
WE CLAIM: 

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

R1-Arl-X 

R2-Ar2  

(I) 

or a salt thereof, 

wherein 

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

independently optionally substituted with one or more Rl  and 	, respectively; 

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

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

oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino/fteteroarylamino; alkylamino; 
/ 

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

haloalkyl or haloalkoxy; cycloalkyloxy option 	y substituted with alkyl, alkenyl, alkynyl, 

alkoxy, cyano, halo, haloalkyl or haloalkox r, 5- or 6-membered heteroaryl optionally substituted 
/ 

with alkyl, alkenyl, alkynyl, alkoxy, cya ti, halo, haloalkyl or haloalkoxy; phenyl optionally 

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

hydroxyalkyl; hydroxyalkoxy; alkoiyalkyl; aminoalkyl; N-alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-t ialkylammoniumalkyl; LI—C(0)--ORI ', LI —P(0)-(ORI  )2, or 

L1-5(0)2-0R1 , wherein L' 0 bond or alkylene, and RI ' is selected from the group consisting of 

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

alkyl or hydroxyalkyl;0--C(0)—NRYR4 , wherein L3  is a bond or alkylene, and R3  and R4' are 

each independently!.(elected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L4— 

NR''—C(0)—R6',*herein L4  is a bond or alkylene, R5' is hydrogen or alkyl, and R6' is alkyl or 

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

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

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

X is a 6-membered cyclic phosphine of foiinula (Ia): 
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Rlo 	R'' 

\ / 
/ c 

1 	A 

R12Z  
R13  

(Ia) 

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

carbon ring atoms of formula (Ia); or 

X is a phosphine of formula (Ib): 

R11 
Foo 

4:141•A 

Fe 

CD 

R13 	 ; or 

(Ib) 

/ 
X is a 6-membered cyclic pho'sphine fused to Ari  to give a compound of formula (To): 

1---- 	R14 

B 
R15  

R1-Ar1  P\  
RP  

R2-Ar2  

(Ic) 

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

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

indepe &ntly selected from the group consisting of carbon, oxygen, nitrogen, phosphorus and 

sulf r, and 
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wherein the ring atoms of ring A and ring B are each independently optionally substOted 

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

alkyl; alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylamii 	alkyl; 

AT,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted with alkyl, alkenyl, lkynyl, 

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

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

fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, 	koxy, 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, 6r two heteroatoms; phenyl 

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

L1-C(0)-0R1 ', L1-P(0)-(0R1')2, or L1—S(0)2-0R1 ', wherein L1  is a bond or alkylene, and R1 ' is 

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

L2  is a bond or alkylene, and R2' is alkyl or hydrox 	kyl; L3—C(0)—NR3'W1', wherein L3  is a 

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

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

hydrogen or alkyl, and R6' is alkyl or hydr0Xyalkyl; and L7--NR81S(0)2—R9', wherein L7  is a 

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

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

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

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

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

—(CR41—
K

42_ 
0)q-, where 'la R41  and R42  are each independently hydrogen or alkyl, and wherein q 

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

halo, haloalkyl o 	aloalkoxy; 

as to 	, R1 , R12, and R13, 

i. 	R1°  or R11  together with R12  or R13  form a ring; or 
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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 attache 

form a spirocyclic ring; or 

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

ring A; or 

RH), R"
, 
 - K12 iv. and R13  do not fowl a ring,wherein R10, kll, R12 and R13  are each , 

independently selected from the group consisting of hydrogen; alkyl; alkey(Y1; haloalkyl; alkynyl; 
/ 

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

haloalkyl or haloalkoxy; heterocyclyl optionally substituted with al#1, alkenyl, alkynyl, alkoxy, 

cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally substit/uted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl
/
Optionally substituted with alkyl, 

alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalk 	y; hydroxyalkyl; alkoxyalkyl; 

aminoalkyl; N-alkylaminoalkyl; NN-dialkylaminoalkyl• 	,N,N-trialkylanamoniumalkyl; 

thioalkyl; L1-3--C(0)-0R14', 123-P(0)- (OR14)2, or L/17-S(0)2-01Z14', wherein L13  is a bond or 

alkylene, and RI4' is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; 

L15-0-C(0)-R16', wherein L15  is alkylene and Z16' is alkyl or hydroxyalkyl; L17-C(0)- / 

and 	18' and R19' are each independently selected N-Ris'Ri9, wherein L 17  is a bond or alkylene‘ 	R. 

from the group consisting of hydrogen, 	1, and hydroxyalkyl ; and L20-NR21'-C(0)-R22 . 

wherein L2°  is alkylene, R21' is hydro 	or alkyl, and R22' is alkyl or hydroxyalkyl; and 

as to R14  and R15, 

R14  and R15  together w.  h the carbon atom to which they are attached form a spirocyclic 

ring; or 

one or more of 	14  and 1215  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; 6Tcloalkyl optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, 

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

alk 	v, cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally substituted with alkyl, 

152 



alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally substituted w'' 1: 

alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxy. 	yl; 

aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,AT-trialkylarnmoniumalkyl; 

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

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

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 indeSndently selected 

from the group consisting of hydrogen, alkyl, and hydroxyalkyl; and 1,20
71

4R21-_c(0)—R2.2'
, 

 

wherein L2°  is alkylene, R21' is hydrogen or alkyl, and R22' is alkyl or h/Ydroxyalkyl. 

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

corresponding to a structure of a formula selected from the 7, (Sup consisting of formulae (I-1) - 

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

wherein 

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

V1, V2, V3, and V4  are each independently CR1  or N; 

VS  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 
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W4  is C or N; 

Ws  is C or N; 

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

N R2, N and 0; and 

ring C, at each occurrence, is a fused-aryl or fused-heteroaryl and is optit i ally 

substituted with R1  and R2. 

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

cyclic phosphine of formula (Ia). 

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

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

bonded to Are. 

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

foiuiula (Id), or a salt thereof: 

R16 
R1 

/ 

. 

.. 	
R17  

) 
/ 	

R18 

R12  
R13 	R19 

(Id) 

wherein 	 / 

one or more 	f R16, R'7, R18, and R19  optionally form a ring with R10, R11, R12, or R13; or 

R17  toge 	er with R18  optionally form a carbonyl; an exocyclic double bond optionally 

substituted w h 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, hal , 

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

R17  and R18  are each independently selected from the group consisting of hydrog 	; 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 alkytialkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally/gubstituted with 

alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy, phe Y1 optionally 

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

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

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

N,N,N-trialkylammoniumalkyl; L1-C(0)--0R1 ', L1—P(0)—(0 	)2, or L1—S(0)2--OR1-, wherein L1  

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

hydroxyalkyl L2—O—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 consistin of hydrogen, alkyl, and hydroxyalkyl; L4—

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

hydroxyalkyl; and alkylthio; and 

at least one of bonds a and b ' 	foiniula (Id) is a single bond and one of bonds a or b is 

optionally a double bond. 

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

7. The comp 	nd according to claim 5, 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, orZ ring heteroatoms. 

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

/ 
structure co esponding to a foiinula selected from the group consisting of: 

OR20 	---P 	 %—P-\/0 
\ 	 / \O ,-"- 
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1-55 	 1-56 	1-57 	1-58 	1-59 
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	♦ 	- - 	• 	1-p\ 	)_SR20 	1-P 	- -p  
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1-65 	 1-66 	 1-67 	 1-68 	1-69, and 

, 

y
R  

„ 

1-70 

or a salt thereof, wherein R” is selec',,d from the group consisting of oxygen, NR20, and 

C(R20)2; 

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

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

alkyl, alkenyl, alkynyl, alkoxy/Cyano, halo, haloalkyl or haloalkoxy; and 

n is 0, 1, or 2. 

9. The c pound of claim 1, wherein Art  and Ar2  are each aryl. 

10. e compound of claim 1, wherein Art  is substituted with two RI  and Ar2  is 

substituted w 	„ three R2. 

11 	The compound of claim 1, wherein RI  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 fon 	iula (Id): 
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Ri 1 	R16 

RI° 

R17  
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, 
a,, 

/ 	R'8 

R1-3 R" 

(Id) 

wherein each of R10  ,R11  ,R12  ,R13  is alkyl; 

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

R17  together with R18  optionally form a carbonyl or a 3- to 7-m / bered Spiro ring containing 

zero, one, or two heteroatoms; 

each of R16  and R.19  is hydrogen; and 

each of bonds a and b is a single bond. 

14. The compound of claim 13, w 	rein R17  together with R18  form a 5-membered 

spiro ring containing two heteroatoms. 

15. The compound of claim/  4, wherein the two heteroatoms are each oxygen. 

16. The compound of claim 1, wherein R10, R'1, K-12
, 

 and R'3  are each methyl. 

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

folniula (I-1) 

V2  
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V3  V1  
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V c ` 

I 

" 	— '' 	V8  ‹ 	,---"' 
V7  
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wherein 

V1  and V4  are each CR1, wherein R1  at each occurrence is alkoxy; 

V2  and V3  are each CR1 , wherein R1  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 hydrog 	;'and 

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

consisting of formulae 14, 1-3 and 1-5. 

I-P\ 	0 	 1-P\ 	2 
/---- 

1-1 	 1-5 

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

formula (lb), 

Rif 
R10 

A___. p 
Fe 

CD 

R12 	R" /  

(Ib) 

or a salt tl3 ereof, 

where 

R 	R11, R12, and R13  are, at each occurrence, independently selected from the group 

consis ng of alkyl, aryl, heteroaryl, and a ring formed by joining together R1°  or R11  with R12  or 

R13  

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

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

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

formula selected from the group consisting of foiiiiulae (Ia) and ( 

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

to formula (I-1), 

V2  ---"" 	"--„, 
V3 	- - - 	-, 

V 	-- 

I 

„, ....,, 
%. 1  

V8  ' 	- 	V8  --...„,: ''' ,--- 
V7  

(I-1) 

or a salt thereof, 

wherein 

V1  and V4  are,CR1 , wherein R1  is independently, at each occurrence, hydrogen or alkoxy; 
/ 

V2  and V3 	e CR1, wherein R1  is independently, at each occurrence, hydrogen or alkoxy; 

V5  an 	9 are CR2, wherein R2  is independently, at each occurrence, selected from the 

group cons t ng of hydrogen, alkoxy, alkyl, and dialkylamino; 

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 

and 1-64. 

phoshines of formulae 1-1, 1-2, 1-3, 1-4, 1-5, 
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OW° 	-P 	X 
0--- 

1-1 	 1-2 	 1-3 

%---FS 	)(0 	) 	 ) 	1-1:: 
.--O 	..--- 

1-4 	 1-5 	 1-64 

22. 	The compound of claim 21, wherein the compoUnd is selected from the group 

consisting of: 

2,2,6,6-tetramethy1-1-(T,4',6'-triisopropylbipheny 	-yl)phosphinane; 

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

2,2,6,6-tetramethy1-1-(2',4'.6'-triisopropylblPhenyl-2-y1)phosphinan-4-ol; 

7,7,9,9-tetramethy1-8-(2',4',6'-triisopro ylbipheny1-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

8,8,10,10-tetramethy1-9-(T,4" 	isopropylbipheny1-2-y1)-1,5-dioxa-9-

phosphaspiro[5.5]undecane; 

3,3,8,8,10,10-hexamethy1-9-(2',4',6'-triisopropylbipheny1-2-y1)-1,5-dioxa-9- 
/ 

phosphaspiro[5.5]undecane; 

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

1-(2',6'-bis(d* 	ethylamino)bipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2`,6'-d' III ethoxybipheny1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

1-(2', 	-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-ony( 

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

one; 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropyl-4,5-dimethoxybiphenyl-2-yppho 	hinan-4-

one; 

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

1-(4'-tent-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 	hosphaspiro[4.5]decan-8-

yl)bipheny1-2-amine; 

N2,N2,N6,N6-tetramethyl-T-(7,7,9,9-tetramethy1-1,4-di x -8-phosphaspiro[4.5]decan-8-

yl)bipheny1-2,6-diamine; 

8-(2',6'-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethyl-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-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-y1)biphenyl-
/ 

2-amine; 

8-(biphenyl-2-y1)-7,7,9,9- 	tra 	ethy1-1,4-dioxa-8-phosphaspiro[4.5]decane; 

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

phosphaspiro[4.5]decane; 

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

phosphaspiro[4.5]derane; 

7,7,9,9-te‘amethy1-8-(2`,4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-y1)-1,4-dioxa-8- 

phosphaspir 	4.51decane; 

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

phos 	aspiro[4.5]decane; 
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8-(3',51-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 	decane; 

and 

2,2,6,6-tetramethy1-1-(21,4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-yl)p o/ sphinane. 

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

to formula (1-8), 

V2  
V3  

.--' 
,- - 

..."--.„ 
- V.1  

s-.....• 

V
% a 

(1-8) 

or a salt thereof, 

wherein 

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

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

V9  is CR2, wJxerein R2  is hydrogen; 

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

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

consistin 	of foimulae 1-1, 1-3 and 1-5. 
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'') _ 	 \ . _ 	 1-P\ 	2 
,---' 

1-1 	 1-3 	 1-5 

24. The compound of claim 23, wherein said compound is selectee from he group 

consisting of: 

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

7,7, 9,9-tetramethy1-8-(4-methyl-2-(naphthalen-l-y1)phny1)-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

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

to formula (I-10), 

V2  
,- — •, 	Vi 

-....../ 

X 

_ ,Vg 
 

V7  

(1-10) 

or a salt thereof, 

wherein 

V1  and V2 	e each CR1, wherein R' is, at each occurrence, hydrogen; 

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

V9  s CR2, wherein R2  is hydrogen or alkoxy; 

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

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

to a formula selected from the grou 

---' 
7. 1 

1-1 	 1-3 	 1-5 

26. The compound of claim 25, wherein said compound is elected 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-tetramethylf)'hosphinan-4-one; 

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

8-(2'-methoxy-1,1'-binaphthy1-2-y1)-7,7,9,9-te 	ethy1-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

27. The compound of claim 20, s 'd compound having a structure corresponding 

to foiiiiula (I-9), 

V2  „,,,_ ___,.... 
V3-.- - - • "V' 

I :' 	' 
V4 ss - - 

- - - 's, 

(1-9) 

„e‘• a salt thereof, 

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

V5, V8  and V9  are each CR2, wherein R2, at each occun-ence, is hydrogen; 

ring C is an unsubstituted fused-phenyl; and 

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

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

-P 	)-0 	t_
T2 VD, 

_ 
-- 

1-1 	 1-3 	 1-5 

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

consisting of: 

2,2,6,6-tetra 	ethy1-1-(2-(naphthalen-2-yl)ph 	1)phosphinan-4-one; and 

7,7,9,9-tetramethy1-8-(2-(naphthalen-2-y1) 	eny1)-1,4-dioxa-8-phosphaspiro[4.5]decane. 

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

to formula (I-2), 

W2_ wl 

/ ( 	
‘:)..,., w3 	_ , • 

NI' 	x 
w4 

./.'.... 
- V5  • - 	- ' , 	V9  

I 	:' 

V6  ' 	- ' 	V8 
".•,- - 	,./' 

V7  

(I-2) 

or malt thereof, 

herein 

W1  and W2  are each CR1 , wherein R', at each occurrence, is hydrogen; 
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W3  and W4  are each N; 

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

X is a phosphine having a structure corresponding 

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

to a formula selected from thy. group 

1-1\ •-•P\ 
\/0, 

0' ) 

1-1 	 1-3 	 1-5 

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

consisting of: 

2,2,6,6-tetramethy1-1-(1-phenyl-1H-pyrazol-5-yl)plihsphinan-4-one; and 
/ 

1-phenyl-5-(7,7,9,9-tetramethy1-1,4-dioxa-8-ph S'Iphaspiro[4.5]decan-8-y1)-1H-pyrazole. 

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

to formula (1-3), 

V2  --,,, 
,- - -- Vi 

1A/5  
," ..N, 

W6
,-

-  — ., w9 
Vs 	I 

W7--- W8  
/ 

7/ 	
(1-3) 

or a salt thereof, 

/ 
wherein / 

, V2, V3  and V4  are each CR', wherein RI  , 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 gro p 

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

1-P\ 	 i-P\ 	 -P\ 
7--- 	 / 	 / 

1-1 	 1-3 

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

consisting of: 

1-(2-(1H-pyrrol-1-yl)pheny1)-2,2,6,6-tetramethylphosAifian-4-one; 
7 

/ 
1-(2-(7,7,9,9-tetramethy1-1,4-dioxa-8-phosphaspirot4.5idecan-8-y0pheny1)-1H-pyrrole; 

and 

1-(2-(2,2,6,6-tetramethylphosphinan-l-y1)pheny1)-1H-pyrrole. 

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

to formula (1-4), 

/ 	/1  - - -‘)„..„. W3
N  
', 	,' 
,'" 

	

w4 	X  

W5  
,....,, 

w6 , • 	s  w9 

s  - • " .1 w7 _ w8 

(I-4) 

or 	salt thereof, wherein 

W1  and W2  are each CR', wherein R', at each occurrence, is hydrogen; 

W3  and W4  are each N; 

174 



W5  is C; 

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

phenyl; 

W7  is N; 

W8  is NR2, wherein R2, at each occurrence, is phenyl optionally substit 	ed 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 

1 - 1 1 - 3 	 1-5 

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

consisting of: 

2,2,6,6-Tetramethy1-1-(1'.3'.5`-triphe y y1-1111-1,41-bipyrazol-5-yl)phosphinan-4-one; 

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

1,41-bipyrazole; and 

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

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

V2  ...,--. 	:'•••,„ 
V3  .- - 	- 

:' 	s: 

Vi 

‘s• V4

V5 ,,• 

s • - / " 

V9 

V 
V7  
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or a salt thereof, 

wherein 

V1, V2, V3  and V4  are each CR1, wherein R1  is, at each occurrence, hydrog 	• 

V5  and V9  are CR2, wherein R2  is independently, at each occurrence, h 	rogcn 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 	7 

36. The compound of claim 35, w erein 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; anon  

8-(biphenyl-2-y1)-1,3, 5 7 	tramethy1-2,4,6-trioxa-8-phosphatricyclo[3.3.1.13'7]decane. 

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

formula (Ic), or a salt thefeof, 

(---- 	R14 

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 (Ic-1), 

2 

B 
R14 

... _ 

P 

R15  
RP 

 
V5 Vs 

1 : 
' V6 	' 	- - `--,

V7  

(IC-1) 

or a salt thereof, 

wherein, 

V2, V3, and V4  are each independently CR1  o 	; and.  

V5, V6, V7, V8  and V9  are each independ 	tly 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 

, , 	, 

's -_ - 
R14 

R15  

RP 
_ 	.., 

,: 1 

V6,...,..„.
s  • - - -,,,,... 	V8  

V7  

(Ic—la) 

wherein, 
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R14a  is selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl; N- 

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

N,N,N-trialkylammoniumalkyl; substituted or unsubstituted arylalkyl; cycloalkyl opti 	ally 

substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, 

dialkylamino; halo; haloalkyl; fluoroalkyl; heteroaryl 

heterocyclyl, or heteroary , 

optionally substituted with alkyl, alkenyl, 

alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocycloalkyl optio ally substituted 

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

hydroxyalkyl; phenyl optionally substituted with alkyl, alkenyl, alkynyyalkoxy, cyano, halo, 

haloalkyl or haloalkoxy; L1-C(0)-OR' ', Li-P(0)40102, or LI-S(0)/-OR1 ''  wherein L1  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 alkY1 or hydroxyalkyl; / 
L3-C(0)-NR3 R4 , wherein L3  is a bond or alkylene, and R3

/
1and 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 alkyle. , R8  is hydrogen or alkyl, and R9' is alkyl or 

hydroxyalkyl. 

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

R1-Art -X 

R2-Ar2  

(I) 

wherein 

Art  and Ar2  are t/ach independently aryl or heteroaryl, and wherein Art  and Ar2  are each 
/ r 

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

R1  and R are independently selected at each occurrence from the group consisting of / 

hydrogen; a 	no; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy; 

oxoalkyl; ia koxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino; 

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

halo 	kyl 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 substitute 

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; NAN-trialkylannnoniumalkyl; L1—C(0)---OR1 ', Li—P(0)-( 	2, or 
/ 

L1-S(0)2-0R1 , wherein L1  is a bond or alkylene, and R1 ' is selected from the grup consisting of 

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

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

each independently selected from the group consisting of hydrogen, al ,Y1, 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)sulfarnoyl; sulfonamide; sulfate; 
/ 

alkylthio; thioalkyl; and a ring containing an alkylene or —0 l(H2).1-0— foiiiied by the joining 

together of any two R' or any two R2  or an R1  and an R2 	erein m is 1, 2, 3 or 4; 

X is a phosphine of fonnula (Te), or a salt fiber 	f, 

R11 

R10 	
Q  

Q2 

Q3 	(le) 
/ 

,...---Q4 
R12 	Q5 

R13 

wherein 

Q1  is selected fro i the group consisting of a bond; 	0 	, 	S 	, 	N(R21)— , --,C(R22)-- , and 

___c (R23)(R24) 	; 	/ 

Q2  is selected from the group consisting of a bond, 	0 	, 	S 	, N(R25)— , =QR26 	, and 
/ 
' —C(R27)(R2g)— , 

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

--C(R32)R30)— ; 
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Q4  is selected from the group consisting of a bond, 	0 	, 	S 	, N(R33)- , =C(R34)- , ancf 

-C(R")(R")- ; 

Q5  is selected from the group consisting of a bond, 	0 	, 	S 	, N(R37)- , =C(R 	- , and 

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

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

optionally substituted with alkyl, alkenyl, aryl, cycloalkyl, heterocyclyl, or he roaryl; or a 
/ 

3-8-membered Spiro ring containing zero, one, or two hetero ring atoms, o 	ionally substituted 

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

as to R10, R11 , R12, and R13, 

i. Rl°  or R" together with R12  or R13  form a ring; 0 

ii. Ri°  and R11  together with the carbon atom to 	hich they are attached foul' a 

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

form a spirocyclic ring; or 

iii. one or more of R'°,  R11, R12  and R1/3 form a ring together with a ring substituent of 

ring A; or 

iv. Rio, Ril, K-12
,  and R13  do not orm a ring, wherein R1°, R11, R12  and R13  are each 

independently selected from the group c resisting of alkyl; alkenyl; haloalkyl; alkynyl; oxoalkyl; 

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

haloalkoxy; heterocyclyl optionall 	substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, 

haloalkyl or haloalkoxy; hetero ryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, 

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

alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl; 

N-alkylaminoalkyl; N 	- / dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; thioalkyl; L13-C(0)- 
()R14:, L13_p(0)_ 	Rizr.2, or L-i-1  ) 	-S(0)2-0R14 , wherein L13  is a bond or alkylene, and R14' is 

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

wherein L15•• 	alkylene and R16'  is alkyl or hydroxyalkyl; L17-C(0)-NR18'R19', wherein L17  is a 

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

hydro 	n, alkyl, and hydroxyalkyl ; and L20_,  iN-,-,-,.K.21'  -C(0)-R22., wherein L2°  is alkylene, R2'  is 

by 	ogen or alkyl, and R22' is alkyl or hydroxyalkyl; and 
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R21 - K 	R4°  are, at each occurrence, independently selected from the group consisting o 

hydrogen, halo, fluoro, alkyl, haloalkyl, fluoroalkyl, alkenyl, alkynyl, alkyloxy„V-alkyla 

N,N-dialkylamino, N,N,N-trialkylammoniumalkyl; substituted or unsubstituted cycloa 671, /1 

substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted heteroar 	, substituted 

or unsubstituted phenyl; hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylamino 	1; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L1-C(0)-0R1', L1  -1r)-(0R1 '),, or 

L1-S(0)2-0R1' 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 alkylene/; L3—C(0)—NR3'R4' 

where R3' and R4' are independently selected from H, alkyl, and hydy xyalkyl 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 
R4 	 , and R21-R40.  more of R21 - 0  forma ring with another of R'° 	ti , R, R12 

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

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

43. The compound according to cl9in 40, wherein X comprises a 7-membered ring 

or an 8-membered ring. 	 / 

44. The compound according'to claim 40, wherein R'°, R'1, .k. ,-.12, and R13  are 

selected from the group consisting o alkyl, phenyl, and heteroaryl, or wherein R1°  or Ril  

together with R12  or R13  form a n g. 

45. The compoundi‘ccording to claim 40, wherein X is a phosphine having a 

structure corresponding to 	formula selected from the group consisting of 

• 

1111 
2_1 	 2-2 	2-3 	2-4 	2-5 	2-6 
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Me 

oir 
Me 

AM p By 

It 	40 
2-7 	2-8 	2-9 	2-10 	2-11 2-12 13 

r p 	i:cr•%p 	3=rs'3P 	s-'ss  
P 

0 

P- - 

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

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

to formula (I-1), 

V2  
,,-- --s.,. 

s,...,,,
, 

V5  V9  

V6,,,,,,,
%  - - -_,,,..- V8  

V7  

(I-1) 

or 	alt thereof, 

herein / 

vi, v2, V-3 and V4  are each CR1, wherein R1  is, at each occurrence, hydrogen; 

182 



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

0 

-P> 	
1-P 

----.7 	
and 

--- 

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

47. The compound of claim 46, wherein the co 9$ ound is selected from the group 
consisting of: 

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

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

2,2,7,7-tetramethy1-1-(2',4',6'-tri 	opropylbipheny1-2-yl)phosphepan-4-one; 

2,2,7,7-tetrameth-y1-1-(2',44  6' 	isopropylbipheny1-2-yl)phosphepane; 

2,2,8,8-tetramethy1-1-(2' 	-triisopropylbipheny1-2-yl)phosphocan-4-one; and 

2,2,8, 8-tetramethy1-1 	2',4',6'-triisopropylbipheny1-2-yl)phosphocane. 

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

R1— Ar1-X 

R2._.. Art 

(I) 

or a s 	thereof, 

wh 
/

erein 

/ri  and Ar2  are each independently aryl or heteroaryl, and wherein Arl  and Ar2  are each 

c 
 

v 
 

in 	pendently 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, cy.4 	halo, 

haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, al 	yl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered heteroaryl option . ly substituted 

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

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

hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylamino kyl; 

N,N-dialkylaminoalkyl; N,N,N-trial 	L1—C(0)-0,R , L1—P(0)-(ORr)2, or 

L'-S(0)2-0R1 ', wherein L1  is a bond or alkylene, and R1  is selecte/d from the group consisting of 

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

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

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

I\TR51C(0)—R6', wherein L4  is a bond or alkylene, 	5  is hydrogen or alkyl, and R6, is alkyl or 

hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N, 1(dialkyl)sulfamoyl; sulfonamide; sulfate; 

alkylthio; thioalkyl; and a ring containing an all ylene or —O—(CH2)m—O— formed by the joining 

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

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

s P 

2-17. 

49. 	A compound having a structure corresponding 

/ 
R1-Ar1-X 

to formula (I), 

R2-Ar2  

(I) 

or a salt thereof, 
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wherein 

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

independently optionally substituted with one or more R1  and R2, respectively; 

RI  and R2  are independently selected at each occurrence from the group onsisting of / 
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haoalkoxy; 

oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; al 	
/ 
lamino; 

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 h eroaryl optionally substituted 

lu

ft 

with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or 	loalkoxy; phenyl optionally 

substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, haloyhaloalkyl or haloalkoxy; 

hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; t -alkylaminoalkyl; 

N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalky , LI—C(0)-0R1', LI—P(0)-(0R1 ')2, or 

LI-S(0)2—OR'., wherein Ll  is a bond or alkylene, 	d R1' is selected from the group consisting of 

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

alkyl or hydroxyalkyl; L3—C(0)—NR3R4', whflein L3  is a bond or alkylene, and R3' and R4' are 

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

NR51C(0)—R6', wherein L4  is a bond or4kylene, R5  is hydrogen or alkyl, and R6' is alkyl or 

hydroxyalkyl; sulfamoyl; N-(alky1)4amoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate; 

alkylthio; thioalkyl; and a ring con/aining an alkylene or —0—(CR,),,-0— formed by the joining 

together of any two R1  or any t7o R2  or an RI  and an R2  , wherein m is 1, 2, 3 or 4; 

X is a phosphine of formula (Ia): 

Rio 	Rii 

\ / 
/C 

/ 

A P 

R12 7 
R13  

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

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

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

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

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

alkylamino; a]kylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaininoalkyl; 

N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted with alky
/
l/alkenyl, alkynyl, 

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

alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; diaLk 	mino; halo; haloalkyl; 

fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl,, a kynyl, alkoxy, cyano, halo, 
/ 

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

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

bond optionally substituted with alkyl, alkenyl, alkynyl, 	1, cycloalkyl, heterocyclyl, or 

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

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

L1 -C(0)—ORP, L1-P(0)-(ORP),, or Ll-s(o)2.-gfil., wherein L1  is a bond or alkylene, and RI  is 

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

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

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

	

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

hydrogen or alkyl, and R6' is all7f or hydroxyalkyl; and L7—NR.8'—S(0)2—R9', wherein L7  is a 

bond or alkylene, R8' is hydrogen or alkyl, and R9' is alkyl or hydroxyalkyl; and 
t 

as to R1°, RI1, R12 	d RI3, 

i. R'° 	together with R'2or R13  form a ring; or 

ii. R 	nd le 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 spiro yclic ring; 

Elie//rein, any of substituents R1°, R11, R12
,  and R13  that do not fol 	in 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 haloalkox , 

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

haloalkyl or haloalkoxy; phenyl optionally substituted with alkyl, alkenyl, alk 	yl, 

alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; a 	moalkyl; 

N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,N-trialkylammoniuma yl; thioalkyl; 

123—c (o)_0R14', 123—P(0)— (OR14 )1, or L13—S(0)2-0R14', wherein 	3  is a bond or 

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

hydroxyalkyl; L15-0—C(0)—R16', wherein L15  is alkylene and 	6'  is alkyl or 

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

are each independently selected from the group consist 	of hydrogen, alkyl, and 

hydroxyalkyl ; and 120
_NR211

C(0)—R22', wherein L2  is alkylene, R21' is hydrogen or 

alkyl, and R22  is alkyl or hydroxyalkyl. 

50. 	The compound according to claim 42; said compound having a structure 

corresponding to a structure of a formula selecte 	rom the group consisting of formulae (I-1) - 

(1-42), or a salt thereof: 

V2: ̀,..., 	w2—w1 	 V2 ...--- 
V3 	-- - 	• V1  

/ i' 
..,--- 	"••••,„ 

V3 	. - - -  V1 	
W2— W1 

V4  ''' 
' 	• Ws.  -3  

'N.'  - - I 	:. 
/ ( 	s)

..,,,...... 
 

W. 3  ' 
'• 	' V4  - 'N: 	 X 

W4 

i 
W5  

• " - ' •, 
5  W

Ug 	
V9 	 7.':•:,,„ 

6 ,• " ., w9 	
w6 , 	w9 

s 	

Z ...N, 
1

•

„....,,
,/ 

I 
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-.... , ' V6..,<- - 	
V s 	7 	

w7_w8 „,..„-- 
`,..„., 	„..”" 	 V7 	 W;'-:":2W5  

V7  

(I- I) 	/ 	 (I-2) 	 (I-3) 	 (I-4) 
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(1-39) 	 1-40) 	 (1-41), and 

wherein 

(1-42) 

V', V2, V 	and V4  are each independently CR1  or N; 

, /', V7, Vg  and V9  are each independently CR2  or N; 

, W2, an W3  are each independently selected from the group consisting of CR1, 

and 	, 

NR', 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 

NR2, N and 0; and 

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

substituted with RI  and R2. 

51. 	The compound according to any one of claims 49-50, wher n 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 foiniula (Ia) are carbon. 

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

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

tricyclic. 

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

structure corresponding to a formula selected frome group consisting of: 

Rzo 

O 	 OH 	 N - R20 	OR2°  
0R2°  

	 Me   NW 

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

O 	 Dal
O 	 .,‘ 

N - R2o 	 0R20  

 	NW 	 5 
rip  

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

R2° ‘ 
N - R2o 	0R20  

	 ~ 	5  

1-32 	 1-33 	1-34 	1-35 	1-36 
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CF3 

-----0 O 	 O 	 0 
0 	 0 	 Ir 	F3C 	0  
0 	 0 	 5 	0 	CF3 

P 	
k P 	 P  

f F 

1-37 	 1-38 	1-39 	1-40 	1-4 

4111 	 ar 	 I, 	II 	• 
P 

41 	• 	. 	III 	• 
1-45 	1-46 	1-47 	1-48, an 	1-49 

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

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

are optionally substituted with alkyl, alkenyl, alkyn 1, alkoxy, cyano, halo, haloalkyl or 

haloalkoxy. 

55. 7,7,9,9-tetramethy1-8-(2',4', '-triisopropy1-3,6-dimethoxybipheny1-2-y1)-1,4- 

dioxa-8-phosphaspiro[4.5]decane. 

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

compound according to any one/  f claims 1-55. 

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

o

f 

catalyst precu 	r contains palladium. 

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

compou
n
nd according to claim 8. 

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

co 	pound 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-(21,4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

63. A heterogeneous catalyst composition comprising a compou d according to any 
r 

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

64. A method for synthesizing a secondary organic sulfo amide, 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 	nd-fonning reaction is selected from 

the group consisting of carbon-nitrogen, carbon-oxen, carbon-carbon, carbon-sulfur, carbon- 

phosphorus, carbon-boron, carbon-fluorine and carbon-hydrogen. 

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

reaction with a compound of formula (I),,x6erein the bond is selected from the group 
/ 

consisting of a carbon-nitrogen bond,,/carbon-oxygen bond, a carbon-carbon bond, a carbon- 

sulfur bond, a carbon-phosphorus bp/nd, a carbon-boron bond, a carbon-fluorine bond and a 

carbon-hydrogen bond. 

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

metalation of a biaryl h fde to foal]. a biaryl lithium species; 

reacting a chloropho 	hate with said biaryl lithium species to folio a biaryl phosphonate; 

reduction of second product to form primary phosphine; and 

reacting primary phosphine with a divinylketone. 
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CLAIMS 

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

R1  Arl-X 

R2— Ar2  

(I) 

or a salt thereof, 

wherein 

Ar' and Ar2  are each independently aryl or heteroaryl, and wherein Arl  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, 

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-di alkylaminoalkyl; N,N,N-trialkylammoniumalkyl; Li-C(0)-OR', Ll-P(0)-(01e)2, or 

L'-S(0)2-OR'',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, and R3' and R4' are 

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

NRs'-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—(CE12),,,--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; 

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

Rio 	Ril 

\ / 
,C, 

A P 

z" 
R12 	I  

- R- 
II  

(Ia) 

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

carbon ring atoms of formula (la); 

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

L1-C(0)-0R1 , Ll-P(0)-(0R1 ')2, or L1 —S(0)2-0R1 ', wherein L' 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 L7—NR8 —S(0)2—R9', wherein L7  is a 

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

as to R1°, Ri 1, R12, and R13, 

i. 	R10  or R" together with R'2  or R'3  form a ring; or 

ii. R1°  and R'1  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 R10, Rii,  R'2 and R13  form a ring together with a ring substituent of 

ring A; or 

do not form a ring,wherein R1°, R", K-12, iv. 	RH), R", R12, and K-13 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 , L , 13_ 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)—NRIs'R19', wherein L'7  is a 

bond or alkylene, and R.18' and R19'  are each independently selected from the group consisting of 
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hydrogen, alkyl, and hydroxyalkyl •; and L2°--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 foimulae (I-1) - 

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

wherein 

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

VI, V2, V3, 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, 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 R1 and R2. 

3. 	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 Ari adjacent to the atom 

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

formula (Id), or a salt thereof: 

R" 	Ri6 
R1°  

R17  a, 
) 
' ,1 	Rla 

R13 	R19 

(Id) 

wherein 

one or more of R16, R'7, R18, and R19  optionally form a ring with R1°, R11, R12, 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, 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)--OR1 , L1—P(0)—(OR' )2, or Ll—S(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 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. 

5. The compound according to claim 4, wherein R16  and. R19  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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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 

n is 0, 1, or 2. 

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

9. The compound of claim 1, wherein Ari  is substituted with two RI  and Ar2  is 

substituted with three R2. 

10. The compound of claim 1, wherein R1  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 

Ri  

, 
a, 	R17  

) 

i 	
R18  

R13 	R19 

(Id) 

wherein each of R10  ,R1  ,R12  ,R13  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- to 7-membered Spiro ring containing 

zero, one, or two heteroatoms; 

each of R16  and R19  is hydrogen; and 

each of bonds a and h is a single bond. 

13. The compound of claim 12, wherein R17  together with R18  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 R1°, R11, R'2, and R13  are each methyl. 

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

formula (I-1) 
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(I-1) 

wherein 

V1  and V4  are each CR1 , wherein R1  at each occurrence is alkoxy; 

V2  and V3  are each CR1, wherein Rl  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. 

{--) I-P 	) 	0 '-• P 	 f1)  
----; ---- 	I 

1-1 	 1-3 	 1-5 

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

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

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

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

V7  

(1-1) 

or a salt thereof, 

wherein 

V1  and V4  are CR1 , wherein R1  is independently, at each occurrence, hydrogen or alkoxy; 

V2  and V3  are CR1, wherein R1  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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19. 	The compound of claim 18, 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',6'-triisopropylbiphenyl-2-y1)phosphinan-4-one; 

2,2,6, 6-tetramethy1-1 -(2',4',6'-trii sopropylbipheny1-2-yl)pho sphinan-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'-triisopropylbipheny1-2-y1)-1,5-dioxa-9- 

phosphaspiro[5.5]undecane; 

3,3,8,8,10,10-hexamethy1-9-(2',4',6'-triisopropylbipheny1-2-y1)-1,5-dioxa-9- 

phosphaspiro[5.5]undecane; 

1-(2`-(dimethyl amino)-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; 

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-y1)phosphinan-4- 

one; 
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2,2,6,6-tetramethy1-1-(2',4',6'-triisopropy1-4,5-dimethoxybiphenyl-2-yephosphinan-4-

one; 

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

1-(4'-tert-butylbiphenyl- 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,N6,14/6-tetramethyl-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8 -pho sphaspiro [4.5]dec an-8-

yl)bipheny1-2,6-diamine; 

8-(21,6'-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', ',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',6'-triisopropy1-3,6-dimethoxybiphenyl-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

7,7,9,9-tetramethy1-8-(2',42,6'-triisopropy1-4,5-dimethoxybipheny1-2-y1)-1,4-dioxa-8-

phosphaspiro[4.5]decane; 

8-(3 ',51-dimethoxybipheny1-2-y1)-7,7,9,9-tetramethy1-1 ,4-diox a-8-

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

and 

2,2,6,6-tetramethy1-1-(2',4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-yOphosphinane. 

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

formula (1-8), 

corresponding to 

v2  
v3  

.--.." .>, 
v' 

I 

x 

‘•- -? 
V

--"' V 

(1-8) 

or a salt thereof, 

wherein 

V1  and V2  are each CR1, wherein R1  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 

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

from the group 
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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-y1)phenyl)phosphinan-4-one; and 

7,7,9,9-tetramethy1-8-(4-methy1-2-(naphthalen-l-y1)pheny1)-1,4-dioxa-8-

phosphaspiro[4.5]decane. 

22. The compound of claim 17, said compound having a structure corresponding 

formula (I-10), 

to 

vz  

• •, 

- ../ 
v 7  

vl 

(I-10) 

or a salt thereof, 

wherein 

V1  and V2  are each CR1, wherein Rl  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. 

Cp.) 

to a formula selected from the group 

\ 
0 1—P\ 	2 

JO' ..--- 

1-1 	 1-3 	 1-5 

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

consisting of: 

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

1-(T-methoxy-1,1'-binaphthy1-2-y1)-2,2,6,6-tetramethylphosphinan-4-one; 

8-( 1, l'-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. 

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

formula (1-9), 

V2  „...,„, 
...- 	.. V3 	• • - 	

-...,. 
Vi  

V4 	-- 

......,, 

(I-9) 

or a salt thereof, 
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wherein 

VI, V2, V3, and V4  are each CRI, wherein R1, 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. 

\ p, 

) 
...7.  

1-1 	 1-3 	 1-5 

25. The compound of claim 24, 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. 

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

formula (1-2), 

w2 _ w1 

Wi
t 	

• 
-N. 

 
,. 	

w4 X 

V5  Vg 

, , 	, .. 
"...,..- - 	,./.. 

v7  

(1-2) 

or a salt thereof, 
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wherein 

W1  and W2  are each CR1, wherein R', 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. 

v0,..,, 
--P\ 

/0-- -- 	
1-1---)\ 

---- .--,- 

1-1 	 1-3 	 1-5 

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

consisting of: 

2,2, 6.6-tetramethy1-1 -(1-pheny1-1H-pyrazol-5 -yl)pho sphinan-4-one; and 

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

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

formula (1-3), 

V2  
.---- :',, 

V3  • - - 	- , 	V 

., 
_, -- 

W5  
./." _Ns, 

W6  ,- - 	W9  
Vs 	) / 
wiffw8 

(1-3) 

or a salt thereof, 
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wherein 

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

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'\ 	0 	 - - 

) 
.7  

1-1 	 1-3 	 1-5 

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

consisting of: 

1 -(2- (1H-p3m-o1-1 -yl)pheny1)-2,2,6,6-tetram ethylpho sphinan-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. 

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

formula (I-4), 

w2 - w1 

3 + 
  

/ / - ' 	
,,...,..,. W ,  

w4' 

	
X 

 N.-  -  

I 

w6 / 	9 
\ I 

w7 -
8 
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(1-4) 

or a salt thereof, wherein 

W1  and W2  are each CR1, wherein R', at each occurrence, is hydrogen; 

W3  and W4  are each N; 

WS  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. 

1-P 	0 	%— P\  
---"' 	 ..--' 	 ,--. 

1-1 	 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-(11 ,3',5'-triphenyl-l'H-1,4'-bipyrazol-5-yl)phosphinan-4-one; 

l'1',3',5'-Tripheny1-5-(7,7,9,9-tetramethyl-1,4-dio xa-8-pho sphasp iro[4.5] decan-8-y1)-1 'II- 

1,42-bipyrazole; and 

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

32. A compound having a structure corresponding to formula (1-1), 
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v2  ----- .."--, 
v3 	- - - 	- Vi 

v4  s• -- 

V5 	- - - -, 

V6  `• 	-' --,„„ : - ,--- V8  
V7  

(I-1) 

or a salt thereof, 

wherein 

V1, 172,  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. 

oTO 

Fp 	0 

1-37 

33. 	The compound of claim 32, 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-(biphenyl-2-y1)-1,3,5,7-tetramethy1-2,4.6-trioxa-8-phosphatricyclo[3.3.1.13:7]decane. 
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34. 	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 R1  and R2, respectively; 

R1  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)-0R1  , L1-P(0)-(0R1-)2, or 

Li-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)-NR3R4-, 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 
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hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfarnoyl; sulfonamide; sulfate; 

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

together of any two R1  or any two R2  or an R1  and an R2  , wherein m is 1, 2, 3 or 4; 

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

R11 

R1  
02 
\ 

.---- 	 Q3 	(1e) 
1 

„....---Q4 
R12 	Q5 

R13  

wherein 

Q1  is selected from the group consisting of a bond; 	, 	Nr(R21) 	; = C(R ) 	,and 

_c (R23)(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)(R3o)— ; 

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(R)(R40)_ ; and at least one of Q1 , 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 R1°, R11, R12, and R13, 
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' 	R10  or R11  together with R12  or R13  form a ring; or 

ii. R1°  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; or 

iii. one or more of R1°, R",  .tc_-12 and R13  form a ring together with a ring substituent of 

ring A; or 

iv. R'°, Ri 1, R12
, 

 and R13  do not form a ring, wherein R10, R11, 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-trialkylammoniumalkyl; thioalkyl; L13—C(0)— 

OR14', L13—P(0)— (OR14.)/, or L13—S(0)2-0R14 , wherein L" 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 hydroxyalkyl ; and 1,20__N,-.K__21'  C(0)-R22', wherein L2°  is alkylene, R21'  is 

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

-.-.21 	_ 	0 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; L1 -C(0)-0R1 ', L1-P(0)-(OR' )2, or 

L1-S(0)2-ORI.  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 alkylene; L3—C(0)—NR3'R4' 

where 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 selected 

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

more of R21 -R40 form a ring with another of R1°, R11
, 
 R12, R13, and R21-R40. 

35. The compound according to claim 34, wherein X comprises a 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°, Rii,  R12, and R13  are 

selected from the group consisting of alkyl, phenyl, and heteroaryl, or wherein Rth  or R11  

together with R12  or R13  form a ring. 

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

structure corresponding to a formula selected from the group consisting of 

z------(--- 41 
P III 
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\ 
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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 corresponding to 

formula (1-1), 

V2  
..-' 

V3 	.- - 	- 	Vi 

V4  ‘- 

,,- 

-......• ---„.... ,...--- 
V7  

(I-1) 

or a salt thereof, 

wherein 

V1, V2, V3  and V4  are each CRI , wherein RI  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 having a structure corresponding to a formula selected from the group 

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

-1:' 

O 

FP 	
-P>\  / 

and P 
	/ 

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

41. 	The compound of claim 40, wherein the compound is selected from 
consisting 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'-triisopropylbipheny1-2-yl)phosphepan-4-one; 

2,2,7,7-tetramethy1-1-(T,4',6'-triisopropylbipheny1-2-yephosphepane; 

2,2,8,8-tetramethy1-1-(2',4',6'-triisopropylbipheny1-2-yl)phosphocan-4-one; and 

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

42. 	A compound having a structure corresponding to foiiiiula (1), 

R1-Ar1-X 

R2-Ar2  

(I) 

or a salt thereof, 

wherein 

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

independently optionally substituted with one or more R1  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, cyan, 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)--OR1 , L1—P(0)-(0R1  )2, or 

L1-S(0)2-0RF, wherein L1  is a bond or alkylene, and R1.  is selected from the group consisting of 

hydrogen, alkyl and hydroxyalkyl; L2—O—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'and R4' are 

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

NR' —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; /vr,N-(dialkyl)sulfamoyl; sulfonamide; sulfate; 

alkylthio; thioalkyl; and a ring containing an alkylene or —0—(C112),11-0— 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; 

X is a phosphine of formula (Ia): 

Rio 	R1' 
\ / 

C 

A 1)7  

1 Ri2
/ I 

R13  

(Ia) 

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

atoms of foiinula (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 heteroatoms; phenyl 

optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; 
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L1-C(0)-0R1 ', L'-P(0)-(0R1  )2, or L1 —S(0)2—OR , wherein L1  is a bond or alkylene, 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.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 R1°, R11, R12, and R13, 

i. RI°  or RI 1  together with R12  or R13  foiici a ring; or 

ii. R1°  and R" together with the carbon atom to which they are attached fomi 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 R1°, R'1, K-12, 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; 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_cpyoR14', L  , 13_ 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  _NR211C(0)—R22', wherein L20  is alkylene, R21' 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 formulae (1-1) - 

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

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

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

W1, w —2, an W3  are each independently 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; and 

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

substituted with RI  and R2. 

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

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 ring A of formula (Ia) is 

tricyclic. 

47. The compound according to claim 42, wherein X is a phosphine having a 

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

48. 7,7,9,9-tetrarnethy1-8-(2',4',6'-triisopropy1-3,6-dimethoxybiphenyl-2-y1)-1,4-

dioxa-8-phosphaspiro[4.5]decane. 

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

compound according to any one of claims 1-48. 

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

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

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

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

catalyst precursor contains palladium. 

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

compound according to claim 7. 

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

tetramethy1-8-(2',4',6'-triisopropy1-3,6-dimethoxybipheny1-2-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 covalently bonded to a solid catalyst support. 

55. 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 1-48. 

56. A method of performing a bond-fol 	ling reaction comprising catalyzing said 

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

selected 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 foi 	ning a bond in a chemical reaction comprising catalyzing said 

reaction with a compound of any one of claims 1-48, 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. 

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