
CLAIMS 

/ 
/
/ 

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

R1-Art -X 

R2-Ar2  

, (I) 	
/ 

7 

or a salt thereof, 	 / 

wherein 	 / / 

Ar t  and Ar2  are each independently aryl or heterdaryl, and wherein Ar' and Ar2  are each 

independently optionally substituted with one or mor 	RI  and R2, respectively; 

RI  and R2  are independently selected at e 	11 occurrence from thegroup consisting of 

hydrogen; amino; hydroxyl; cyano; halo; alkyValkenyl; alkynyl; haloalkyl; haloalkoxy; 

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

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

haloalkyl or haloalkoxy; cycloalkylo$ optionally substituted with alkyl, alkenyl, alkynyl, 

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

with alkyl, alkenyl, alkynyl, al194, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally 

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

hydroxyalkyl; hydroxyalk4y; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L I —C(0)—OR I ', L I—P(0)-(0R1 ')2, or 

L t-S(0)2—OR'', wherein L t  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 hydr7Yalkyl; 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; 
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alkylthio; thioalkyl; and a ring containing an alkylene or —0—(CH2)if,-0— formed by the oining 

together of any two RI  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): 	 / 
/ 

Rio 	R t I 

\ / 
/CM 

----' P 	A 
\ 
7I 	/ 

RI.2 	/ 
R13 	/ 

(1a) 	/  

wherein ring A includes three carbon 	ng atm s in addition to the phosphorus and 2 

carbon ring atoms of fonnula (la); 

/ 
/ 

/ 
/ 

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

or more substituents selected fr/om the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl; 

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

N,N,N-trialkylammoniunialkyl; 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 Kaloallcoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, 

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

bond o tionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or 

het 	oaryl; a 3- to 7-membered spiro ring containing zero, one, or two heteroatoms; phenyl 
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optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or h 	alkoxy; 

L1 -C(0)—ORI., LI-P(0)-(0R52, or LI—S(0)r-OR", wherein L1  is a bond or alkyle 	, and 111.  is 

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

L2  is a bond or alkylene, and R2' is alkyl or hydroxyalkyl; L3—C(0)—NR3.1e, 	herein L3  is a 

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

hydrogen, alkyl, and hydroxyalkyl; L4—NR51-C(0)—R6., wherein L4  is afiCind or alkylene, R5' is 

hydrogen or alkyl, and R6' is alkyl or hydroxyalkyl; and 1-7—Nle—S( 	R9', wherein L7  is a 

bond or alkylene, R8' is hydrogen or alkyl, and Rsr  is alkyl or h 	yallcyl; 

as to R1°, R", R12, and R13, 	
/ 

i. 121°  or R" together with R12  or R13  form 	ring; or 

ii. R1°  and R" together with the carbo 	tom to which they are attached form a 

spirocyclic ring and/or R12  and R13  together witli.ihe carbon atom to which they are attached 

form a spirocyclic ring; or 
/ 

iii. one or more of R10, R", R1rand R13  form a ring together with a ring substituent of 

ring A; or 

iv. RIO
, 
 RII, it n12,and R1,3/do not form a ring,wherein R m, R", R12, 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-trialkylatrunoniumalkyl; thioalkyl; L13—C(0)_ 

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

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

. re whe/L 15  is alkylene and R'6' is alkyl or hydroxyalkyl; L 	( 	)— 17-C 0 	NR1811t1 , 9' wherein L17  is a 

ni

in 

bo 	or alkylene. and Ws.  and RP?  are each independently selected from the group consisting of 
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hydrogen, alkyl, and hydroxyalkyl ; and L20—NR211C(0)—R22', wherein L2°  is alkyle 	R2I' is 

hydrogen or alkyl, and R22  is alkyl or hydroxyalkyl. 

/ 
/ 

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

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

(1-42), or a. salt thereof: / 

V2  
..---- 	-:-...., 	w2_ WI 	 V2  

„ 
V3  - 	• , 	V1 

 / 
;• 	- W.3„ 	

- 

V3  

.„..-". 	"---..,, 

• ' - - • 

/ 

yi 
w2— 

:w"...\

l 

N,-  W3  
w4 	 V4  ' •  K'  X 

w4 

I 5 5 
V5 	,• 	• 	V9  . W5 

,/. .....N.  

	

.." 	, .#\, 
,,  

	

w6 • 	w9 

W9  

V6  ‘• 	- • 	V8 	% 	
) / 

- - . 	V8 7 _ w8 
V7..-V. 	 V7 	 W —  we 
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Vz 

I 	:, 
•-,„,.. _ 

V5  ,, 

V6  
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 --j 
 
VS 

7 

- VI 	 •,..,:  

V7 V7 

(1-5) 	 (1-6) (I-7) 
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,2/2
,_ 
	VJ  / - — , 	 2 

V3 	- - — 	• , V1 	I i  V1  

1 	I 
X0 

- 

V 
X 

 /  

X / v4  ' - 
/ 

/ 

' V8 , 
/ 

d  V 	 V7  
V7  

(1-8) /0—  10)  (1-9) 	 (I-11) 

- V1 - 

/X X 

/ 
X 

 
V5 	V9 

V7  

(I-12) 	 (1-13) 	 (I-14) 	 (1-15) 
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/ 
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4 
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„ 

7  V -'jVs . 	• 
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V7 

(I-20) (I-21) (I-22) (1-23) 

/ 
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- 	' 	V1  -- 3 - .V1 V3, - _  

- ' 

We  We 5 
_ :N.‘  _ ...N 

W6  / 	', W9 	W6  / 	'. W9 	 W6  --
V  

-7  
,_,/}/ 
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1 / 	/ 	1 

	

\ t‘i., 	,'  _ w7_ w8 	 win w8 	 W7_ 8 
r 
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/ 
V2 	 v2   
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I ( 
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, 

W5 We 	 V N , V 

	/ 
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%, W9  / 
WS /

I 
/8 

(I-27) 	 / (1-28) (1-29) (1-30) 
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X X 
/ 

W5 
 N 

1/K / 
vv

I
5 , 

W6/ 
	

%, Wg I ) ‘,  W9 
 

/ W6  

8 I  / 
, 

/ 
W8  

(1-31) (1-32) 0-33y (1-34) 

/ 

/ 
WV—WI 

, W3 . 
w4 w4 w4 

1 / 1 1 
W5  / W5 W5 

6 V.,  - 	.. 	9 - w 	w V_ ,N,, / .." _ „‘.>„ 
I 	' 

w7_,.._ w8 a W7____ W8 

(1-35) 
	

(1-37) 
	

(1-38) 

/ 
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i 	 W 	
- V  W, ,   

N"..w4 	
W4 

1 	 / 	W5  5 	 W5 	 / 	-7..._:>, 

We  

(1-39) 	 (I-40) 	 (I-41), and 	/,/ 	 (1-42) 

wherein 

X is a 6-membered cyclic phosphine of formula (1a) or a phosphene of formula (I13); 

V t, V2, v , ,3, 
 and V4  are each independently CR' or N; 

/ 
V5, V6, V7, V8  and V9  are each in/dependently CR2  or N; 

W1 , W2, an W3  are each independently selected from the group consisting of CR', NR', 

and 0; 

N 

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, wherein X is the 6-membered cyclic 
/ 

pho 	hine of formula (la) and wherein Xis attached to an atom of Ar' adjacent to the atom 

ed to Ar2. ind

p  
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4. 	The compound according to claim I or claim 2, wherein X is a phosp ' e of 

formula (Id), or a salt thereof: 
i 

R11R16 	 /
/ 

8 111 /1  

u`. 	R17 

) - - / 	
R18  

RI2 
/ 

R13  

/ 
(Id) 	/ 

/ 
wherein 

one or more of R18, RIB, R18, and 12.19  optional 	form a ring with R1°, R11, R12, or R13; or 

R" together with R18  optionally form a c 	nyl; an exocyclic double bond optionally 

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

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

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

R16  and R19  are each independently selected from the group consisting of hydrogen. halo, 

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

R" and R18  are each in
/
dependently 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 s/ubstituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 

hydrox alkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 

N,N 	-trialkylanunoniumalkyl; LI-C(0)-0R", 1.1—P(0)—(0R52, or L1-4(0)2-0R1., wherein L1  
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is a bond or alkylene, and R1  is selected from the group consisting of hydrogen, alkyl 	d 

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— 
, 

NR51C(0)--R6 , wherein L4  is a bond or alkylene, and 

hydroxyalkyl; and alkylthio, and 

at least one of bonds a and b in formula (Id) 

R5  is hydrogen or allYyl, R 	is alkyl or 

is a single bond and one of bonds a or b is 

optionally a double bond. / 
/ 

4, wherein/R7'6  and Rig are hydrogen. 5. The compound according to claim 

6. The compound according to claim 4; whedin R'7  and R k8  together with the 

carbon atom to which they are attached form a 3-, 

containing 0, 1, or 2 ring heteroatoms. 

7. The compound according to claini 

4 	6-, or 7-membered spirocyclic ring 

4, wherein X is a phosphine having a 

structure corresponding to a formula selectedifr
/ 

 om the group consisting of: 

''') 
P\ 	

0/R2o 
‘—P 	

) (OD 

---- 	/ ..---- 	0 

1-1 	 1-2/ 1-3 	 1-4 

20 
OR20 

I- 
OR2° 

 NI: 
Rzo 

1-5 	 1-6 1-7 

Rzo -I ,I 
	NI 

D20 
/4-- 	

Rzo 	 R20 
n  

0 
/ 

/1-8 	 1-9 1-10 
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20 2( R , 
NP N  

‘S—R20 
0-ii 

0 8 
/ / 

1-11 	 1-12 1-13 	1 214 

---.. 

P 	O P 	0R20  
, 

0 	,7 
/ 

/ 

1-15 	 1-16 1-17 // 	1-18 

R20 OR2° 

OR2° 
a N

R 20 
 

R2° 

1-19 	 1-20 1-21 	 1-22 

R2° 
O 	/ 

/

/ 

 

OH N—R2o OR2° 

( ■ 

OR20 

NW 

1-23 	 i1-24 1-25 1-26 	1-27 

O 
Rzo 

N, R20 
Q 

OR2° 

1-28 7 	 1-29 1-30 	1-31 
/ 

Rza 

O 	k 	N — R20 k  0R20 	k  

 	Nor 5 Ilit Ilif 

R20 
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/ 
1-32 1-33 1-34 1-35 1-36 

P 	O P 01R2° 	- - // 

1-P
--7-1  

1-40 1-42 1-43 1-44 	/ 
/ 

/ * 

4 0 • ,/• • 
7,  

1-45 1-46 1-47 1-48 1-49 

\ \ 
----- 

1-50 1-51 1-53 1-54 

7 / 
1-55 / 	1-56 1-57 1-58 1-59 

''') 
k \ SR' 

-5P  )(0°D<  

1-60 / 1-61 1-62 1-63 1-64 
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SR2° 

P SR2° SP 
	

S 

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

R6  

- //, 

R" / 
/ 

1-70 	 / 
/ 

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

C(R20)2; 

R2°  is hydrogen, alkyl, aryl. hetcroaryl, aryfalkyl or heteroarylalkyl. wherein the aryl. 

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

alkyl, alkenyl, alkynyl, alkoxy, cyano, haloyhaloalkyl or haloalkoxy; and 

n is 0, 1, or 2. 	
// 

8. The compound of c)aim 1, wherein Ar' and Are  are each aryl. 

9. The compound c(f claim I, wherein Ar' is substituted with two R I  and A? is 

substituted with three R2. 	/ 1  

10. The comp6und of claim I, wherein RI  is alkyloxy and wherein R2  is alkyl. 

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

12. The compound of claim 1, wherein Xis a phosphine of formula (Id): 
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R11 R16 
R IO 

/ 
RI7 	 / a k 

_ p 

,' 	
RE8 	

/ 
 

RI3 	19  R 

(Id) 

wherein each of R1°, RI],   R'2, R1 3 	
/ 

is alkyl; 	 / 
/ 

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

R17  together with R18  optionally form a carbonyl or a 3-1/7-membered spiro ring containing 

zero, one, or two heteroatoms; 	 / 

each of R'6  and R'9  is hydrogen; and 

each of bonds a and b is a single bond. /  
/I , 

13. The compound of claim 1,2, wherein R17  together with R18  form a 5-membered 
7 

Spiro ring containing two heteroatoms/ 

/ 
14. The compound of claim 13, wherein the two heteroatoms are each oxygen. 

15. The compound of claim 1, wherein R10, R11, R12, and RI3  are each methyl. 

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

formula (1-1) 
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V2  .------ w
/ 

/ 
/ 

/ 

, 

V6, 
	

V8 

V7  

(I-1) 
/ 

wherein 	 / 
,/ 

V1  and V4  are each CR', wherein R' at each occ rrence is alkoxy; 

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

V5, V7  and V9  are each CR2, wherein R2/4 each occurrence is alkyl; 

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

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

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

''') \ 

2 '-lj  
.---- 

1-1 	 1-3 	 1-5 

17, / 	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 

form fa selected from the group consisting of foimulae (Ia) and (Ib). 

18. 	The compound of claim 17, said compound having a structure corresponding to 
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formula (I-1), 

V2  

	

...---- 	----, 

	

3  --- 	-, 	V' 	 / 
/ 

/ 

, / 

- • 
✓ // v  

(1-1) 	/ / 
/ 

or a salt thereof, 

wherein 

V I  and V are CR', wherein R1  is independently, at each occurrence, hydrogen or alkoxy; 

V2  and V3  are CRI , wherein R is independently, at each occurrence, hydrogen or alkoxy; / 

V5  and V9  are CR2, wherein R`
, 
 js 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 Reis hydrogen or alkyl; and 

and 

X is selected from tile group consisting of phoshines of fonnulae 1-1, 1-2, 1-3, 1-4, 1-5, 

1-64. 

'''') 
FP 	OR' 	P\ 	

/\ 
'1\/

0---. 

7 	 --- 	1 
 O' 

1-1 	 1-2 	 1-3 
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IP 

1-4 	 1-5 	 1-64/ 
/ 

19. 	The compound of claim 18, wherein the compound is seJcted from the group 

consisting of: 
/ 

2,2,6,6-tetramethy1-1-(2',4',6-triisopropylbiphenyl-2-yflpho 	hinane; 

2,2,6,6-tetramethy1-1-(2',4',6-triisopropylbiphenyl-2-y1 	osphinan-4-one; 

2,2,6,6-tetramethy1-1-(2',4',64riisopropylbiphenyl-241)phosphinan-4-01; 

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

phosphaspiro[4.5]decane; 

8,8,10,10-tetramethy1-9-(2',4',6'-triisopro 	(bipheny1-2-y1)-1,5-dioxa-9-

phosphaspiro[5.5Jundecane; 
/ 

3,3,8,8,10,10-hexamethy1-9-(2',41,0triisopropylbiphenyl-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(dimethylamind)biphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2',6'-dimethoxybihny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 
/ 

1-(2',6'-diisopropdxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

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

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

1-(3,,4iimethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

- 	,6-dimethoxy-21,41,6-tritnethylbiphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 
/ 

/2,2,6,6-tetramethy1-1-(2',4',6'-triisopropy1-3,6-dimethoxybipheny1-2-yl)phosphinan-4- 
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2,2,6,6-tetramethy1-1 -(2',4',6'-triisopropy1-4,5 -dimethoxybipheny1-2-yl)phosph 	an-4-

one; 

1-(3',5'-dimethoxybipheny1-2-y1)-2,2,6,6-ten-amethylphosphinan-4-one; / 

1-(4'-tert-butylbipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 7/ 

6-methoxy-N,N-dimethy1-21-(7,7,9,9-tetramethy1-1,4-dioxa-8-pho4phaspiro[4.5]decan-8- 

yl)b phenyl-2-amine; 	 ,/ 

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

yl)bipheny1-2,6-diamine; 	 7 / 

8-(2',61-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethyl 	4-dioxa-8- 

77  phosphaspiro[4.5]decane; 	 / 
/ 

8-(2',6'-diisopropoxybipheny1-2-y1)-7,7,9,9 	ramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

N,N-dimethy1-2'47,7,9,9-tetramethyl-144-dioxa-8-pho sphaspiro [4.5]decan-8-yl)biphenyl- 

2-ami e ; 	
//  / 

8-(biphenyl-2-y1)-7,7,9,9-tetra

/ 

	hy1-1,4-dioxa-8-phosphaspiro[4.5] decane ; 

8-(3,6-dimethoxybipheny1-2d1)-7,7,9,9-tetramethy1-1,4-dioxa-8- 

phosphaspiro[4.5]decane; 	/ 

8-(3,6-dimethoxy-2',4X6'-trimethylbipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane; / 

7,7,9,9-tetramethy1-8-(2',4',6'- 	sopropy1-3,6-dimethoxybipheny1-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]deeane; 

7,7,9,9-tetramethy1-8-(21,4',6'-triisopropy1-4,5-dimethoxybiphenyl-2-y1)-1,4-dioxa-8- 

phosphaspiroy4.51decane; 

/ 
8-p',5'-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethy1-1,4-dioxa-8- 

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

and 

ecane; 

2,2,6,6-tetramethy1-1-(2',4',6I-triisopropyl-3,6-dimethoxyb pheny1-2-yl)plisphinane. 

20. 	The compound of claim 17, said compound having a structure 

formula (I-8), 	
/ 

/ 

corresponding to 

V2   ..---"" 	"--,,, 
V3 	- - 

	

V 	
/ 

	

' 	/ 

I 	'‘ 
/ 

/ 
X 

 

V9 

V7  

(1-8) 

or a salt thereof, 

wherein 	 , 
/ / 

V' and V2  are each CR".(where n R' is, at each occurrence, hydrogen; 

V' and V8  are each,CR`
, 
 , 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 

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

from the group 
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) 	/ o- 

1-1 	 1-3 	 1-5/ 
/ 

21. The compound of claim 20, wherein said compound is selected from the group 

consisting of: 	
/ 

2,2,6,6-tetramethy1-1 -(2-(naphthalen-l-yl)phenyl)p liosphinan-4-one; and 

7,7,9,9-tetramethy1-8-(4-methyl-2-(naphthalen- Vyl)pheny1)-1,4-dioxa-8- 
/ 

phosphaspiro[4.5]decane. 	 / 

22. The compound of claim 17, said 

formula (1-10), 

having a structure corresponding to comptind 

/ 

•,., 	V' 

/ 

/ / V7 
/ 

(I-10) 

or a salt thereof, 

wherein 

V I  and,8,22  are each CR1 , wherein R is, at each occurrence, hydrogen; 
/ 

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

/9 is CR2, wherein R2 is hydrogen or alkoxy; 

/V  ring C at each occurrence is an unsubstituted fused-phenyl; and 
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X is a phosphine having a structure corresponding to a formula selected from th/group 

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

/ 
/ 

) 

, 

1-1 	 1-3 	 / 1-5 

23. The compound of claim 22, wherein said compound is selected from the group 

consisting of: 	 / 
/ 

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

1 -(21 -methox y-1,1 cbinaphthy1-2-y1)-2,2,6,6-tetraniethylphosphinan-4-one; 

8-(1,1'-binaphthy1-2-y1)-7,7,9,9-tetramethy1-1 	-dioxa-8-phosphaspiro[4.5]decane, and 

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

phosphaspiro[4.5]decane. 
/ 

24. The compound of claim 11, said compound having a structure corresponding to 

formula (I-9), 	 /  

..•*"...V2 
 

:-.----, 
/ 	 V3  • • - 	• 	V1  

/ 

i v4 ,  

x 

V5  . V9  

- 	• vs 

/or a salt thereof, 
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wherein 

V', V2, V3, and V' are each CR', wherein R I , at each occurrence, is hydrog 	; 
/ 

V5, V8  and V9  are each CR', 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. 	 / 

/ 

I-P\ 	0 	 ' 	- -) 	) 
„--"" 	 0-1,/ 

1-i 	 1-3 	/ 	 1-5 

25. The compound of claim 24, where 	said compound is selected from the group 

consisting of: 
/ 

2,2,6,6-tetramethy1-1-(2-(naphthalen2tyl)phenyl)phosphinan-4-one; and 

/ 
7,7,9,9-tetramethy1-8-(2-(naphthalen-2-yl)pheny1)-1,4-dioxa-8-phosphasp 	o[4.5]elecane. 

/ 
26. The compound of claim 17, said compound having a structure corresponding to 

formula (I-2), , / / 
w2_ w1 

.N
.•
..

31'  - - 2:,:k 
- 	 X w4 

Ve  \,:" 	„..•••"- V8  
V7  

7 	
(1-2) 

/or a salt thereof 
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wherein 

W I  and W2  are each CR', wherein R I , at each occurrence, is hydrogen; 	// 

W3  and W4  are each N; , / 

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

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

cons sting of formulae 1-1, 1-3 and 1-5. 
/ 

_ 
0-- 

1-1 1-3 	/ 	 1-5 

27. The compound of claim 

consisting of: 

26, where' 	said compound is selected from the group 

2,2,6,6-tetramethy1-1-(1-pheny1-1H-pyrazol-5-y1)phosph nan-4-one; and 

1-phenyl-5-(7,7,9,9-tetramethy1-1 -dioxa-8-phosphaspiro[4.5Jdecan-8-y1)-1H-pyrazole. 

28. The compound of claiin 

formula (1-3), 	
,,` 

17, said compound having a structure corresponding to 

V2  
----.., 

V3 	.- - -• V' 

14,  

W5  
V : N  

W6  ,-- ', W9  

\ ‘,..,
- 

,/ 
w7w8 

(I-3) 

/or a salt thereof, 
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wherein 

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

Wt, 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 s lected from the group 

cons sting of formulae 1-1, 1-3 and 1-5. 	 / 

0 	/ 7   
-1- 	 / 	i-P\ 	2 

0'7/ 	...-/ / 

1-1 	 1-3 	 1-5 

29. The compound of claim 28, where' 	said compound is selected from the group 

consisting of: 

1-(2-(1H-pyrrol-1-yl)pheny1)-2,2,6,62tetramethylphosphinan-4-one; 

1-(2-(7,7,9,9-tetramethy1-1,4-diox0-1/8-phosphaspiro[4.5)decan-8-y1)phenyl)-1H-pyrmle; 

and 
 

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

30. The compound'of claim 17, said compound having a structure corresponding to 

	

formula (I-4), 	 / 

w2-w1 

/ 	, 
' 

N: 	 X 

	

/, 
	 w4 

/ 
/ 

w5 

.", _1N, 
ws 

 

7
_w

8  
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(1-4) 

or a salt thereof, wherein 

Wi  and W2  are each CR!, wherein R I , at each occurrence, is hydrogen; 

W3  and W4  are each N; 

W5  is C; , 

W6  and W9  are each CR2,  wherein R2, at each occ 	encc(is substituted or unsubstituted 

phenyl, 	 / / / 

W7  is N; 

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

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

/ / 
X is a phosphine having a structure corr/sponding to a formula selected from the group 

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

'N'') 
P \ ) 2 

1 	 1 -3 	 1-5 

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

consisting of: 

2,2,6,6-Tetramethy1-1 -(1',3',5'-triphenyl -1 'H-1,4'-bipyrazol-5-yl)phosphinan-4-one; 

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

1,4'-bipyrazol,,, and 

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

/32. A compound having a structure corresponding to formula (I-1), 
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V2  
..-V.' 	,.... 3 	. - - - • Vi  

X 	 / 

/ 

, 
V7 	 / 

/ 

(1-1) 

or a salt thereof, 	 / 
/ 

, 
wherein 	 /.../ 

V I , V2, V3  and V4  are each CR', wherein Ri  s, at each occurrence, hydrogen; 

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

V6  and V8  are CR2, wherein R2, at e$h occurrence, is hydrogen; 

V7  is CR2, wherein R2  is hydrogyfior alkyl; and 

X is a phosphine of formula
/  

 1-37. 

1-37 

wherein the compound is selected from the group 33. 	The compound of claim 32, 

consisting of: / 

1,3'A 
517-tetramethy1-8-(2',4',6'-tr sopropylbipheny1-2-y1)-2,4,6-trioxa-8- 

losphatriCyclo[3.3.1.13'7]decane; and 

/8-(bipheny1-2-y0-1,3,5,7-tetramethy1-2,4,6-trioxa-8-phosphatricyclo[3.3.1.13'7]decane. 

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

R1-Arl-X 
I 

R2-Ar2  
/ 

(I) 	,/ 

wherein 

ATI  and A? are each independently aryl or 	tennaryl, and wherein Ar' and A? are each 

independently optionally substituted with one or, 	ore RI  and R2, respectively; 

R I  and R2  are independently select 	at each occurrence from the group consisting of 

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

oxoalkyl; alkoxy; aryloxy, heteroaryl 	y; arylamino; heteroarylamino; alkylamino; 

dialkylamino; cycloalkyl optionally,4ubstituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; cycloall6loxy optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkylior haloalkoxy; 5- or 6-membered heteroaryl optionally substituted 

with alkyl, alkenyl, alkynyk alkoxy, cyan, halo, haloalkyl or haloalkoxy; phenyl optionally 

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

hydroxyalkyl; hydrox‘lkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

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

LI-S(0)2-0R1.4herein LI  is a bond or alkylene, and RI.  is selected from the group consisting of 

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

alkyl or 	droxyalkyl; L3—C(0)—NR3'le, wherein L3  is a bond or alkylene, and R3' and R" are 

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

/s1R5.—C(0)—R6', wherein L4  is a bond or alkylene, R5I  is hydrogen or alkyl, and R6' is alkyl or 
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hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; su ate; 

alkylthio; thioalkyl; and a ring containing an alkylene or —0—(CH2)„,-0— formed by 	e joining 

together of any two R1  or any two R2  or an R I  and an R2  , wherein m is 1, 2, 3 or 1; 

Xis a phosphine of formula (Ie), or a salt thereof, 

Ri  

Ri  
Q2 

1 	

\ 
Q3 

/ 	
(I/ 

Q 4 „....--- 
Rig 	Q5 

Ri3 

wherein 

Q1  is selected from the group consisting o a bond; 	0 	, 	S 	, 	N(R21)— , =C(R22 )— , and 

_c(R23)(R24)_ ; 	 / 

/ 
Q2  is selected from the group consi$ing of a bond, 	0 	, 	S 	N(R25)  , =C(R26)— , and 

/ 
_c(R27)(Rzs)_ ; 

/ 

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

—C(R3z)(R3°)—;  

Q4  is selected from he/group consisting of a bond, 	0 	, 	S 	, 	N(R33)— , =C(R34)— , and 

—C(R35)(R36)—; 

Q5  is selected ftom the group consisting of a bond, 	0 	, 	S 	, 	N(R37)— , =C(R38)— , and 

_c(R39)(R40)_ ; and at least one of Q1 , Q2, Q3, Q4, and Q5  is not a bond; or 

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

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

3-8-membe4ed spiro ring containing zero, one, or two hetero ring atoms, optionally substituted 

with all yl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 

as to R10, R 	tcII
,

n12
,  and R13, 
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i. RI°  or R11  together with R12  or R13  forma ring; or 

ii. R1°  and RH  together with the carbon atom to which they are attar 	form a 

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

form a spirocyclic ring; or 	 // 
/ 

iii. one or more of R1°, RH, R12  and R13  form a ring together/With a ring substituent of 

ring A; or 	/ 

iv. R1°, RH, R12, and R13  do not form a ring, wherein"), RH, R12  and R13  are each 

1nd'ependently selected from the group consisting of alkyl; alk 	yl; haloalkyl; alkynyl; oxoalkyl; 

cycloalkyl optionally substituted with alkyl, alkenyl, alkyny , alkoxy, cyano, halo, haloalkyl or 

haloalkoxy; heterocyclyl optionally substituted with alky,1 alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; heteroaryl optionally substituted with alkyl. alkenyl, alkynyl, alkoxy, 

cyano, halo, haloalkyl or haloalkoxy; phenyl optio 	ly substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; by roxyalkyl; alkoxyalkyl; aminoalkyl; 

N-alkylaminoalkyl; N,N-dialkylaminoalkyl; 	,N-trialkylammoniumalkyl; thioalkyl; L13—C(0)— 
oR14', 	13_ • L 	P(0)— (OR141)2, or L13-8(0) 	14', wherein L13  is a bond or alkylene, and R14' is 

selected from the group consisting of h 	gen, alkyl and hydroxyalkyl; L15-0—C(0)—R'6 , 

wherein L15  is alkylene and R16•  is al 	1 or hydroxyalkyl; L17—C(0)—NR18.1119', wherein L'7  is a 

bond or alkylene, and R18' and R19,./are each independently selected from the group consisting of 

hydrogen, alkyl, and hydroxyalyyl ; and L2°—NR21.—C(0)—R22., wherein L2°  is alkylene, R21' is 

hydrogen or alkyl, and R22• iValkyl or hydroxyalkyl; and 

R21  -R4°  are, at eacii 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-trialkylammoniumalkyl; substituted or unsubstituted cycloalkyl, 

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, substituted 

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

N,N-diallcy4inoalkyl; N,N,N-trialkylammoniumalkyl; L1 -C(0)-0R1 ', L1 -11(0)-(0R1 ')2, or 

L1-S(0 	RI.  where RI.  is hydrogen, alkyl or hydroxyalkyl and L1  is a bond or alkylene; L2-0— 

C(0 	where R2' is alkyl or hydroxyalkyl and L2  is a bond or alkylene; L3—C(0)—NR312.4.  

R3' and R4  are independently selected from H, alkyl, and hydroxyalkyl and wherein L3  is 
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a bond or alkylene; L4—NR5'—C(0)--R6' wherein R5  is selected from H and alkyl, R6  is lected 

from alkyl and hydroxyalkyl, and L4  is a bond or alkylene; and alkylthio; or addition ly one or 
21 more of R :,-.40 ic 	form a ring 1° 	, —, with another of R, R1t 	12 

K 
12 	

21 	40 R -, and R-R . 

35. The compound according to claim 34, wherein X comprises /4-membered ring. 
/ 

/ 
36. The compound according to claim 34, wherein X comprises a 5-membered ring. 

37. The compound according to claim 34, wherein X comprises a 7-membered ring 

or an 8-membered ring. / 

38. The compound according to claim 34, wherein ,R1°, RH, R '2, and R13  are 

selected from the group consisting of alkyl, phenyl, and hete/roaryl, or wherein R1°  or R il  

together with R12  or R13  form a ring. 
/ 

/ 
/7  

39. The compound according to claim 34 wherein X is a phosphine having a 

structure corresponding to a fornmla selected fro the group consisting of 

/ 111 
/ 

411  

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

, 
/ 

/ ilk Me 

e 
Arn 

P a E P 
AI 

IP 
2-7 	2778 2-9 2-10 2-11 2-12 2-13 

/ 0 
/ 

O ) y_ 
and 

\ 
/ 
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2-14 2-15 	2-16 	2-18; and 	 2-19 

40. 	The compound of claim 34, said compound having a structure co espo ding to 

formula (1-1), 	 / 
/ 

/ 
V' ...-- 	-...„ 

V3  -- - 	V' 
1 	/ 

• 
4 

X 

, V9  / 

V6\ 

 
jIB / 

// 
V7  

(I-1) 

or a salt thereof, 
/ 

wherein 	 / , 
/ 

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

V5  and V9  are CR2, wherein 	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  1S 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 

0 

"N„,,,-,0 ic / 
-P  p 	/ 	-FP  and 	p 

/ 

/ 

> \ \ 

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

co 
/ 41. 	The compound of claim 40, wherein the compound is selected from 

sisting of: 
the group 
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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-triisopropylbiphenyl-2-yl)phosphepan-4-one; 
/ 

2,2,7,7-tetramethy1-1-(2',4',6-triisopropylbiphenyl-2-yl)phospKepane: 

2,2,8,8-tetramethy1-1-(2',4',6-triisopropylbiphenyl-2-y1)pbosphocan-4-one; and 

2,2,8,8-tetramethy1-1-(2',41,61-triisopropylbiphenyl-2-yl<phosphocane. 

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

R1-Art-X / 
7 
-A  

I 
 r • 

7  / 
R- 

( 
or a salt thereof, 

wherein 	 ,/ 
/ 

Q 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; 

121  and R2  are independentlyiselected at each occurrence from the group consisting of 

hydrogen: amino; hydroxyl; cyaito; 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, lialoalkyl 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; 

hydroxyalkyll; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialltYlaminoalkyl; N,N,N-trialkylammoniumalkyl; L'—C(0)—OR', Li—P(0)-(0e)2, or 

LI-S( 	RI., wherein L I  is a bond or alkylene, and RI.  is selected from the group consisting of 

by 	gen, alkyl and hydroxyalkyl; L2-0—C(0)—R2', wherein L2  is a bond or alkylene, and R2' is 
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alkyl or hydroxyalkyl; L3—C(0)—NR3'R4', wherein L3  is a bond or alkylene, and R3' 	d le are 

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

NR5 —C(0)—R6', wherein L4  is a bond or alkylene, R5' is hydrogen or alkyl, and 	6'  is alkyl or 

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

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

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

X is a phosphine of formula (Ia): 

RT 	R" 
\ / 
C 

I Riz 
R13  

(s) 

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

atoms of formula (la), wherein said rills/atoms are each independently selected from the group 

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

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

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

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

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

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

alkenyl, alkynyl, allcoxy, 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, cyino, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an exocyclic double 

bond o 	tonally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or 

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

o 	tonally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 
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L'-C(0)—OR", L'-P(0)-(OR'')2, or L'—S(0)2-0R1 ', wherein L' is a bond or alkylene, 	u R" is 

selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; L2-0—C(0 	' 2', wherein 

L2  is a bond or alkylene, and 122' is alkyl or hydroxyalkyl; C—C(0)—NR312.4., 	in L3  is a 

bond or alkylene, and R3' and R4' are each independently selected from the 1 , 	. consisting of 

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

hydrogen or alkyl, and 126' is alkyl or hydroxyalkyl; and C—NRw—S(0,41.8', wherein L' is a 

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

as to RI°, R'', R'2, and R'3, 	 . 
/ 

1210  or R11  together with R'' or R i3  form a ring;/6r 
/ 

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

spirocyclic ring andior R12  and R13  together with the 	n atom to which they are attached 

form a spirocyclic ring; 

wherein, any of substituents R'°, R", 1212  and R'3  that do not form the ring set forth in 

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

alkenyl; haloalkyl; alkynyl; oxoalkyl; cycloalkyl optionally substituted with alkyl, 
/ 

alkenyl, alkynyl, alkoxy, cyano, 	alo, haloalkyl or haloalkoxy; heterocyclyl optionally 

1/
11 

substituted with alkyl, allceny
/ 
 , 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,Yaloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl; 

(i) 

N-allcylaminoalky/N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; thioalkyl; 

L13—C(0)—OR',47:123—P(0)— (OR14)2, or L13—S(0)2-0R14., wherein L13  is a bond or 

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

hydroxyalkyl; L'5-0—C(0)—R'6', wherein L'5  is alkylene and RI6' is alkyl or 

hydroxyalkyl; L"—C(0)—NR'8'R19 ', wherein L" is a bond or alkylene, and R18 ' and R'9 
are pzh independently selected from the group consisting of hydrogen, alkyl, and 

lyjdroxyalkyl ; and 120—NR21 —C(0)—R22., wherein L2°  is alkylene, R2 ' .  is hydrogen or 

/ alkyl, and R22.  is alkyl or hydroxyalkyl. 

43. 	The compound according to claim 42, said compound having a structure 
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corresponding to a structure of a formula selected from the group consisting of formt 

(1-42), or a salt thereof: 
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, 	 3 	' , 	• 
W, 	,3  I 	 IN',wII 4 - 'N W 

I 	I 
I 5 	 w  / 	5  5 	 W5 	 / 7 W ,„:>., 
- -IIIN, 	 6 	9 	/W5  / 	' W9  

W9 	 / 

1 - 	 / 

(I-39) 	 (1-40) 	 (I-41),/and 	 (1-42) 

wherein 

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

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

V, W2, an W3  are each independently selected from the group consisting of CR I , NR', N 

and 0; 

W4  is C or N; 

W5  is C or N; 

W6, W7, W8  and We 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,ie and R2. / 

44. / 	The compound according to any one of claims 42-43, wherein ring A is a 4-, 5-, 

6-, 7-, o 
/

r 8-membered ring, and wherein each of the ring atoms in addition to the phosphorus 
/ 

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

45. The compound according to claim 42, wherein ring A of formula (Ia) is bicyclic. 
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46. The compound according to claim 42, wherein -ing A of 	 

tricyclic. 

fo, mula (Ia) ' 

/ 
47. The compound according to claim 42, wherein X is a phosphinilhaving a 

structure corresponding to a formula selected from the group consisting on/ 
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1-45 	1-46 	1-47 	1-48, and 	149 

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

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

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

haloalkoxy. 	 / 
/ 

48. 7,7,9,9-tetramethy1-8-(2',4',6-triisopropy1-3,6-dimethoiybipheny1-2-y1)-1,4- 
/ 

dioxa-8-phosphaspiro[4.5]decane. 
/ / 

/ 
49. A catalyst composition comprising a transition flietal catalyst precursor and a 

/ 
compound according to any one of claims 148. 

/ 
50. The catalyst composition according to c im 49, wherein the transition metal 

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

platinum, gold, cobalt, iridium, copper and nicke 

51. The catalyst composition acco 	ing to claim 50, wherein the transition metal 

catalyst precursor contains palladium. 	/
/ 

52. A catalyst composition omprising a palladium catalyst precursor and a 

compound according to claim 7. 

53. 	A catalyst compo ttion comprising a palladium catalyst precursor and 7,7,9,9- 

tetramethy1-8-(2',4',64riisopropyl-3,6-dimethoxyhiphenyl-2-y1)-1 ,4-dioxa-8- 
/ 

phosphaspiro[4.5]decane./ 

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

one of claims 1-48,63valently bonded to a solid catalyst support. 

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

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

precursor/8nd at least one compound selected from the compounds of any one of claims 1-48. 

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

re 	lion with a compound of any one of claims 1-48, wherein the bond-forming reaction is 

elected from the group consisting of carbon-nitrogen, carbon-oxygen, carbon-carbon, carbon- 
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sulfur, carbon-phosphorus, carbon-boron, carbon-fluorine and carbon-hydrogen. 

57. A method of forming a bond in a chemical reaction comprising ca 	yzing said 

reaction with a compound of any one of claims 1-48, wherein the bond is sel ed from the 

group consisting of a carbon-nitrogen bond, a carbon-oxygen bond, a carboiii-carbon bond, a 

carbon-sulfur bond, a carbon-phosphorus bond, a carbon-boron bond, a carbon-fluorine bond 

and a carbon-hydrogen bond. 
/1 

/ 
58. A method of preparing phosphacycles of any one of claims 1-48 comprising: 

metalation of a biaryl halide to form a biaryl lithium spir es; 

reacting a chlorophosphate with said biaryl lithium s 	cies to 

reduction of second product to form primary pho 	Nine; and 

reacting primary phosphine with a divinylket 	e. 

form a biaryl phosphonate; 

/ 

/ 
/ 

, / / 
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CLAIMS 

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

R1-Ar1-X 

R2-Ar2  

(I) 

or a salt thereof, 

wherein 

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

Ar e  are each independently optionally substituted with one or more RI  and R2, 

respectively; 

R I  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; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; LI-C(0)-OR', LII- 

P(0)-(ORI.)2, 	LI-S(0)2--ORI., 	LI  is 	bond 	 RI.  is or 	 wherein 	a 	or alkylene, and 	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 I  or any two R2  or an R1  and an R2  , 

wherein m is 1, 2, 3 or 4; 
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X is a 6-membered cyclic phosphine of formula (Ia): 

Rio 	Ril 

\ / 

—P/  A 

R12/  
R i  3  

(Ia) 

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

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

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 heteroatoms; phenyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; L'-C(0)-OR", L'-P(0)-(OR' )2, or LI- 

S(0)2-ORP, wherein L I  is a bond or alkylene, and R1 ' 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 12-N0'- 

5(0)2-R9', wherein L' is a bond or alkylene, Rir  is hydrogen or alkyl, and R9' is alkyl 

or hydroxyalkyl; 
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as to R1°, R11, R12, and R13, 

i. RI°  or R" together with R12  or R'3  form a ring; or 

ii. R1°  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. R10, R", R12, and R13  do not form a ring,wherein R1°, Rii, R12, 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-trialkylarnmoniumalkyl; thioalkyl; 

L13—C(0)-0R14., L13-P(0)- (OR14.)2, or L13—S(0)2-0R14., wherein 1.13  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)—NR18.12.19., 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. 

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) - (1-42), or a salt thereof: 
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wherein 

VI, V  ..2, V- 3  , and V4  are each independently CR1  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 

CR1, NR1, N and 0; 

W4  is C or N; 

W5 isCorN; 

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 R1  and R2. 

3. The compound according to claim 1, wherein Xis attached to an 

atom of Ar1  adjacent to the atom bonded to Al. 

4. The compound according to claim 1 or claim 2, wherein X is a 

phosphine of formula (Id), or a salt thereof 

R11 	R16 

R1 ' 
-1—P 

' 

i 

	

R ix 

R13  R19  

(Id) 

wherein 

one or more of R16, R17, R18, and R19  optionally form a ring with RI°, R", R ii
, 

 

or R13; or 

R17  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, 
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optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or 

heteroaryl; or 

R16  and R19  are each independently selected from the group consisting of 

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

R17  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-trialkylammoniumalkyl; L1 -C(0)—OR", L'—P(0)—(0R52, or L'—S(0)2-0R1., 

wherein L1  is a bond or alkylene, and R1 ' 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, 

R3' and R4.  are each independently selected from the group consisting of hydrogen, 

alkyl, and hydroxyalkyl; L4—NR5.—C(0)—R61, 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 bin formula (Id) is a single bond and one of bonds 

a or b is optionally a double bond. 

5. The compound according to claim 4, wherein R16  and R" are 

hydrogen. 

6. The compound according to claim 4, wherein R17  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. 

7. The compound according to claim 4, wherein X is a phosphine 

having a structure corresponding to a formula selected from the group consisting of: 
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SR2° 	
v0

D< 
 

/13,  ) 

1-60 	 1-61 	1-62 	 1-63 	1-64 

SR2° S, \z I 	 w 
/\s— 	 sR20 	 mo 

m
tt I,- 

11, 

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

and 

1-70 

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

NR20, and C(R20)2; 

R20  K 	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 

n is 0, 1, or 2. 

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

9. The compound of claim 1, wherein Ar' is substituted with two R I  

and Ar2  is substituted with three R2. 

10. The compound of claim 1, wherein R3  is alkyloxy and wherein R2  is 

alkyl. 

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

12. The compound of claim 1, wherein Xis a phosphine of formula (Id): 
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R" 	R16 R'° 

R17  
) 

, 	
R 8  

R t2 

RI3 	19  R 

(Id) 

wherein each of RE°, RH , R12 ,  RE3  is alkyl; 

R E7  and R E8  are each independently selected from the group consisting of 

hydrogen, or R E7  together with 12 E8  optionally form a carbonyl or a 3- to 7-membered 

Spiro ring containing zero, one, or two heteroatoms; 

each of RE6  and R19  is hydrogen; and 

each of bonds a and b is a single bond. 

13. The compound of claim 12, wherein R17  together with R E8  form a 5- 

membered spiro ring containing two heteroatoms. 

14. The compound of claim 13, wherein the two heteroatoms are each 

oxygen. 

15. The compound of claim 1, wherein RE°, R I L , RI2, and R13 are each 

methyl. 

16. The compound of claim 2, said compound having the structure 

corresponding to foiniula (1-1) 

V2  '--.., 
 3 	,-

------ - 
	- 	V 

,___• 

I

5 

I

9 

, 	_,' 
....„:" ,...-- 

V7  

(I-1) 
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wherein 

V1  and V4  are each CR', wherein RI  at each occurrence is allcoxy; 

V2  and V3  are each CR', wherein RI  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. 

1-13 
OD  

14 	 1-3 	 1-5 

17. 	The compound of claim 2, said compound having a structure 

corresponding to formula (1-1), 

V2  . 
V3  -- 

s%,... --, V' 

s..„: - 	V8 .„..." 
V7  

(1-1) 

or a salt thereof. 

wherein 

V I  and V4  are CR', wherein R I  is independently, at each occurrence, hydrogen 

or alkoxy; 
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V2  and V3  are CR', 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, 

14, 1-5, and 1-64. 

-1-10 	 OR" 
O 

1-1 	 1-2 	 1-3 

1-4 	 1-5 	 1-64 

18. 	The compound of claim 17, wherein the compound is selected from 

the group consisting of: 

2,2,6,6-tetramethy1-1-(2',4',6-triisopropylbiphenyl-2-yOphosphinane; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropylbipheny1-2-yflphosphinan-4-one; 

2,2,6,6-tetramethy1-1-(2',4',64riisopropylbiphenyl-2-yflphosphinan-4-ol; 

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

phosphaspiro[4.5]clecane; 

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

phosphaspiro[5.5]undecane; 

3,3,8,8,10,10-hexamethy1-9-(2',4',6%-triisopropylbiphenyl-2-y1)-1,5-dioxa-9-

phosphaspiro[5.5]undecane; 
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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-(T-(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; 

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

tetramethylphosphinan-4-one; 

2,2,6,6-tetram ethyl-142%4%6'4n isopropy1-3,6-dim ethox ybipheny1-2-

yOphosphinan-4-one; 

2,2,6,6-tetramethy1-1-(2',4',64riisopropyl-4,5-dimethoxybipheny1-2-

yl)phosphinan-4-one; 

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

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

6-methoxy-N,N-dimethyl-2'-(7,7,9,9-tetram ethy1-1,4-dioxa-8-

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

/V2,A 2,N6,N6-tetramethyl-2'47,7,9,9-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-dimethy1-2'47,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-

y1)biphenyl-2-amine; 

8-(bipheny1-2-y1)-7,7,9,9-tetramethyl-1,4-clioxa-8-phosphaspiro[4.5]clecane; 

164 



8-(3,6-dimethoxybipheny1-2-34)-7,7,9,9-tetramethyl-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',41,6-triisopropy1-3,6-dimethoxybipheny1-2-y1)-1,4-

dioxa-8-phosphaspiro[4.5]decane; 

7,7,9,9-tetramethy1-8-(21,4',6'-triisopropy1-4,5-dimethoxybiphenyl-2-y1)-1,4-

dioxa-8-phosphaspiro[4.5]decane; 

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

phosphaspiro[4.5]decane; 

8-(4'-tert-butylbipbeny1-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-

phosphaspiro[4.5]decane; and 

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

y1)phosphinane. 

19. 	The compound of claim 2, said compound having a structure 

corresponding to formula (1-8), 

V2  ..---' 	"---..., 
V3 	--- 	•, 	V1 

1 	le  
V4  ..-' 

x 

V7  

(1-8) 

or a salt thereof, 

wherein 

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

i 

,--- ..---' 

1-1 	 1-3 	 1-5 

20. The compound of claim 19, wherein said compound is selected from 

the group consisting of: 

2,2,6,6-tetramethyl- I -(2- (naphthalen-l-yl)phenyl)phosphinan-4-one; 

and 

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

8-phosphaspiro[4.5]decane. 

21. The compound of claim 2, said compound having a structure 

corresponding to formula (I-10), 

VZ  

V7  

(1-10) 

or a salt thereof, 

wherein 
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V I  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 or alkoxy; 

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

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

and 1-5. the group consisting of folinulae 1-1, 1-3, 

) ) 

1-1 	 1-3 	 1-5 

22. The compound of claim 21, 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'-binaptithy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

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

23. The compound of claim 2, said compound having a structure 

corresponding to formula (1-9), 

V2  
- 	:-..,., 

V3) 
 

i — 	Vl 
I 	se  Ii 	I 

- 

---.. -•--- 	A/8  
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(1-9) 

or a salt thereof, 

wherein 

V I, V2, V3, and V4  are each CR', wherein R I , 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 

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

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

\ 1-1 	 \70-- 
 

I) ) 
/1:1 --- 

1-1 	 1-3 	 1-5 

24. The compound of claim 23, 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-yOpheny1)-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

25. The compound of claim 2, said compound having a structure 

corresponding to foiniula (1-2), 

w2____ w1 

V4 r‘ 

w4 	 X 

1 

V7  

(1-2) 

or a salt thereof, 
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wherein 

W and W2  are each CR', wherein R1 , at each occurrence, is hydrogen; 

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. 

\ 
\ 2 

\/0,  
I-P\  

/ \a" ..) ../ 

1-1 	 1-3 	 1-5 

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

the group consisting of: 

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

1-pheny1-5-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]deca 	8-y1)- 

1H-pyrazole. 

27. The compound of claim 2, said compound having a structure 

corresponding to formula (I-3), 

V2  
.---1- 	̀--, 

V3  ••— - 	V1  

V4 	• - 

V1/6  
V 	.,, 

- - 
_N 

W6  s' 	W6  

wiLwa 

(1-3) 

or a salt thereof, 

wherein 

V1 , V2, V3  and V4  are each CR', wherein 12.1  , at each occurrence, is hydrogen; 
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W6, 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 group consisting of formulae 1-1, 1-3 and 1-5. 

\ 
-1-P\ 	2 

O 	 / 

1-1 	 1-3 	 1-5 

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

the group consisting of: 

1-(2-(1H-pyrrol-1-y1)pheny1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspiro[4.5]decan-8-y1)pheny1)- 

1H-pyrrole; and 

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

29. The compound of claim 2, said compound having a structure 

corresponding to formula (I-4), 

W2-W1  

/ 
W3  t  , 	.1  -' 
	 X w4 

W5  
7 

W6  / 	' W9  
\ 1

,, 
 

w7 _ 8 

(1-4) 

or a salt thereof, wherein 

W I  and W2  are each CR', wherein RI , 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 to a formula selected from 

the group consisting of formulae 1-1, 1-3 

) 

and 1-5. 

) 	 N') \ \ 
1-1\ 	> 0 1— P il)  2 
7 7 

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',3',5'-tripheny1-1'H-1,4'-bipyrazol-5-yl)phosph nan- 

4-one; 

1'1',3',5'-Tripheny1-5-(7,7,9,9-tetramethyl-1,4-dioxa-8- 

phosphaspiro[4 5]decan-8-y1)-1111-1,4'-bipyrazole; and 

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

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

V2  
V3 	.--

..----- - 

," 

•
• 
>, 

, 

V' 

V6..„
.......
‘•- --.' 

V7  
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or a salt thereof, 

wherein 

VI, V2, V3  and V4  are each CR', wherein R I  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. 

_ 

1-37 

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

the group consisting of: 

1,3,5,7-tetramethy1-8-(2',4',64riisopropylbiphenyl-2-y1)-2,4,6-trioxa-8-

phosphaticyclo(3.3.1.13•71decane; and 

8-(bipheny1-2-y1)-1,3,5,7-tetramethy1-2,4,6-trioxa-8- 

phosphatricyclo[3.3.1.13•7]decane. 

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

R1-Ar1-X 
I , 	, 

Rt-Ar` 

0) 
wherein 

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

A? are each independently optionally substituted with one or more R I  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, 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)-OR", Li- 

P(0)-(OR I )2, or LI-S(0)2-OR", wherein LI  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, and R3' and R4' are each independently selected 

from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4-NR5I-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 -O-(CH2)m-O-

fonned by the joining together of any two R I  or any two R2  or an R I  and an R2  , 

wherein m is I, 2, 3 or 4; 

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

Ri 1 

Ri  
02 

—P 	

3 1 	
(Ie) 

 
Q 4 .......--- 

R12 Q5 
R13 

wherein 

QI  is selected from the group consisting of a bond; -0- , -S- , - N 	20:t.  1)._ ; 

=C(R22)- , and ....c(R23)(R24)_ ; 

173 



Q2  is selected from the group consisting of a bond, -0- , -S- , -N(R25)- , 
=c(R26) _ ; and  _c(R27)(R2.3)_ ; 

Q3  is selected from the group consisting of a bond, -0- , -S- , -N(R29)- , 

(R39)- , and -C(R32)(R3°)-; 

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)- , 

=C(R38)- , and -C(R39)(R49)- ; and at least one of Q1, Q2, Q3, Q4, and Q5  is not a 

bond; or 

two of Q', 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 R19, R11, R12, and R13, 

i. R io or  -di x 	together with R12  or R13  form a ring; or 

ii. R19  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. R1(1, R ii
;  R12; and R13  do not form a ring, wherein R19, RH, Rte 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 L13  is a bond or 
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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)—NR113.1t19., wherein L' 7  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 

...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-trialkylammoniumalkyl; 

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; 1-1-C(0)-0R1., L I -P(0)-(0R1)2, or L1-8(0)2-ORI.  

where RI ' is hydrogen, alkyl or hydroxyalkyl and LI  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; 121—NR5t—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 R1°, 

R'', R12, R13, and R21-R40. 

34. The compound according to claim 33, wherein X comprises a 

4-membered ring. 

35. The compound according to claim 33, wherein X comprises a 

5-membered ring. 

36. The compound according to claim 33, wherein X comprises a 

7-membered ring or an 8-membered ring. 

37. The compound according to claim 33, wherein R1°, R H, R12, and R13  

are selected from the group consisting of alkyl, phenyl, and heteroaryl, or wherein 

R I°  or R H  together with R12  or R13  form a ring. 

38. The compound according to claim 33, wherein X is a phosphine 

having a structure corresponding to a formula selected from the group consisting of 
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• 

• 

• 

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

. 	411 
Me 

Me 

a r 
Atli  sr p 

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

14\jp 	 /p 

• 

2-14 	2-15 	2-16 	and 	2-18. 

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

V2  
V ----- 

\3  • - - - 	V

x 

 

. V9 

6c% - - ,....,... 

V7  

(14) 

or a salt thereof, 

wherein 

V', 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; 
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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 
0 

P 	

P 	

and 	P 
 

2-3 	2-4 	2-18 	1 	2-19. 

40. The compound of claim 39, wherein the compound is selected from 
the group consisting of: 

1-(biphenyl-2-y1)-2,2,7,7-tetram ethyl phosphepan-4-one; 

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

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

2,2,7,7-tetramethy1-1-(2',4',69riisopropylbipheny1-2-yl)phosphepane; 

2,2,8,8-tetramethy1-1-(21,4',64riisopropylbipheny1-2-yl)phosphocan-4-
one; and 

2,2,8,8-tetramethy1-1-(2',4',61-triisopropylbipheny1-2-yl)phosphocane. 

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

R1—Ar1-X 
I , 	„ 

Rt—Art  

(I) 

or a salt thereof, 

wherein 

Arc  and A? are each independently aryl or heteroaryl, and wherein Arl  and 

A? are each independently optionally substituted with one or more R I  and R2, 

respectively; 

R I  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; 
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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; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L1-C(0)-OR", LI- 
P(0)-(OR")2, or LI-S(0)2-0R", wherein LI  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)-NR311t4 , 

wherein L3  is a bond or alkylene. and R3, and le" 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 I  or any two R2  or an RI  and an R2  , 

wherein m is 1, 2, 3 or 4; 

X is a phosphine of formula (Ia): 

Rio 	R" 
\ / 
/C M 

—P A 

R.12
,1 

(la) 

wherein ring A includes 0 to 9 ring atoms 

R13  

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; 
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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 heteroatoms; phenyl optionally substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; LI-C(0)-0R", L1 -P(0)-(OR' )2, or LI — 

S(0)2-0R", wherein LI  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)—NR3.124', wherein L3  is a bond 

or alkylene, and R3*  and 124.  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 12—NR8i— 

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 R1°, R", R12, and R13, 

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

ii. RI°  and R11  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°, R11, R12,  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, 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; 
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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 

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

hydrogen, alkyl and hydroxyalkyl; L13-0—C(0)—R16', wherein L'5  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, R21 ' is hydrogen or alkyl, and R22' is alkyl or 

hydroxyalkyl. 

42. 	The compound according to claim 41, said compound having a 

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

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

42) 

wherein 

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

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

W I , W2, an W3  are each independently selected from the group consisting of 

CRI, NRI , N and 0; 

W4  is C or N; 

184 



W5  s 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. 

43. The compound according to any one of claims 41-42, 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. 

44. The compound according to claim 41, wherein ring A of formula (Ia) 

is bicyclic. 

45. The compound according to claim 41, wherein ring A of formula (Ia) 

is tricyclic. 

46. The compound according to claim 41, wherein X is a phosphine 

having a structure corresponding to a formula selected from the group consisting of: 
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185 



CF3  
\ 	 ...71„, 

O 	r-r--0 -1--0 
0 0 
	

0
o CF3 

F3CP 0
0

3 
P 	 P 
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,P 	O 	z 	P 
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1-45 	1-46 	1-47 

or a salt thereof, wherein R2°  is hydrogen, 

heteroarylalkyl, wherein the aryl, heteroaryl, aryl 

1-48, and 	1-49 

alkyl, aryl, heteroaryl, arylalkyl or 

of arylalkyl and heteroaryl of 

heteroarylalkyl are optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, 

halo, haloalkyl or haloalkoxy. 

47. 7,7,9,9-tetramethy1-8-(21,41,6'-triisopropy1-3,6-d 	ethoxybipheny1-2- 

y1)-1,4-dioxa-8-phosphaspiro[4.5]decane. 

48. A catalyst composition comprising a transition metal catalyst 

precursor and a compound according to any one of claims 1-47. 

49. The catalyst composition according to claim 48, wherein the 

transition metal catalyst precursor is selected from the group consisting of 

palladium, rhodium, ruthenium, platinum, gold, cobalt, iridium, copper and nickel. 

50. The catalyst composition according to claim 49, wherein the 

transition metal catalyst precursor contains palladium. 

51. A catalyst composition comprising a palladium catalyst precursor 

and a compound according to claim 7. 

52. 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. 
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53. 	A heterogeneous catalyst composition comprising a compound 

according to any one of claims 1-47 covalently bonded to a solid catalyst support. 

54. A method for synthesizing a secondary organic sulfonamide, 

comprising reacting an aryl nonaflate with a primary sulfonamide in the presence 

a palladium catalyst precursor and at least one compound selected from the 

compounds of any one of claims 1-47. 

55. A method of performing a bond-forming reaction comprising 

catalyzing said reaction with a compound of any one of claims 1-47, wherein the 

of 

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. 

56. A method of forming a bond in a chemical reaction comprising 

catalyzing said reaction with a compound of any one of claims 1-47, 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. 

57. A method of preparing phosphacycles of any one of claims 1-47 

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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