alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl, wherein the aryl, 

heteroaryl, aryl of arylalkyl and heteroaryl of heteroarylalkyl are optionally substituted with 

alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; and 

nis 0,1,or 2. 

9. The compound of claim 1, wherein Ar' and Ar2  are each aryl. 

10. The compound of claim 1, wherein Ar' is substituted with two RI  and Ar2  is 

substituted with three R2. 

11. The compound of claim 1, wherein R' is alkyloxy and wherein R2  is alkyl. 

12. The compound of claim 1, wherein R2  is isopropyl. 

13. The compound of claim 1, wherein X is a phosphine of formula (Id): 
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R" 	R I 6 
RI"  

. 
a % R17  

h 
> 

/ 	R is 

R 1 2 
19 

R13  

(Id) 

wherein each of R1°, R",  R'2, R13  is alkyl; 

R17  and R18  are each independently selected from the group consisting of hydrogen, or 

R'7  together with R18  optionally form a carbonyl or a 3- to 7-membered spiro ring containing 

zero, one, or two heteroatoms; 

each of R16  and R19  is hydrogen; and 

each of bonds a and b is a single bond. 

14. The compound of claim 13, wherein R'7  together with R18  form a 5-membered 

Spiro ring containing two heteroatoms. 

15. The compound of claim 14, wherein the two heteroatoms are each oxygen. 

16. The compound of claim 1, wherein R1°, R", R12, and R13  are each methyl. 

17. The compound of claim 2, said compound having the structure corresponding to 

formula (I-1) 

V2  
V3 •/ - -- 

\ 
VI 

I 	:  

X 

V5< -- V9  

I 	: 	: I 

V7  
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wherein 

V' and V4  are each CR', wherein R' at each occurrence is alkoxy; 

V2  and V3  are each CR', wherein R' at each occurrence is hydrogen; 

V5, V7  and V9  are each CR2, wherein R2  at each occurrence is alkyl; 

V6  and V8  are each CR2, wherein R2  at each occurrence is hydrogen; and 

X is a phosphine having a structure corresponding to a formula selected from the group 

consisting of formulae 1-1, 1-3 and 1-5. 

O 
. _ 

1-1 	 1-3 	 1-5 

18. The compound according to claim 1 or claim 2, wherein X is a phosphine of 

formula (Ib), 

R11 
Rio 

---), 
_i_p 	

Fe 

Cc—
I
_D 

R12 	
R13  

(Ib) 

or a salt thereof, 

wherein 

RH), R", R'2, and R'3 are, at each occurrence, independently selected from the group 

consisting of alkyl, aryl, heteroaryl, and a ring formed by joining together RI°  or R" with R'2 or 

R13. 

19. The compound of claim 18, wherein X is attached to an atom of Ar' adjacent to 
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the atom bonded to Are. 

20. The compound of claim 2, said compound having a structure corresponding to 

any of formulae (I-1) - (1-42), wherein X is a phosphine having a structure corresponding to a 

formula selected from the group consisting of formulae (Ia) and (lb). 

21. The compound of claim 20, said compound having a structure corresponding 

to formula (I-1), 

V2  
..\ V3/ 

 
,- - -, Vi 

V`i s 	' 
X 

V8 V8  

I 	:  I 
- 	V8 V-N.: ss 	- ,.,'  
V7  

(I-1) 

or a salt thereof, 

wherein 

V 1  and V4  are CR', wherein RI  is independently, at each occurrence, hydrogen or alkoxy; 

V2  and V3  are CR1, wherein RI  is independently, at each occurrence, hydrogen or alkoxy; 

V5  and V9  are CR2, wherein R2  is independently, at each occurrence, selected from the 

group consisting of hydrogen, alkoxy, alkyl, and dialkylamino; 

V6  and V8  are CR2, wherein R2  is independently, at each occurrence, hydrogen or alkoxy; 

V7  is CR2, wherein R2  is hydrogen or alkyl; and 

X is selected from the group consisting of phoshines of formulae 1-1, 1-2, 1-3, 1-4, 1-5, 

and 1-64. 
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22. 	The compound of claim 21, wherein the compound is selected from the group 

consisting of: 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropylbipheny1-2-yl)phosphinane; 

2,2,6,6-tetramethy1-1-(2',4',64riisopropylbiphenyl-2-yl)phosphinan-4-one; 

2,2,6,6-tetramethy1-1 -(2',4',6'-triisopropylbipheny1-2-yl)phosphinan-4-ol; 

7,7,9,9-tetramethy1-8-(2',4',6'-triisopropylbipheny1-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

8,8,10,10-tetramethy1-9-(2',4',6'-niisopropylbipheny1-2-y1)-1,5-dioxa-9-

phosphaspiro[5.5]undecane; 

3,3,8,8,10,10-hexamethy1-9-(2',4',64riisopropylbipheny1-2-y1)-1,5-dioxa-9-

phosphaspiro[5.5]undecane; 

1-(2'-(dimethylamino)-6'-methoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2',6'-bis(dimethylamino)bipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2',6'-dimethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2',6'-diisopropoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2'-(dimethylamino)bipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(biphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(3,6-dimethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 
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1-(3,6-dimethoxy-2',4',6'-trimethylbipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

2,2,6,6-tetramethy1-1-(2',4',64riisopropyl-3,6-dimethoxybipheny1-2-yl)phosphinan-4-

one; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropy1-4,5-dimethoxybiphenyl-2-yl)phosphinan-4-

one; 

1-(3',5'-dimethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphiman-4-one; 

1-(4'-tert-butylbipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

6-methoxy-N,N-dimethy1-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-

yl)bipheny1-2-amine; 

N2,N2,N6,N6-tetramethy1-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-

yl)biphenyl-2,6-diamine; 

8-(2',6'-dimethoxybiphenY1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

8-(2',6'-diisopropoxybipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

N,N-dimethy1-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-yl)biphenyl- 

2-amine; 

8-(bipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decane; 

8-(3,6-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8- 

phosphaspiro[4.5]decane; 

8-(3,6-dimethoxy-2',4',6'-trimethylbipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

7,7,9,9-tetramethy1-8-(2',4',64riisopropyl-3,6-dimethoxybipheny1-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

7,7,9,9-tetramethy1-8-(2',4',6'-triisopropy1-4,5-dimethoxybiphenyl-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 
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8-(3',5'-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

8-(4'-tert-butylbipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decane; 

and 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-yl)phosphinane. 

23. 	The compound of claim 20, said compound having a structure corresponding 

to formula (1-8), 

V2  

I 

V3  .-/ - 
\ 
- 	, 

 s  

V1  

, 	. 

.,.. 	.., 
- / 
V7  

(1-8) 

or a salt thereof, 

wherein 

V1  and V2  are each CRI, wherein RI  is, at each occurrence, hydrogen; 

V7  and V8  are each CR2, wherein R2  is, at each occurrence, hydrogen; 

V9  is CR2, wherein R2  is hydrogen; 

ring C at each occurrence is an unsubstituted fused-phenyl; and 

X is a phosphine having a structure corresponding to a formula selected from the group 

consisting of formulae 1-1, 1-3 and 1-5. 
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24. The compound of claim 23, wherein said compound is selected from the group 

consisting of: 

2,2,6,6-tetramethy1-1-(2-(naphthalen-l-y1)phenyl)phosphinan-4-one; and 

7,7,9,9-tetramethy1-8-(4-methy1-2-(naphthalen-1-yl)pheny1)-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

25. The compound of claim 20, said compound having a structure corresponding 

to formula (1-10), 

2 

• ' - - • 	V1  
."* 

- - - . 

H 
' • - 	- ' 	V8  

V7  

(1-10) 

or a salt thereof, 

wherein 

VI  and V2  are each CR', wherein RI  is, at each occurrence, hydrogen; 

V7  and V8  are each CR2, wherein R2  is, at each occurrence, hydrogen; 

V9  is CR2, wherein R2  is hydrogen or alkoxy; 

ring C at each occurrence is an unsubstituted fused-phenyl; and 
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X is a phosphine having a structure corresponding 

consisting of formulae 1-1, 1-3, and 1-5. 

to a formula selected from the group 	• 

O 

1-1 	 1-3 	 1-5 

26. The compound of claim 25, wherein said compound is selected from the group 

consisting of: 

1-(1,1'-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2'-methoxy-1,1'-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

8-(1,1'-binaphthy1-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decane; and 

8-(2'-methoxy-1,1'-binaphthy1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

27. The compound of claim 20, said compound having a structure corresponding 

to formula (I-9), 

V2  

I 

..\ V3/ 
 

- - - •, 

:' 

Vi 

V&s-.-- 
X 

V5  ,- - - - 	V9  

‘. 1 

(1-9) 

or a salt thereof, 

wherein 
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V', V2, V3, and V4  are each CR1, wherein R', at each occurrence, is hydrogen; 

V5, V8  and V9  are each CR2, wherein R2, at each occurrence, is hydrogen; 

ring C is an unsubstituted fused-phenyl; and 

X is a phosphine having a structure corresponding to a formula selected from the group 

consisting of formulae 1-1, 1-3, and 1-5. 

O 

O 

1-1 	 1 -3 	 1-5 

28. The compound of claim 27, wherein said compound is selected from the group 

consisting of: 

2,2,6,6-tetramethy1-1-(2-(naphthalen-2-yl)phenyl)phosphinan-4-one; and 

7,7,9,9-tetramethy1-8-(2-(naphthalen-2-yl)pheny1)-1,4-dioxa-8-phosphaspiro[4.5]decane. 

29. The compound of claim 20, said compound having a structure corresponding 

to formula (1-2), 

w2_ w1 

, 	
- - w4 	X  

V5/ -' V9  

I 	: 	1 

V7  

(1-2) 

or a salt thereof, 

wherein 

W' and W2  are each CRI, wherein R', at each occurrence, is hydrogen; 

172 



W3  and W4  are each N; 

V5, V6, V7, V8, and V9  are each CR2, wherein R2, at each occurrence, is hydrogen; and 

X is a phosphine having a structure corresponding to a formula selected from the group 

consisting of formulae 1-1, 1-3 and 1-5. 

O 

O 

1-1 	 1-3 	 1-5 

30. The compound of claim 29, wherein said compound is selected from the group 

consisting of: 

2,2,6,6-tetramethy1-1-(1-pheny1-1H-pyrazol-5-yl)phosphinan-4-one; and 

1-pheny1-5-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decan-8-y1)-1H-pyrazole. 

31. The compound of claim 20, said compound having a structure corresponding 

to formula (I-3), 

V2  / \ V3/ 
 .- - - - Vi 

1 	:‘ , 
.'• \t -.• 

X 

w5 
, ..N 

W6Z 	‘, W9  
V,  

w7 _ w8 

(I-3) 

or a salt thereof, 

wherein 

V', V2, V3  and V4  are each CR', wherein R' , at each occurrence, is hydrogen; 

W6, W7, W8  and W9  are each CR2, wherein R2, at each occurrence, is hydrogen; 
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W5  is N; and 

X is a phosphine having a structure corresponding to a formula selected from the group 

consisting of formulae 1-1, 1-3 and 1-5. 

f 
O 

1 -1 	 1-3 	 1-5 

32. The compound of claim 31, wherein said compound is selected from the group 

consisting of: 

1-(2-(1H-pyrrol-1-yl)pheny1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decan-8-yl)pheny1)-1H-pyrrole; 

and 

1-(2-(2,2,6,6-tetramethylphosphinan-l-yl)pheny1)-1H-pyrrole. 

33. The compound of claim 20, said compound having a structure corresponding 

to formula (I-4), 

w2—w1 

/ 	1  
W3  ' 	' . 	

- 	X w4 

I 
W5  

W6/  , _s  
,•

.7 	
, w9 

\ I 
,......)/ 

W7—W8  

(1-4) 

or a salt thereof, wherein 

WI  and W2  are each CRI, wherein R', at each occurrence, is hydrogen; 

W3  and W4  are each N; 
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W5  is C; 

W6  and W9  are each CR2, wherein R2, at each occurrence, is substituted or unsubstituted 

phenyl; 

W7  is N; 

W8  is NR2, wherein R2, at each occurrence, is phenyl optionally substituted with alkyl, 

alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; and 

X is a phosphine having a structure corresponding 

consisting of formulae 1-1, 1-3 and 1-5. 

to a formula selected from the group 

• -/-13 -1-P\ 	0 
O 

1-1 	 1-3 	 1-5 

34. The compound of claim 33, wherein said compound is selected from the group 

consisting of: 

2,2,6,6-Tetramethy1-1-(1',3',54riphenyl-l'H-1,4'-bipyrazol-5-y1)phosphinan-4-one; 

1'1',3',5'-Tripheny1-5-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decan-8-y1)-1'H- 

1,4'-bipyrazole; and 

1',3',5'-Tripheny1-5-(2,2,6,6-tetramethylphosphinan-l-y1)-1'H-1,4'-bipyrazole. 

35. A compound having a structure corresponding to formula (I-1), 

V2  
V3/-  

V*1  

V‘4
x 

V5/\ 
 
V9  

V7  
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or a salt thereof, 

wherein 

VI, V2, V3  and V4  are each CR', wherein R' is, at each occurrence, hydrogen; 

V5  and V9  are CR2, wherein R2  is independently, at each occurrence, hydrogen or alkyl; 

V6  and V8  are CR2, wherein R2, at each occurrence, is hydrogen; 

V7  is CR2, wherein R2  is hydrogen or alkyl; and 

X is a phosphine of formula 1-37. 

-p 	O  

1-37 

36. The compound of claim 35, wherein the compound is selected from the group 

consisting of: 

1,3,5,7-tetramethy1-8-(2',4',6'-triisopropylbipheny1-2-y1)-2,4,6-trioxa-8-

phosphatricyclo[3.3.1.13'7]decane; and 

8-(bipheny1-2-y1)-1,3,5,7-tetramethy1-2,4,6-trioxa-8-phosphatricyclo[3.3.1.13'7]decane. 

37. The compound of claim 1, said compound having a structure corresponding to 

formula (Ic), or a salt thereof, 

i. 	R14 
B R15 

R1-Arl  P \ 
RP 

R2-Ar2  

(Ic) 

38. The compound of claim 37, said compound having a structure corresponding 
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to formula (lc-1), 

2 

• " - ' %, 

i 	, B 
R14  

\i' ./\ P 

I R15  

V5  , • - - 

I. 

/„...-...,...„ 
- -, V9 

s: 

RP 

 

. s' 	- 	V8  
V7  

(Ic-1) 

or a salt thereof, 

wherein, 

V2, V3, and V4  are each independently CR1  or N; and 

V5, V6, V7, V8  and V9  are each independently CR2  or N. 

to 

39. 	The compound of claim 38, said compound having a 

formula (Ic-la), or a salt thereof, 

structure corresponding 

R1 4a 

V3  0 

:.  , 

\/•• - 
R14 

 

P 
I 	R15  

RP  ,..,-..„,.,. 
V5  , • " " - • , V9  

V s  ' 	- ' -..,....: — V „.../- V8  

(Ic—la) 

wherein, 
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R1411  is selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl; N- 

alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 

N,N,N-trialkylammoniumallcyl; substituted or unsubstituted arylalkyl; cycloalkyl optionally 

substituted with alkyl, alkenyl, allcynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; 

dialkylamino; halo; haloalkyl; fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted 

with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; 

hydroxyalkyl; phenyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; L'-C(0)-OR", L'-P(0)-(OR")2, or L'-S(0)2-OR", wherein Li  is a bond 

or alkylene, and R" is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; 

L2-0-C(0)—R2', wherein L2  is a bond or alkylene, and R2' is alkyl or hydroxyalkyl; 

L3-C(0)-NR3'R4', wherein L3  is a bond or alkylene, and R3' and R4' are each independently 

selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4—NR5'—C(0)—R6', 

wherein L4  is a bond or alkylene, R5' is hydrogen and alkyl, and R6' is alkyl or hydroxyalkyl; and 

L7-NR8'-S(0)2-R9', wherein L7  is a bond or alkylene, R8' is hydrogen or alkyl, and R9' is alkyl or 

hydroxyalkyl. 

40. 	A compound having a structure corresponding to formula (I), 

R1-Ar1-X 

R2-Ar2  

(I) 

wherein 

Art  and Ar2  are each independently aryl or heteroaryl, and wherein Ari  and Ar2  are each 

independently optionally substituted with one or more R' and R2, respectively; 

RI  and R2  are independently selected at each occurrence from the group consisting of 

hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy; 

oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino; 

dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl, 
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alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered 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; 

hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'—C(0)-0R", L'—P(0)-(OR")2, or 

L1-S(0)2-0R", wherein L' is a bond or alkylene, and R" is selected from the group consisting of 

hydrogen, alkyl and hydroxyalkyl; L2-0—C(0)—R2', wherein L2  is a bond or alkylene, and R2' is 

alkyl or hydroxyalkyl; L3—C(0)—NR3'e, wherein L3  is a bond or allcylene, and R3' and R4' are 

each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4— 

NR5'—C(0)—R6', wherein L4  is a bond or alkylene, R5' is hydrogen or alkyl, and R6' is alkyl or 

hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate; 

alkylthio; thioallcyl; and a ring containing an alkylene or —0—(CH2).--0-- formed by the joining 

together of any two R' or any two R2  or an R' and an R2  , wherein m is 1, 2, 3 or 4; 

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

R11 

Ri  
Q2 

---- 	Q3 (Ie) 

Q4 
R12 

R13 

wherein 

QI  is selected from the group consisting of a bond; —0-- , —S— , —N(R21)— , =C(R22)— , and 
_c(R

23)(R24)- ; 

Q2  is selected from the group consisting of a bond, —0— , —S— , —N(R25)— , =C(R26)— , and 
_c(R27)(R28)_ ; 

Q3  is selected from the group consisting of a bond, —0— , —S— , —N(R29)— , =C(R30)— , and 

—C(R32)(R3°)— ; 
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Q4  is selected from the group consisting of a bond, —0— , —S— , —N(R33)— , =C(R34)— , and 

—c(R35)(R36)-- ; 

Q5  is selected from the group consisting of a bond, —0-- , —S--- , —N(R37)— , 	(R38)— , and 

—C(R39)(R40)— ; and at least one of Q', Q2, Q3, Q4, and Q5  is not a bond; or 

two of Q1, Q2, Q3, Q4, or Q5  together form a carbonyl; an exocyclic double bond 

optionally substituted with alkyl, alkenyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a 

3-8-membered spiro ring containing zero, one, or two hetero ring atoms, optionally substituted 

with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 

as to RI°, RI%  R'2,  and  R'3, 

i. RI°  or R" together with R'2  or R'3  form a ring; or 

ii. RI°  and R" together with the carbon atom to which they are attached form a 

spirocyclic ring and/or R12  and R13  together with the carbon atom to which they are attached 

form a spirocyclic ring; or 

iii. one or more of R1°, R", R12  and R13  form a ring together with a ring substituent of 

ring A; or 

iv. RI°, Rill,  R'2, and R'3  do not form a ring, wherein RI°, RH, RI2  and R13  are each 

independently selected from the group consisting of 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; 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; hydroxyalkyl; alkoxyalkyl; aminoalkyl; 

N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; thioalkyl; L13—C(0)- 

0R14', L13—P(0)— (OR14')2, or L13—S(0)2-0R14', wherein LI3  is a bond or alkylene, and R14' is 

selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; L15-0—C(0)—R16', 

wherein LI5  is alkylene and R16' is alkyl or hydroxyalkyl; L17—C(0)—NRI8 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—NR21'—C(0)—R22', wherein L2°  is alkylene, R21' is 

hydrogen or alkyl, and R22'  is alkyl or hydroxyalkyl; and 
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-21 - K 	R4°  are, at each occurrence, independently selected from the group consisting of 

hydrogen, halo, fluoro, alkyl, haloalkyl, fluoroalkyl, alkenyl, alkynyl, alkyloxy, N-alkylamino, 

N,N-dialkylamino, N,N,N-trialkylannpniumalkyl; substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, substituted 

or unsubstituted phenyl; hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(0)-OR", LI-P(0)-(OR1')2, or 

L'-S(0)2-OR" where R" is hydrogen, alkyl or hydroxyalkyl and L' is a bond or alkylene; L2-0— 

C(0)—R2' where R2' is alkyl or hydroxyalkyl and L2  is a bond or alkylene; L3—C(0)—NR3'R4' 

where R3' and R4' are independently selected from H, alkyl, and hydroxyalkyl and wherein L3  is 

a bond or alkylene; L4—NR5'—C(0)—R6' wherein R5' is selected from H and alkyl, R6' is selected 

from alkyl and hydroxyalkyl, and L4  is a bond or alkylene; and alkylthio; or additionally one or 

more of R21  -R4°  form a ring with another of Rio
, 
 RI% R'2, R'3, and R21-R40. 

41. 	The compound according to claim 40, wherein X comprises a 4-membered ring. 

42. 	The compound according to claim 40, wherein X comprises a 5-membered ring. 

43. The compound according to claim 40, wherein X comprises a 7-membered ring 

or an 8-membered ring. 

44. The compound according to claim 40, wherein R1°, Rti
,  R12, and R13  are 

selected from the group consisting of alkyl, phenyl, and heteroaryl, or wherein RI°  or R" 

together with R12  or R13  form a ring. 

45. The compound according to claim 40, wherein X is a phosphine having a 

structure corresponding to a formula selected from the group consisting of 

.4---- 
---- 	FZ 	 P 4:,  

N...+ 

7-1 	2-2 	2-3 	2-4 	2-5 	2-6 
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Me 
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P P 	- OF 
1.1 10 

2-7 	2-8 	2-9 	2-10 	2-11 2-12 	2-13 

;,'1, 

P- - 

2-14 	2-15 	2-16 2-19 2-18 

46. 	The compound of claim 40, said compound having a structure corresponding 

to formula (I-1), 

V2  -,' _\, 
V3  .— ss VI 

V 	•: 

X 

V5  -- 
/ 

- -\ V9  

I 	: I 
V •--< - 	V - / 

V 

(I-1) 

or a salt thereof, 

wherein 

V', V2, V3  and V4  are each CR1, wherein R' is, at each occurrence, hydrogen; 
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V5  and V9  are CR2, wherein R2  is independently, at each occurrence, hydrogen or alkyl; 

V6  and V8  are CR2, wherein R2, at each occurrence, is hydrogen; 

V7  is CR2, wherein R2  is hydrogen or alkyl; and 

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 

O 

---)----i 	 0 

E zP 	 AP 	
_ _ 	

and-P 

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

47. The compound of claim 46, wherein the compound is selected from the group 
consisting of: 

1-(biphenyl-2-y1)-2,2,7,7-tetramethylphosphepan-4-one; 

1-(biphenyl-2-y1)-2,2,7,7-tetramethylphosphepane; 

2,2,7,7-tetramethy1-1-(2',4',6'-triisopropylbipheny1-2-yl)phosphepan-4-one; 

2,2,7,7-tetramethy1-1-(2',4',6'-triisopropylbipheny1-2-yl)phosphepane; 

2,2,8,8-tetramethy1-1-(2',4',6'-thisopropylbipheny1-2-yl)phosphocan-4-one; and 

2,2,8,8-tetramethy1-1-(2',4',64riisopropylbiphenyl-2-yl)phosphocane. 

48. A compound having a structure corresponding to formula (I), 

R1-Ar1-X 

R2-Ar2  

(I) 

or a salt thereof, 

wherein 

Arl  and Are  are each independently aryl or heteroaryl, and wherein Ar' and Are  are each 

independently optionally substituted with one or more RI  and R2, respectively; 
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RI  and R2  are independently selected at each occurrence from the group consisting of 

hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy; 

oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino; 

dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloallcyl or haloalkoxy; 5- or 6-membered 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; 

hydroxyallcyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-triallcylammoniumalkyl; L'—C(0) -0R'', L'—P(0)-(OR")2, or 

L'-S(0)2—OR", wherein L' is a bond or alkylene, and R" is selected from the group consisting of 

hydrogen, alkyl and hydroxyalkyl; L2-0—C(0)--R2', wherein L2  is a bond or alkylene, and R2' is 

alkyl or hydroxyalkyl; L3—C(0)—NR3'e, wherein L3  is a bond or alkylene, and R3' and R4' are 

each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4— 

NR5'—C(0)—R6', wherein L4  is a bond or alkylene, R5' is hydrogen or alkyl, and R6' is alkyl or 

hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate; 

al cylthio; thioalkyl; and a ring containing an alkylene or —0—(CH2)m-0— formed by the joining 

together of any two RI  or any two R2  or an RI  and an R2  , wherein m is 1, 2, 3 or 4; and 

X is a phosphine having a structure corresponding to formula 2-17 

irc 

2-17. 

49. 	A compound having a structure corresponding to formula (I), 

R1-Ar1-X 

R2-Ar` 
1 

(I) 

or a salt thereof, 
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wherein 

Arl  and Are  are each independently aryl or heteroaryl, and wherein Arl  and Are  are each 

independently optionally substituted with one or more R' and R2, respectively; 

R' and R2  are independently selected at each occurrence from the group consisting of 

hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy; 

oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino; 

dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered 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; 

hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoallcyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'—C(0)—OR", L'—P(0)-(OR")2, or 

L'-S(0)2-0R", wherein L' is a bond or alkylene, and R" is selected from the group consisting of 

hydrogen, alkyl and hydroxyalkyl; L2-0—C(0)—R2', wherein L2  is a bond or alkylene, and R2' is 

alkyl or hydroxyalkyl; L3—C(0)—NR3'k4', wherein L3  is a bond or alkylene, and R3' and R4' are 

each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4— 

NR5'—C(0)—R6', wherein L4  is a bond or alkylene, R5' is hydrogen or alkyl, and R6' is alkyl or 

hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate; 

alkylthio; thioallcyl; and a ring containing an alkylene or —0—(CH2)m-0— formed by the joining 

together of any two R' or any two R2  or an R' and an R2  , wherein m is 1, 2, 3 or 4; 

X is a phosphine of formula (Ia): 

Rlo 	R'1 
\/ 

-- /C 

A P 

D

\e 
12
z  
- 	1 

— 	R 13  

(Ia) 
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wherein ring A includes 0 to 9 ring atoms in addition to the phosphorus and 2 carbon ring 

atoms of formula (Ia), wherein said ring atoms are each independently selected from the group 

consisting of carbon, oxygen, nitrogen, phosphorus and sulfur; and 

wherein the ring atoms of ring A are each independently optionally substituted with one 

or more substituents selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl; 

alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 

N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionally substituted with alkyl, 

alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; dialkylamino; halo; haloalkyl; 

fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an exocyclic double 

bond optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or 

heteroaryl; a 3- to 7-membered spiro ring containing zero, one, or two heteroatorns; phenyl 

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

L1 -C(0)-OR", L'-P(0)-(OR")2, or L'-S(0)2-OR", wherein L' is a bond or alkylene, and R" is 

selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; L2-0-C(0)-R2', wherein 

L2  is a bond or alkylene, and R2' is alkyl or hydroxyalkyl; L3-C(0)-NR3'R4', wherein L3  is a 

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

hydrogen, alkyl, and hydroxyalkyl; L4-NR5'-C(0)-R6', wherein L4  is a bond or alkylene, R5' is 

hydrogen or alkyl, and R6' is alkyl or hydroxyalkyl; and L7-NR8'-S(0)2-R9', wherein L7  is a 

bond or alkylene, R8' is hydrogen or alkyl, and R9' is alkyl or hydroxyalkyl; and 

as to RI°, RII , R12, and R13, 

i. RI°  or R" together with R12  or R13  form a ring; or 

ii. RI°  and R" together with the carbon atom to which they are attached form a 

spirocyclic ring and/or R12  and R13  together with the carbon atom to which they are attached 

form a spirocyclic ring; 

wherein, any of substituents RI°, R", R'2, and R13  that do not form the ring set forth in (i) 

or (ii) are each independently selected from the group consisting of hydrogen; alkyl; 

alkenyl; haloalkyl; alkynyl; oxoalkyl; cycloalkyl optionally substituted with alkyl, 
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alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocyclyl optionally 

substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 

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; hydroxyalkyl; alkoxyalkyl; aminoalkyl; 

N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,N-trialkylammoniurnalkyl; thioallcyl; 
L13....c(0)_oR14', 
	13_ - 

	

L 	P(0)— (OR'4')2, or L13—S(0)2-0R14', wherein L13  is a bond or 

alkylene, and R14' is selected from the group consisting of hydrogen, alkyl and 

hydroxyalkyl; L15-0—C(0)—R16', wherein L15  is alkylene and R16' is alkyl or 

hydroxyalkyl; L17—C(0)—NR18'R19', wherein L'7  is a bond or alkylene, and R18' and R19.  

are each independently selected from the group consisting of hydrogen, alkyl, and 
... -- 21' hydroxyalkyl ; and L20—INK 	—C(0)—R 2', wherein L2°  is alkylene, R21' is  hydrogen or 

alkyl, and R22' is alkyl or hydroxyalkyl. 

50. 	The compound according to claim 49, said compound having a structure 

corresponding to a structure of a formula selected from the group consisting of formulae (I-1) - 

(1-42), or a salt thereof: 
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(1-39) 	 (1-40) 	 (1-41), and 

wherein 

(1-42) 

VI, V2, V3, and V4  are each independently CRI  or N; 

V5, V6, V7, V8  and V9  are each independently CR2  or N; 

W1 , W2, an W3  are each independently selected from the group consisting of CRI, 

and 0; 

Nit% N 

W4  is C or N; 
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W5  is C or N; 

W6, W7, W8  and W9  are each independently selected from the group consisting of CR2, 

NR2, N and 0; and 

ring C, at each occurrence, is a fused-aryl or fused-heteroaryl and is optionally 

substituted with RI  and R2. 

51. 	The compound according to any one of claims 49-50, wherein ring A is a 4-, 5-, 

6-, 7-, or 8-membered ring, and wherein each of the ring atoms in addition to the phosphorus 

and 2 carbon ring atoms of formula (Ia) are carbon. 

52. The compound according to claim 49, wherein ring A of formula (Ia) is bicyclic. 

53. The compound according to claim 49, wherein ring A of formula (Ia) is 

tricyclic. 

54. The compound according to claim 49, wherein X is a phosphine having a 

structure corresponding to a formula selected from the group consisting of: 

R20 

O 	 OH 	 il—R2o 	OR2° 

OR2°  

S 

1-23 	 1-24 	1-25 	1-26 	1-27 

0') R20  
0 

ii 	
si,R20 	ii 	OR20 

6 
MO 	 irr 

f-P P P P 	1.11r 

1-28 	 1-29 	 1-30 	1-31 

R20 

/:, 	 il\i—R20 

killif 

*

7/ 

	*/DR2°  

-FP 	 f-P 	 "FP 	 f* 	f-P 

1-32 	 1-33 	1-34 	1-35 	1-36 

193 



V-- 	
CF3  

0 	/----0 	 0 	----0 
0
0 
	 F3C 	°0 	CF 0 

P 	-FP 	; P 	FP- 	
3 

CF3 
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to 	III 	III 
-1--F0 	-i-F: 	0 

• III 	1111 
1-45 	. 	1-46 	1-47 	1-48, and 	1-49 

or a salt thereof, wherein R2°  is hydrogen, alkyl, aryl, heteroaryl, arylalkyl or 

heteroarylalkyl, wherein the aryl, heteroaryl, aryl of arylalkyl and heteroaryl of heteroarylalkyl 

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

haloalkoxy. 

55. 7,7,9,9-tetramethy1-8-(2',4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-y1)-1,4- 

dioxa-8-phosphaspiro[4.5]decane. 

56. A catalyst composition comprising a transition metal catalyst precursor and a 

compound according to any one of claims 1-55. 

57. The catalyst composition according to claim 56, wherein the transition metal 

catalyst precursor is selected from the group consisting of palladium, rhodium, ruthenium, 

platinum, gold, cobalt, iridium, copper and nickel. 

58. The catalyst composition according to claim 57, wherein the transition metal 

catalyst precursor contains palladium. 

59. A catalyst composition comprising a palladium catalyst precursor and a 

compound according to claim 8. 

60. A catalyst composition comprising a palladium catalyst precursor and a 

compound according to claim 18. 
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61. A catalyst composition comprising a palladium catalyst precursor and a 

compound according to claim 37. 

62. A catalyst composition comprising a palladium catalyst precursor and 7,7,9,9-

tetramethy1-8-(2',4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

63. A heterogeneous catalyst composition comprising a compound according to any 

one of claims 1-55 covalently bonded to a solid catalyst support. 

64. A method for synthesizing a secondary organic sulfonamide, comprising 

reacting an aryl nonaflate with a primary sulfonamide in the presence of a palladium catalyst 

precursor and at least one compound selected from the compounds of any one of claims 1-55. 

65. A method of performing a bond-forming reaction comprising catalyzing said 

reaction with a compound 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. 

66. A method of forming a bond in a chemical reaction comprising catalyzing said 

reaction with a compound 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. 

67. A method of preparing phosphacycles of formula (I) comprising: 

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

reacting a chlorophosphate with said biaryl lithium species to form a biaryl phosphonate; 

reduction of second product to form primary phosphine; and 

reacting primary phosphine with a divinylketone. 
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