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WE CLAIM:

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

m,
R'—Ar'™-X
Rz—-/'kr2
a)

or a salt thereof,
wherein

Ar' and Ar” are each independently aryl or heteroaryl, and #vherein Ar' and Ar” are

each independently optionally substituted with one or more R' gfd R, respectively;

R! and R? are independently selected at each occurrghce from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; yl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; Heteroarylamino; alkylamino;
dialkylamino; cycloalky! optionally substituted wit}f alkyl, alkenyl, alkynyl, alkoxy, cyano,
halo, haloalkyl or haloalkoxy; cycloalkyloxy op#onally substituted with alkyl, alkenyl,
alkynyl, alkoxy, cyano, halo, haloalkyl or hajéalkoxy; 5- or 6-membered heteroaryl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl
optionally substituted with alkyl, alke
haloalkoxy; hydroxyalkyl; hydroxy
N,N-dialkylaminoalkyl; N,N,N-
L'-S(0),~OR", wherein L' is
of hydrogen, alkyl and hydroxyalkyl; L%-0O-C(O)-R*, wherein L* is a bond or alkylene, and
R? is alkyl or hydroxyalkyl; L*-C(O)-NR*R*, wherein L’ is a bond or alkylene, and R* and

, alkynyl, alkoxy, cyano, halo, haloalkyl or
oxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;
#lkylammoniumalkyl; L'-C(O)-OR", L'-P(0)-(OR"),, or

bond or alkylene, and R' is selected from the group consisting

R" are each indepengéntly selected from the group consisting of hydrogen, alkyl, and
hydroxyalkyl; L*®R*-C(0)-R®, wherein L*is a bond or alkylene, R* is hydrogen or alkyl,
and RY is alkyl4r hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyDsulfamoyl;
sulfonamidey/sulfate; alkylthio; thioalkyl; and a ring containing an alkylene or ~O—~(CHa)u—

O- formed by the joining together of any two R! or any two R? or an R'and an R?, wherein m

X is a phosphine of formula (Ia):
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wherein ring 4 is a monocyclic heterocyclic ring, bicyclic heterocylic ring, or
tricyclic heterocyclic ring, and wherein ring 4 includes 0 to 9 ring atomg in addition to the
phosphorus and 2 carbon ring atoms of formula (Ia), wherein said rigg atoms are each
independently selected from the group consisting of carbon, oxygg

and sulfur; or

M, nitrogen, phosphorus

X is a phosphine of formula (Ib):

, Or

wherein, ring B is a phosphorus heterocyclic ring with 0 to 5 ring atoms in addition to
thephosphorus and carbon ring atoms of formula (I-c), wherein said ring atoms are each

iidependently selected from the group consisting of carbon, oxygen, nitrogen, phosphorus
and sulfur, and
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wherein the ring atoms of ring 4 and ring B are each independently optionally
substituted with one or more substituents selected from the group consisting of alkenyl;
alkoxy; alkoxyalkyl; alkyl; alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted wi
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionglly
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
dialkylamino; halo; haloalkyl; fluoroalkyl; Cs.¢ 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 hgfoalkoxy;
hydroxy; hydroxyalkyl; oxo; an exocyclic double bond optionally substipdted with alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; a 3- to Z#membered spiro ring
containing zero, one, or two heteroatoms; phenyl optionally substifted with alkyl, alkenyl,
alkynyl, alkoxy, cyano, halo, haloalky! or haloalkoxy; L!-C(O);OR", L'-P(0)-(OR"),, or L'~
S(0),~OR", wherein L' is a bond or alkylene, and R'" is selegied from the group consisting of
hydrogen, alkyl or hydroxyalkyl; L2-O-C(O)-R?, whereid L? is a bond or alkylene, and R* is
alkyl or hydroxyalkyl; L*~C(O)-NR*R*, wherein L* ig/a bond or alkylene, and R* and R*
are each independently selected from the group congisting of hydrogen, alkyl, and
hydroxyalkyl; L*-NR>~C(O)-R®, wherein L is # bond or alkylene, R® is hydrogen or alkyl,
and R® is alkyl or hydroxyalkyl; and L'-NR*4S(0),—R”’, wherein L is a bond or alkylene,
R* is hydrogen or alkyl, and R” is alkyl or, ydroxyalkyl;

R’ is selected from the group cgnsisting of alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
and heteroaryl, wherein R is optiondlly substituted with alkyl, alkenyl, alkynyl, alkoxy,
cyano, halo, haloalkyl or haloalkgky; or R” is a bridging group between the phosphorus and

another B ring atom, wherein
alkynylene, and ~(CR“R*
alkyl, and wherein q is
alkynyl, alkoxy, cya

is selected from the group consisting of alkylene, alkenylene,
)q— wherein R* and R* are each independently hydrogen or

or 2, and wherein R” is optionally substituted with alkyl, alkenyl,

, halo, haloalkyl or haloalkoxy;

R' or R together with R™ or R" form a ring; or

R' and R" together with the carbon atom to which they are attached form a
spirocytlic ring and/or R' and R' together with the carbon atom to which they are attached

a spirocyclic ring; or

11, one or more of R, R', R™ and R" form a ring together with a ring

substituent of ring 4; wherein, if any of substituents R'°, R'!, R', and R* do not form a rin "
g
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said substituents are each independently selected from the group consisting of hydrogen;
alkyl; alkenyl; haloalkyl; alkynyl; oxoalkyl; cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocyclyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; Cs.
heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, halo
or haloalkoxy; phenyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cygho, halo,
haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoallgl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; thioalkyl; L”~C(O)
P(O)- (OR™),, or L”~S(0),~OR', wherein L' is a bond or alkylene, and
from the group consisting of hydrogen, alkyl and hydroxyalkyl; L"*~O-¢{O)-R'®, wherein
L" is alkylene and R'® is alkyl or hydroxyalkyl; L'—C(O)-NR'®R" Awherein L' is a bond
or alkylene, and R'® and R'’ are each independently selected fro
hydrogen, alkyl, and hydroxyalkyl ; and L®-NR?"-C(O)-R*,
hydrogen or alkyl, and R** is alkyl or hydroxyalkyl; and

14 13
> L"-

¥ is selected

the group consisting of

herein L is alkylene, R* is

asto R and R",

R and R together with the carbon atom togAvhich they are attached form a

spirocyclic ring; or

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

ring B,

wherein, if any of substituents K'* and R** do not form a ring, said substituents are

each independently selected from the group consisting of hydrogen; alkyl; alkenyl; haloalkyl;
alkynyl; oxoalkyl; cycloalky! optfonally substituted with alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocyclyl, or heferoaryl; heterocyclyl optionally substituted with alkyl, alkenyi,
alkynyl, alkoxy, cyano, ha
with alkyl, alkenyl, a
substituted with alky)/ alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; alkgkyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl;
moniumalkyl; thioalkyl; LP~C(0O)-OR™, LB-P(0)~(OR'*),, or L*-S(0),—
OR™ whereth L" is a bond or alkylene, and R™ is selected from the group consisting of
hydrogeny alkyl and hydroxyalkyl; LP-0O—C(0)-R'® wherein L'* is alkylene, and R'® is alkyl
or hydroxyalkyl; L'-C(O)-NR'¥R"’, wherein L' is a bond or alkylene and R'® and R are
eacl independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl;
d L¥-NR* —C(O)-R*, wherein L* is alkylene, R* is hydrogen or alkyl, and R** is alkyl
or hydroxyalkyl.

, haloalkyl or haloalkoxy; Cs.¢ heteroaryl optionally substituted
yl, alkoxy, cyano, halo, haloalky! or haloalkoxy; phenyl optionally
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2. The phosphine ligand according to claim 1, said ligand having a structure
corresponding to a structure of a formula selected from the group consisting of formulae (I-1

- (I-42), or a salt thereof:
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(1-35) £36) (1-37) (1-38)
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(1-39) (1-40) (1-41), and

wherein
X is a phosphine of formula (Ta) or (Ib);
V!, V2, V3 and V* are each independently R'or N;
V3, V6, V7, V¥ and V? are each independently CR* or N;

W', W2, an W° are each independefftly selected from the group consisting of CR),

NR!, N and O;
W'is Cor N;
W isCorN;
We, W, W# and W)
CR?, NR? N and O; and,

are each independently selected from the group consisting of

The compound according to claim 1 or claim 2, wherein ring 4 is a 4-, 5-,
6-, 7-, gr 8-membered ring, and wherein each of the ring atoms in addition to the phosphorus

carbon ring atoms of formula (Ia) are carbon.

158




WO 2012/009698

4, The compound according to claim 1, wherein ring 4 of formula (Ia) is

bicyclic.

5. The compound according to claim 1, wherein ring 4 of formula (Ia) is

fricyclic.

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

formula (Id), or a salt thereof:

wherein

one ormore of R', R'7, R'™®, and R optionally form a ring with R'®, R", R'?, or R'%;

or

R'7 together with R'® optighally 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 cont#ining zero, one, or two heteroatoms, optionally substituted with

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

cyang, halo, haloalky! or haloalkoxy; heterocycloalkyl optionally substituted with alkyl,
allenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; Cs.¢ heteroaryl optionally
Substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy, phenyl

optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalky! or
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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; L'-C(O)-OR", L'-P(O)~(OR" ), or
L'-S(0),~OR", wherein L' is a bond or alkylene, and R" is selected from the group
consisting of hydrogen, alkyl and hydroxyalkyl L*-0-C(0)-R*, wherein L? is a bond or,
alkylene, and R? is alkyl or hydroxyalkyl; L*-C(O)-NR*R*, wherein L’ is a bond or
alkylene, R* and R" are each independently selected from the group consisting of fydrogen,
alkyl, and hydroxyalkyl; L*-NR*-C(O)-R?, wherein L* is a bond or alkylene, gfid R’ "is
hydrogen or alkyl, R® is alkyl or hydroxyalkyl; and alkylthio; and

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

is optionally a double bond.

7. The compound according to claim 6, wherei ' and R" are hydrogen.

8. The compound according to claim 6, wherein R'7 and R"® 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.

9. The compound accordipg to claim 6, wherein X is a phosphine having a

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

1-3 1-4
OR20 RZO
R N
OR% R20
1-7
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1-28 1-29 1-30

A B

1-32 1-33 1-36
CF,4
o7 "0 0O 0
0
FC—50 CF3;
+P 10 %—P
1-37 1-41
2 ~
-g-"Pi ;u
1-42 43 1-44
45 0 %—@o %O 45 K
1-4 1-46 1-47 1-48 1-49
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QW\ - %—;L}J AT
1-50 1-51 1-52 1-53 1-54
1-55 1-56 1-57 1-5% 1-59
e o)
5 R gl 4w X X
F o}
1-60 1-61 1-4) 1-63 1-64
s 5- SR 0
s " '
1-65 1-66 1-67 168 1-69, and
4R 0
Rll

or a spft thereof, wherein R" is selected from the group consisting of oxygen, NR*,
and C(R*)y/

RY s hydrogen, alkyl, aryl, heteroaryl, arylalky! or heteroarylalkyl, wherein the aryl,
heteroaryl, aryl of arylalkyl and heteroaryl of heteroarylalkyl are optionally substituted with
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalky! or haloalkoxy; and

nis0, 1, or2.
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10. The compound according to claim 1 or claim 2, wherein X is a phosphine

of formula (Ie), or a salt thereof,

wherein

Q' is selected from the group consisting of a bond; £0—, —-S—, -NR*)-, =C(R®)-,
and ~C(R®)(R™)-;

Q* is selected from the group consisting of
and -CRY)R®¥)-;

ond, -O-, 8-, -NR®)- , =C(R*)-,

Q’ is selected from the group consistiig of a bond, ~O—, —S—, NR*®)-, =C(R*)-,
and -CR*HR*)-;

Q" is selected from the group gonsisting of a bond, -O— , —S—, -N(R*)- , =C(R**)~,
and ~-CR®)R*)-;

Q° is selected from the group consisting of a bond, -O—, —S—, -N(R*")—, =C( R*®)-,
and ~C(R¥)(R*)~; and at lgdst one of Q!, % Q% Q% and Q’ is not a bond; or

two of Q!, Q% @, Q*, or Q’ together form a carbonyl; an exocyclic double bond

ith alkyl, alkenyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a

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

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

L*-0-C(O)-R* where R* is alkyl or hydroxyalkyl and L? is a bond or alkylepé;

L*~C(O)-NR*R* where R* and R* are independently selected from H, aléyl, and
hydroxyalkyl and wherein L* is a bond or alkylene;

L*-NR”-C(O)}-R® wherein R” is selected from H and alkyl, R® is4elected from
alkyl and hydroxyalkyl, and L* is a bond or alkylene; and

alkylthio; or additionally

one or more of R* -R* form a ring with another of R', R!!, R'2, R", and R*-R¥.

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

ring.

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

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

ring or an 8-membered ring.

14.  The copipound according to claim 10, wherein R'%, R", R"?, and R" are
selected from the grofip consisting of alkyl, phenyl, and heteroaryl, or wherein R'* or R"!

together with R'> gr R" form a ring.

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

corresponding to a formula selected from the group consisting of
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2-1 2-2 2-3 2-4 2-5 2-6
VR VRS G IS
[ P L% L& ! 17
2-7 2-8 2-9 2-10 2-11 2-12
N N o]

X X

D ,,/ _ P"E' and P\;
2-14 2-15 2-16 2-19

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

formula (Ib),

a salt thereof,
wherein

R® R, R', and R" are, at each occurrence, independently selected from the group
consisting of alkyl, aryl, heteroaryl, and a ring formed by joining together R or R" with R™
or R”,
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17. The phosphine ligand of claim 2, said ligand having a structure corresponding
to any of formulae (I-1) - (I-42), wherein X is a phosphine having a structure corresponding t

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

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

corresponding to formula (I-1),

or a salt thereof,

wherein
V' and V* are CR', wherein/R' is independently, at each occurrence, hydrogen or
alkoxy;
V4
V2 and V? are CR!, wherein R' is independently, at each occurrence, hydrogen or

is CR?, wherein R? 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-
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1-1 1-2

19. The phosphine ligand of claim 18, wherein the lig#nd is selected from the

group consisting of:
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphinane;
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropy Ibiphefyl-2-yl)phosphinan-4-one;
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropy Ibjphenyl-2-y1)phosphinan-4-ol;

7,7,9,9-tetramethyl-8-(2',4',6'-triisopropglbiphenyl-2-y1)-1,4-dioxa-8-
phosphaspiro[4.5]decane;

8,8,10,10-tetramethyl-9-(2',4',6'-

spiro[5.5Jundecane;

iisopropylbiphenyl-2-y1)-1,5-dioxa-9-phospha-

3,3,8,8,10,10-hexamethy

phosphaspiro[5.5jundecane;

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

1-(2'-(dimethylamjfio)-6'-methoxybiphenyl-2-y1)-2,2,6,6-tetramethy Iphosphinan-4-

one;
1-(2',6'-bis(dimethylamino)biphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2',6'-dimethoxybiphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(9/,6'-diisopropoxybiphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
-(2'-(dimethylamino)biphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(biphenyl-2-yl1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(1,1'-binaphthyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2'-methoxy-1,1'-binaphthyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
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1-(3,6-dimethoxybiphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;

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

one;

2,2,6,6-tetramethyl-1-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)phosphinag-4-
one;

2,2,6,6-tetramethyl-1-(2',4',6'-triisopropy1-4,5-dimethoxybiphenyl-2-y)phoéphinan-4-
one;

6-methoxy-N,N-dimethyl-2'-(7,7,9,9-tetramethy1-1,4-dioxa-8-
phosphaspiro[4.5]decan-8-yl)biphenyl-2-amine;

N’ N’ N° N'-tetramethyl-2'-(7,7,9,9-tetramethyl-1,4-dfoxa-8-phosphaspiro[4.5 ]decan-
8-yl)biphenyl-2,6-diamine;

8-(2',6'-dimethoxybiphenyl-2-y1)-7,7,9,9-tetr:
phosphaspiro[4.5]decane;

ethyl-1,4-dioxa-&-

8-(2',6'-diisopropoxybiphenyl-2-y1)-7,749,9-tetramethyl-1,4-dioxa-8-

phosphaspiro[4.5]decane;

N,N-dimethyl-2'-(7,7,9,9-tetraméthyl-1 ,4-dioxa-8-phosphaspiro[4.5]decan-8-

yl)biphenyl-2-amine;
8-(biphenyl-2-y1)-7,7,9,94tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decane;

8-(3,6-dimethoxybiplenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-

phosphaspiro[4.5]decane;

8-(3,6-dimethoxy-2',4',6'-trimethylbiphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]décane;

7,7,9,94etramethyl-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)-1,4-dioxa-8-

8-(3',5'-dimethoxybiphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;
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8-(4'-tert-butylbiphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-

phosphaspiro[4.5]decane; and

corresponding to formula (I-8),

PCT/US2011/044282

2,2,6,6-tetramethyl-1-(2',4',6'-tritsopropyl-3,6-dimethoxybiphenyl-2-yl)phosphinane.

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

or a salt thereof,

wherein

7 <8
V'and V" are each CR

vherein R? ig, at each occurr ence, hydrogen;

]

V?® is CR?, wherein/R? is hydrogen;
ring C at each gecurrence is an unsubstituted fused-phenyl; and

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

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

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

group consisting of:
2,2,6,6-tetramethyl-1-(2-(naphthalen-1-yl)phenyl)phosphinan-4-one; and

7,7,9,9-tetramethyl-8-(4-methyl-2-(naphthalen-1-ylphenyl)-1,4-dioxa 8-
phosphaspiro[4.5]decane.

22, The phosphine ligand of claim 17, said ligand having a stryéture

corresponding to formula (I-10),

or a salt thereof,

wherein

-3—3320 %3%3 4

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

group consisting of:
1-(1,1'-binaphthyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2-methoxy-1,1"-binaphthyl-2-yl1)-2,2,6,6-tetramethylphosphinan-4-one;

8-(1,1'-binaphthyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5fdecane;

and

8-(2'-methoxy-1,1'-binaphthyl-2-y1)-7,7,9,9-tetramethyl- 1,4-dioxa-8-
phosphaspiro[4.5]decane.

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

corresponding to formula (I-9),

or a salt therg6f,

wherein

VL, V7, V3, and V* are each CR!, wherein R', at each occurrence, is hydrogen;
,VEand V? are each CR?, wherein R?, at each occurrence, is hydrogen;

ring C is an unsubstituted fused-phenyl; and

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

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

_g_bo P Z] K
1 3

-1 1-

25, The phosphine ligand of claim 24, wherein said ligand is selected from the

group consisting of:

2,2,6,6-tetramethyl-1-(2-(naphthalen-2-yl)phenyl)phosphinan-4-ong; and
7,7,9,9-tetramethyl-8-(2-(naphthalen-2-y1)phenyl)-1,4-dioxa-8

phosphaspiro[4.5]decane.

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

corresponding to formula (I-2),

or a salt thereo

wherein

5 V8, V7, V8, and V° are each CR? wherein R?, at each occurrence, is hydrogen; and
X is a phosphine having a structure corresponding to a formula selected from the

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

173




WO 2012/009698 PCT/US2011/044282

O
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27. The phosphine ligand of claim 26, wherein said ligand is selected from the

group consisting of:
2,2,6,6-tetramethyl-1-(1-phenyl-1H-pyrazol-5-yl)phosphinan-4-ongi and

1-phenyi-5-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5 Jdecan-8-y1)-1 H-

pyrazole.

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

corresponding to formula (I-3),

W2, W7, W® and W° are each CR?, wherein R?, at each occurrence, is hydrogen;
W is N; and
X is a phosphine having a structure corresponding to a formula selected from the

oup consisting of formulae 1-1, 1-3 and 1-3.
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29, The phosphine ligand of claim 28, wherein said ligand 1s selected from the

group consisting of:
1-(2-(1 H-pyrrol-1-yl)phenyl)-2,2,6,6-tetramethylphosphinan-4-oney and

1-(2-(7,7,9,9-tetramethyl-1,4-dioxa-&-phosphaspiro[4.5]decan-8-yDphenyl)-1 H-
pyrrole.

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

corresponding to formula (I-4),

or a salt thereof,
wherein
w! and are each CR!, wherein R', at each ocourrence, is hydrogen;
W2 and W* are each N;

18C;

W and W? are each CR?, wherein R?, at each occurrence, is substituted or

ungbstituted phenyl;

W’ is N:
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W? is NR?, wherein R?, at each occurrence, is phenyl optionally substituted with

alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalky! 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.

AT ee

1-1 1-3

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

group consisting of:
2,2,6,6-Tetramethyl-1-(1',3",5"-triphenyl-1'H-1,4'-bipgrazol-5-yl)phosphinan-4-one;

1'1",3',5"-Triphenyl-5-(7,7,9,9-tetramethy1-1,4-digxa-8-phosphaspiro[4.5]decan-8-yl)-
1'H-1,4"-bipyrazole; and

1',3',5"-Triphenyl-5-(2,2,6,6-tetramethylpMosphinan-1-yl)-1'H-1,4"-bipyrazole.

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

corresponding to formula (I-1),

or a salt thereof,
wherein

V!, V% V® and V* are each CR!, wherein R is, at each occurrence, hydrogen;
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V*® and V® are CR?, wherein R* is independently, at each occurrence, hydrogen or

V® and V® are CR?, wherein R?, at each occurrence, is hydrogen;
V7 is CR?, wherein R* is hydrogen or alkyl; and

X is a phosphine of formula 1-37.

1-37

33. The phosphine ligand of claim 32, wherein th¢/ligand is selected from the

group consisting of:

1,3,5,7-tetramethyl-8-(2',4',6'-triisopropy Ibiphefyl-2-y1)-2 4,6-trioxa-8-

1 3,7

phosphatricyclo[3.3.1.17"]decane; and

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

7
1%

phosphatricyclo[3.3.1.17"]decane.

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

corresponding to formula (I-1),

or a salt thereof,
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wherein
1 x2 3 vt 1 ol .
V', V5, V’and V" are each CR', wherein R’ is, at each occurrence, hydrogen;

V3 and V° are CR?, wherein R* is independently, at each occurrence, hydrogen or
alkyl;

V® and V* are CR?, wherein R, at each occurrence, is hydrogen;
V7 is CR?, wherein R? 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

{hyl-1-(2',4",6"triisopropylbip

pr henyl-2-yl)phosphepane;

2,2,8,8-tetyamethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphocan-4-one;

and

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

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

to formuld (Ic), or a salt thereof,
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R™-Ar'—R
RP
R2-Ar?

(Ie)

37. The phosphine ligand of claim 34, said ligand having a stru

corresponding to formula (Ic-1),

or a salt thereof,
wherein,

V2, V? and V'are e ’independently CR' or N; and
V>, V8, V7,V and V° are each independently CR* or N.

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

correspondingAo formula (Ic-1a), or a salt thereof,
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wherein,

R™ ig selected from the group consisting of alkenyl/alkoxy; alkoxyalkyl; alkyl; N-
alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminghlkyl; N,N-dialkylaminoalkyl;
N,N N-trialkylammoniumalkyl; substituted or unsubstifuted arylalkyl; cycloalkyl optionally
substituted with alkyl, alkenyl, alkynyl, aryl, cycloglkyl, heterocyclyl, or heteroaryl;
dialkylamino; halo; haloalkyl; fluoroalkyl; Cs¢ Meteroaryl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloallgyl or haloalkoxy; heterocycloalkyl optionally
substituted with alkyl, alkenyl, alkynyl, alJkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxy; hydroxyalkyl; phenyl optiongfly substituted with alkyl, alkenyl, alkynyl, alkoxy,
cyano, halo, haloalkyl or haloalkoxy? L'-C(0)-OR", L'-P(O)-(OR"),, or L'-S(0),-OR",
wherein L' is a bond or alkylene/and R" is selected from the group consisting of hydrogen,
alkyl and hydroxyalkyl; L-O : (O)—RT, wherein L? is a bond or alkylene, and R* is alkyl or
hydroxyalkyl; L’-C(0)-NBZ R*, wherein L’ is a bond or alkylene, and R* and R* are each
independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L
NR*~C(O)-R®, whefein L* is a bond or alkylene, R® is hydrogen and alkyl, and R® is alkyl
or hydroxyalkyl; #ad L'-NR¥-S(0),-R”, wherein L” is a bond or alkylene, RY is hydrogen or
alkyl, and R”" i€ alkyl or hydroxyalkyl.

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

phoéphine ligand according to claim 1.
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40. The catalyst composition according to claim 39, wherein the transition metal
catalyst precursor is selected from the group consisting of palladium, rhodium, ruthenium,

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

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

catalyst precursor contains palladium.

42, A catalyst composition comprising a palladium catalyst preghrsor and a

phosphine ligand according to claim 9.

43. A catalyst composition comprising a palladium g4talyst precursor and a

phosphine ligand according to claim 15.

44, A catalyst composition comprising a pélladium catalyst precursor and a

phosphine ligand according to claim 39.

45, A heterogeneous catalyst gdmposition comprising a ligand according to any

one of claims 1-38 covalently bonded tg/a solid catalyst support.

precursor and a ligand selgcted from those of formula (I).

47. ethod of performing a bond-forming reaction comprising catalyzing said
reaction with afigand of formula (I), wherein the bond-forming reaction is selected from the
group comnsigfing of carbon-nitrogen, carbon-oxygen, carbon-carbon, carbon-sulfur, carbon-

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

48. A method of forming a bond in a chemical reaction comprising catalyzing
said reaction with a ligand of formula (I), wherein the bond is selected from the group

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

carbon-hydrogen bond.

49. A method of preparing phosphacycles of formula (I) comprising:
metylation of a biaryl halide to form a biaryl lithium species;

reacting a chlorophosphate with said biaryl lithium species to form biary,

phosphonate;
reduction of second product to form primary phosphine; and

reacting primary phosphine with a divinylketone.
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WE CLAIM:

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

R™—Ar"-X
R?—Ar?
M

or a salt thereof,
wherein

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

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

R' and R? are independently selected at each occurrence from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino;
dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(O)-OR", L'-=P(0)-(OR"),, or
L'-S(0),~OR", wherein L' is a bond or alkylene, and R! is selected from the group consisting of
hydrogen, alkyl and hydroxyalkyl; L*~O—C(O)-R?, wherein L? is a bond or alkylene, and R? is
alkyl or hydroxyalkyl; L*~C(O)-NR*R*, wherein L? is a bond or alkylene, and R* and R* are
each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*~
NR>—C(0)-R®, wherein L* is a bond or alkylene, R® is hydrogen or alkyl, and R® is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; thioalkyl; and a ring containing an alkylene or -O—(CH,),—O—- formed by the joining

together of any two R' or any two R? or an R' and an R? ,whereinm is 1, 2, 3 or 4;

X is a 6-membered cyclic phosphine of formula (Ia):
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(Ia)
wherein ring A4 includes three carbon ring atoms in addition to the phosphorus and 2

carbon ring atoms of formula (Ia); or

X is a phosphine of formula (Ib):

R11
R10
—%—P: Fe
12
R R™ ; or
(Ib)

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

R14
B 15
R
R™-Ar'—R
RF’

R2-Ar?
(Ie)

wherein, ring B is a phosphorus heterocyclic ring with four ring atoms in addition to the
phosphorus and carbon ring atoms of formula (I-c), wherein said ring atoms are each
independently selected from the group consisting of carbon, oxygen, nitrogen, phosphorus and

sulfur, and
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wherein the ring atoms of ring 4 and ring B are each independently optionally substituted
with one or more substituents selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl;
alkyl; alkylamino; alkylthio; alkynyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl;
N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; dialkylamino; halo; haloalkyl;
fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an exocyclic double
bond optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or
heteroaryl; a 3- to 7-membered spiro ring containing zero, one, or two heteroatoms; phenyl
optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
L'-C(0)-OR", L'-P(0)-(OR"),, or L'-8(0),~OR ", wherein L' is a bond or alkylene, and R' is
selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; L>~O—C(O)-R?, wherein
L is a bond or alkylene, and R” is alkyl or hydroxyalkyl; L>~C(O)-NR*R*, wherein L’ is a
bond or alkylene, and R* and R* are each independently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl; L*-NR>~C(O)-R®, wherein L* is a bond or alkylene, R® is
hydrogen or alkyl, and R® is alkyl or hydroxyalkyl; and L'-NR*-S(0),-R’, wherein L’ is a
bond or alkylene, R? is hydrogen or alkyl, and R® is alkyl or hydroxyalkyl;

R” is selected from the group consisting of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, and
heteroaryl, wherein R” is optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; or R” is a bridging group between the phosphorus and another B ring
atom, wherein R” is selected from the group consisting of alkylene, alkenylene, alkynylene, and
—(CR41R42—O)q—, wherein R*' and R* are each independently hydrogen or alkyl, and wherein q
is 1 or 2, and wherein R” is optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano,
halo, haloalkyl or haloalkoxy;

as to RIO, R“, Rlz, and RB,

i R or R" together with R or R" form a ring; or
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ii. R'% and R together with the carbon atom to which they are attached form a
spirocyclic ring and/or R'? and R" together with the carbon atom to which they are attached

form a spirocyclic ring; or

ii. one or more of R'’, R', R'? and R"® form a ring together with a ring substituent of
ring A; or
iv. RIO, R“, Ru, and R'® do not form a ring,wherein R R Ru, and R 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; L"*~C(0)-OR'", L”®-P(0)- (OR'),, or L"*~-S(0),—OR'*, wherein L"? is a bond or
alkylene, and R' is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl;
L'5-0-C(0)-R'®, wherein L' is alkylene and R'¢ is alkyl or hydroxyalkyl; L'-C(O)-
NR'¥R'Y wherein L is a bond or alkylene, and R'® and R" are each independently selected
from the group consisting of hydrogen, alkyl, and hydroxyalkyl ; and L*-NR*' ~C(0)-R**,
wherein L% is alkylene, R*" is hydrogen or alkyl, and R* is alkyl or hydroxyalkyl; and

14 515
astoR"and R,

R' and R" together with the carbon atom to which they are attached form a spirocyclic
ring; or
one or more of R' and R" form a ring together with a ring atom or ring substituent of

ring B,

wherein, if any of substituents R and R do not form a ring, said substituents are each
independently selected from the group consisting of hydrogen; alkyl; alkenyl; haloalkyl; alkynyl;
oxoalkyl; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, or heteroaryl; heterocyclyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally substituted with alkyl,
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alkenyl, alkynyl, alkoxy, cyano, halo, 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; L"*~C(0)-OR'", L~P(0)~(OR'*),, or L"*~§(0),~OR'* wherein L'? is a bond or
alkylene, and R'* is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl;
L-0-C(0)-R'® wherein L' is alkylene, and R'® is alkyl or hydroxyalkyl; L'"-C(0)—
NR'¥R' wherein L' is a bond or alkylene and R'® and R" are each independently selected
from the group consisting of hydrogen, alkyl, and hydroxyalkyl; and L**-NR?*" -C(0)-R**,
wherein L% is alkylene, R*' is hydrogen or alkyl, and R* is alkyl or hydroxyalkyl.

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

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

(I-42), or a salt thereof:

d-1 1-2) (I-3) (I-4)
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(1-8) (1-9) (1-10) (1-11)

154



(1-12) (1-13) (1-14) (1-15)

X

(I-16) 1-17) (1-18) (1-19)
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(1-20) (1-21) (1-22) (1-23)

(1-24) (1-25) (1-26)
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1-27) (1-28) (1-29) (1-30)

1-31) (1-32) (1-33) (1-34)
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(1-35) (1-36) (1-37) (1-38)

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

wherein
X 1s a 6-membered cyclic phosphine of formula (Ia) or a phosphine of formula (Ib);
V!, V2, V3 and V* are eagh independently CR' orN;
V5, V6, V7, V® and V° are each independently CR? or N;

W', W, an W* are each independently selected from the group consisting of CR', NR!, N
and O;
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W*isCorN;
W2 is C or N;
W, W, W® and W’ are each independently selected from the group consisting of CR?,

NR?, N and O; and

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

substituted with R! and R.

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

cyclic phosphine of formula (Ia).

4. The compound according to claim 1, wherein X is the 6-membered cyclic
phosphine of formula (Ia) and wherein X is attached to an atom of Ar' adjacent to the atom

bonded to Ar’.

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

formula (Id), or a salt thereof:

(Id)

wherein
one or more of RIG, R”, ng, and R" optionally form a ring with Rlo, R", R or R ; or

RY together with R'8 optionally form a carbonyl; an exocyclic double bond optionally
substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a 3- to
7-membered spiro ring containing zero, one, or two heteroatoms, optionally substituted with

alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or
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R'6 and R" are each independently selected from the group consisting of hydrogen, halo,

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

R'” and R"® 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; L'-C(0)-OR", L'-P(0)—(OR"),, or L'=S(0),~OR", wherein L!
is a bond or alkylene, and R" is selected from the group consisting of hydrogen, alkyl and
hydroxyalkyl L>~0~C(O)-R?, wherein L? is a bond or alkylene, and R* is alkyl or
hydroxyalkyl; L*~C(O)-NR*R*, wherein L* is a bond or alkylene, R* and R* are each
independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*~
NR’ ’—C(O)—RG, wherein L* is a bond or alkylene, and R® is hydrogen or alkyl, R® is alkyl or
hydroxyalkyl; and alkylthjo; and

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

optionally a double bond.
6. The compound according to claim 5, wherein R'® and R" are hydrogen.

7. The compound according to claim 5, wherein R'” and R'® together with the
carbon atom to which they are attached form a 3-, 4-, 5-, 6-, or 7-membered spirocyclic ring

containing 0, 1, or 2 ring heteroatoms.

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

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

D e Do D
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1-65

1-55 1-56 1-57 1-58 1-59

1-60 1-61 1-62 1-63 1-64
20
. a SR 0
P
n
1-66 1-67 1-68 1-69, and
R"
—gﬁo
R"

1-70

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

C(R*),;

R? 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

nis0, 1, or 2.
9. The compound of claim 1, wherein Ar' and Ar® are each aryl.

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

substituted with three R”.
11. The compound of claim 1, wherein R' is alkyloxy and wherein R? is alkyl.
12. The compound of claim 1, wherein R? is isopropyl.
13. The compound of claim 1, wherein X is a phosphine of formula (Id):

163



(d)

wherein each of Rm, R, Rlz, RBis alkyl;

R'7 and R'® are each independently selected from the group consisting of hydrogen, or
R together with R'® optionally form a carbonyl or a 3- to 7-membered spiro ring containing

zero, one, or two heteroatoms;
each of R'® and R" is hydrogen; and
each of bonds a and b is a single bond.

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

spiro ring containing two heteroatoms.

15. The compound of claim 14, wherein the two heteroatoms are each oxygen.
16. The compound of claim 1, wherein R R R and R" are each methyl.
17. The compound of claim 2, said compound having the structure corresponding to

formula (I-1)
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d-1)
wherein
V! and V* are each CR!, wherein R' at each occurrence is alkoxy;
V? and V* are each CR', wherein R' at each occurrence is hydrogen;
VS, V7 and V? are each CRZ, wherein R? at each occurrence is alkyl;
V® and V® are each CRZ, wherein R? at each occurrence is hydrogen; and

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

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

1-1 1-3 1-5

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

formula (Ib),

R11
R10

JU}J’U"
) ;

Fe

or a salt thereof,
wherein

R'® R'"" R", and R" are, at each occurrence, independently selected from the group
consisting of alkyl, aryl, heteroaryl, and a ring formed by joining together R'® or R with R'? or
R

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

20. The compound of claim 2, said compound having a structure corresponding to
any of formulae (I-1) - (I-42), wherein X is a phosphine having a structure corresponding to a

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

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

to formula (I-1),

or a salt thereof,

wherein

V! and V* are CR', wherein R' is independently, at each occurrence, hydrogen or alkoxy;
V2 and V* are CRI, wherein R is independently, at each occurrence, hydrogen or alkoxy;

V> and V° are CR2, wherein R? is independently, at each occurrence, selected from the

group consisting of hydrogen, alkoxy, alkyl, and dialkylamino;
V% and V® are CR?, wherein R? is independently, at each occurrence, hydrogen or alkoxy;
V7 is CR?, wherein R? 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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1-1 1-2 1-3
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22. The compound of claim 21, wherein the compound is selected from the group

consisting of:
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphinane;
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphinan-4-one;
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphinan-4-ol;

7,7,9,9-tetramethyl-8-(2',4',6'-triisopropylbiphenyl-2-yl)-1,4-dioxa-8-
phosphaspiro[4.5]decane;

8,8,10,10-tetramethyl-9-(2',4',6'-triisopropylbiphenyl-2-yl)-1,5-dioxa-9-
phosphaspiro[5.5]undecane;

3,3,8,8,10,10-hexamethyl-9-(2',4',6'-triisopropylbiphenyl-2-yl)-1,5-dioxa-9-
phosphaspiro[5.5]undecane;

1-(2'-(dimethylamino)-6'-methoxybiphenyl-2-y1)-2,2.6,6-tetramethylphosphinan-4-one;
1-(2',6'-bis(dimethylamino)biphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2',6'-dimethoxybiphenyl-2-yl1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2',6'-diisopropoxybiphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2'-(dimethylamino)biphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;
1-(biphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;

1-(3,6-dimethoxybiphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;
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1-(3,6-dimethoxy-2',4',6'-trimethylbiphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;

2,2,6,6-tetramethyl-1-(2',4',6'-triisopropyl-3,6-dimethox ybiphenyl-2-yl)phosphinan-4-
one;

2,2,6,6-tetramethyl-1-(2',4',6'-triisopropyl-4,5-dimethox ybiphenyl-2-yl)phosphinan-4-
one;

1-(3",5'-dimethoxybiphenyl-2-yl1)-2,2,6,6-tetramethylphosphinan-4-one;

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

6-methoxy-N,N-dimethyl-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-
yl)biphenyl-2-amine;

N°, N, N® N-tetramethyl-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-
yl)biphenyl-2,6-diamine;

8-(2',6'-dimethoxybiphenyl-2-yl)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;

8-(2',6'-diisopropoxybiphenyl-2-yl)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;

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

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

8-(3,6-dimethoxybiphenyl-2-yl)-7,7,9,9-tetramethyl-1,4-dioxa-8-
' phosphaspiro[4.5]decane;

8-(3,6-dimethoxy-2',4",6'-trimethylbiphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;

7,7,9,9-tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)-1,4-dioxa-8-
phosphaspiro[4.5]decane;

7,7,9,9-tetramethyl-8-(2',4',6'-triisopropyl-4,5-dimethoxybiphenyl-2-yl)-1,4-dioxa-8-
phosphaspiro[4.5]decane;
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8-(3',5'-dimethoxybiphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;

8-(4'-tert-butylbiphenyl-2-yl)-7,7,9,9-tetramethyl- 1 ,4-dioxa-8-phosphaspiro[4.5]decane;

and
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)phosphinane.

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

to formula (I-8),

or a salt thereof,

wherein

V! and V? are each CR!, wherein R! is, at each occurrence, hydrogen;
V7 and V® are each CR?, wherein R is, at each occurrence, hydrogen;
V? is CR?, wherein R? is hydrogen;

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

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

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

consisting of:
2,2,6,6-tetramethyl-1-(2-(naphthalen-1-yl)phenyl)phosphinan-4-one; and

7,7,9,9-tetramethyl-8-(4-methyl-2-(naphthalen-1-yl)phenyl)-1,4-dioxa-8-
phosphaspiro[4.5]decane.

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

to formula (I-10),

or a salt thereof,

wherein

V! and V? are each CRI, wherein R! is, at each occurrence, hydrogen;
V7 and V8 are each CRZ, wherein R? is, at each occurrence, hydrogen;
V? is CR?, wherein R? 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 to a formula selected from the group

consisting of formulae 1-1, 1-3, and 1-5.
0
4B 0 R j 4B

1-1 1-3 1-5
26. The compound of claim 25, wherein said compound is selected from the group
consisting of:
1-(1,1'-binaphthyl-2-yl1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2'-methoxy-1,1'-binaphthyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
8-(1,1'-binaphthyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decane; and
8-(2'-methoxy-1,1"-binaphthyl-2-yl)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane.

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

to formula (I-9),

I-9)

or a salt thereof,

wherein
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vl VZ, V3 , and V* are each CRI, wherein Rl, at each occurrence, is hydrogen;
Ve, V¥ and V? are each CRZ, 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.
@]
- 0 R ] 3B

1-1 1-3 1-5

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

consisting of:
2,2,6,6-tetramethyl-1-(2-(naphthalen-2-yl)phenyl)phosphinan-4-one; and
7,7,9,9-tetramethyl-8-(2-(naphthalen-2-yl)phenyl)-1,4-dioxa-8-phosphaspiro[4.5]decane.

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

to formula (I-2),

or a salt thereof,
wherein

W! and W? are each CR!, wherein R, at each occurrence, is hydrogen;
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W and W* are each N;
Vv, V6, v V8, and V° are each CR2, wherein RZ, 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.
0
- 0 - ] 3P

1-1 1-3 1-5

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

consisting of:
2,2,6,6-tetramethyl-1-(1-phenyl-1H-pyrazol-5-yl)phosphinan-4-one; and
1-phenyl-5-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-yl)-1 H-pyrazole.

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

to formula (I-3),

or a salt thereof,
wherein
v Vz, V3 and V* are each CRI, wherein R , at each occurrence, is hydrogen;

W6, W7, W2 and W’ are each CR2, wherein RZ, at each occurrence, is hydrogen;
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W° 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.
O
4R o - j 4P

1-1 1-3 1-5

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

consisting of:
1-(2-(1H-pyrrol-1-yl)phenyl)-2,2,6,6-tetramethylphosphinan-4-one;

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

and
1-(2-(2,2,6,6-tetramethylphosphinan-1-yl)phenyl)-1H-pyrrole.

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

to formula (I-4),

(I1-4)
or a salt thereof, wherein
W' and W? are each CR!, wherein R!, at each occurrence, is hydrogen;
W and W* are each N;
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W’ is C;
W?¢ and W? are each CR?, wherein Rz, at each occurrence, is substituted or unsubstituted
phenyl;
7.\
W"is N;
W? is NR? wherein R?, at each occurrence, is phenyl optionally substituted with alkyl,

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

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

consisting of formulae 1-1, 1-3 and 1-5.
O
4R 0 - j 4P

1-1 1-3 1-5

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

consisting of:
2,2,6,6-Tetramethyl-1-(1',3',5"-triphenyl-1'H-1,4'-bipyrazol-5-yl)phosphinan-4-one;

1'1",3",5"-Triphenyl-5-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decan-8-yl)-1'H-
1,4'-bipyrazole; and

1',3',5-Triphenyl-5-(2,2,6,6-tetramethylphosphinan-1-yl)-1'H-1,4"-bipyrazole.

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




I-1)
or a salt thereof,
wherein
v V2, V? and V* are each CR!, wherein R! is, at each occurrence, hydrogen;
V° and V? are CR?, wherein R? is independently, at each occurrence, hydrogen or alkyl;
V® and V® are CR?, wherein R?, at each occurrence, is hydrogen;
V7 is CR?, wherein R? is hydrogen or alkyl; and

X is a phosphine of formula 1-37.

4P
1-37

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

consisting of:

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

phosphatricyclo[3.3.1.1*

]decane; and
8-(biphenyl-2-y1)-1,3,5,7-tetramethyl-2,4,6-trioxa-8-phosphatricyclo[3.3.1.

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

formula (Ic), or a salt thereof,

R*-Ar'—R
RP
R2-Ar?
(Ic)

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

or a salt thereof,

wherein,

V2, V3 , and V* are each independently CR! or N; and
V3 R V6, v, V® and V° are each independently CR?or N.

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

to formula (Ic-1a), or a salt thereof,

R‘I 4a

wherein,
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R'* 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 optionally
substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl;
dialkylamino; halo; haloalkyl; fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl,
alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy;
hydroxyalkyl; phenyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; L!-C(0)-OR", L'-P(O)-(OR"),, or L'-S(0),-OR"’, wherein L' is a bond
or alkylene, and R" is selected from the group consisting of hydrogen, alkyl and hydroxyalkyl;
L2-0-C(0)-R?, wherein L? is a bond or alkylene, and R* is alkyl or hydroxyalkyl;

LE;—C(‘O)-NR3 R*, wherein L* is a bond or alkylene, and R* and R* are each independently
selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*-NR>—C(O)-R®,
wherein L* is a bond or alkylene, R® is hydrogen and alkyl, and R® is alkyl or hydroxyalkyl; and
L’-NR®-S(0),-R”, wherein L’ is a bond or alkylene, R® is hydrogen or alkyl, and R’ is alkyl or

hydroxyalkyl.
40. A compound having a structure corresponding to formula (I),
R™—Ar-X
R?—Ar?
@
wherein

Ar' and Ar* are each independently aryl or heteroaryl, and wherein Ar' and Ar” are each

independently optionally substituted with one or more R' and R?, respectively;
Y P y

R' and R? are independently selected at each occurrence from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino;
dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl,
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alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(O)-OR ", L'-P(0)-(OR"),, or
L'-S(0),~OR", wherein L' is a bond or alkylene, and R is selected from the group consisting of
hydrogen, alkyl and hydroxyalkyl; L>~O—C(O)-R*, wherein L? is a bond or alkylene, and R* is
alkyl or hydroxyalkyl; L*~C(O)-NR> R*, wherein L* is a bond or alkylene, and R* and R* are
each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*~
NR>-C(O)-R®, wherein L* is a bond or alkylene, R® is hydrogen or alkyl, and R® is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; thioalkyl; and a ring containing an alkylene or -O—(CHj)—O- formed by the joining

together of any two R' or any two R” or an R' and an R? , whereinm is 1, 2, 3 or 4;

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

R‘H
R10 Q1\Q2
/ \
g—p P o)
R s
12 Qs
Ris

wherein

Q' is selected from the group consisting of a bond; -O— , —S—, -N(R*")—, =C(R**)-, and
CR®R™)-; |

, Q? is selected from the group consisting of a bond, ~O— , =S— , -N(R*’)— , =C(R**)—, and
—CRR™)-;

Q’is selectevd from the group consisting of a bond, -O— , —=S— , -N(R**)— , =C(R**)—, and
CRHR?)-;
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Q* is selected from the group consisting of a bond, ~O—, -S—, -N(R**)— , =C(R**)-, and
~CRP)R*)-;

Q’ is selected from the group consisting of a bond, ~O—, =S— , -N(R*")— , =C(R*)-, and
—C(R39)(R40)— ; and at least one of Ql, Qz, Q3 , Q4, and Q5 is not a bond; or

two of Q', Q% Q°, Q*, or Q 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;
asto R', RM, Rlz, and R13,
1. R' or R™ together with R'? or R" form a ring; or

il. R'® and R! together with the carbon atom to which they are attached form a
spirocyclic ring and/or R'? and R"® together with the carbon atom to which they are attached

form a spirocyclic ring; or

iil. one or more of R'’, R™, R'? and R" form a ring together with a ring substituent of

ring A; or

iv. Rlo, RY, RIZ, and R" do not form a ring, wherein Rlo, R'" R and R" 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; L"*~C(O)-
OR', LB—P(O)—— (OR14’)2, orL? ——S(O)2~OR14’, wherein L' is a bond or alkylene, and R is
selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; L'~0—C(O)-R ',
wherein L' is alkylene and R'® is alkyl or hydroxyalkyl; L'-C(O)-NR'*R"", wherein L' is a
bond or alkylene, and R'® and R'" are each independently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl ; and L20—NR21’—C(O)~R223, wherein L* is alkylene, R is
hydrogen or alkyl, and R** is alkyl or hydroxyalkyl; and
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R*!' -R* 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; L'-C(0)-OR", L'-P(0)-(OR"),, or
LI-S(O)Z-ORI’ where R' is hydrogen, alkyl or hydroxyalkyl and L' is a bond or alkylene; L*~O—
C(O)—R2 " where R is alkyl or hydroxyalkyl and L? is a bond or alkylene; L ——C(O)—NR3’R4)
where R* and R* are independently selected from H, alkyl, and hydroxyalkyl and wherein L is
a bond or alkylene; L*-NR> ~C(O)}-R® wherein R” is selected from H and alkyl, R® is selected
from alkyl and hydroxyalkyl, and L* is a bond or alkylene; and alkylthio; or additionally one or

more of R*' -R* form a ring with another of RIO, R“, RIZ, R and RZ_RY,

41. The compound according to claim 40, wherein X comprises a 4-membered ring.
42. The compound according to claim 40, wherein X comprises a 5-membered ring.
43. The compound according to claim 40, wherein X comprises a 7-membered ring

or an 8-membered ring.

44.  The compound according to claim 40, wherein Rlo, R”, R'2, and R" are
selected from the group consisting of alkyl, phenyl, and heteroaryl, or wherein R'® or R"!

together with R'? or R' form a ring.

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

structure corresponding to a formula selected from the group consisting of

T % G d g

P
2-1 2-2 2-3 2-4 2-5 2-6
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2-12 2-13

-2 .Q :
g

2-7 2-8 2-9 2-10 2-

B e E o

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

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

to formula (I-1),

or a salt thereof,
wherein

v, V2 V? and V* are each CRI, wherein R is, at each occurrence, hydrogen;
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V° and V° are CR?, wherein R? is independently, at each occurrence, hydrogen or alkyl;
V¢ and V?® are CR? , Wherein Rz, at each occurrence, is hydrogen;
V" is CR?, wherein R? 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

0O
0]

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

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

consisting of:
1-(biphenyl-2-yl1)-2,2,7,7-tetramethylphosphepan-4-one;
1-(biphenyl-2-y1)-2,2,7,7-tetramethylphosphepane;
2,2,7,7-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphepan-4-one;
2,2,7,7-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphepane;
2,2,8,8-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphocan-4-one; and
2,2,8,8-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2-yl)phosphocane.

48. A compound having a structure corresponding to formula (I),
R™—Ar-X
R%—Ar?
@
or a salt thereof,

wherein

Ar' and Ar® are each independently aryl or heteroaryl, and wherein Ar' and Ar” are each

independently optionally substituted with one or more R! and R?, respectively;
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R' and R? are independently selected at each occurrence from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino;
dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(0)-OR", L'-P(0)-(OR"),, or
L'-S(0),~OR", wherein L' is a bond or alkylene, and R is selected from the group consisting of
hydrogen, alkyl and hydroxyalkyl; L>-0-C(0O)-R?, wherein L? is a bond or alkylene, and R is
alkyl or hydroxyalkyl; L*~C(0)-NR*R"*, wherein L? is a bond or alkylene, and R> and R* are
each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*~
NR¥-C(0)-R®, wherein L* is a bond or alkylene, R is hydrogen or alkyl, and R® is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; thioalkyl; and a ring containing an alkylene or —-O—(CHj)n—O— formed by the joining

together of any two R' or any two R? or an R' and an R? , whereinm is 1, 2, 3 or 4; and

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

¢
P

v

2-17.

49. A compound having a structure corresponding to formula (I),
R™—Ar’-X
R%2—Ar?
ey

or a salt thereof,

184



wherein

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

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

R' and R? are independently selected at each occurrence from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino;
dialkylamino; ‘cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; cycloalkyloxy optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(O)-OR!, L'-P(0)-(OR"),, or
L'-S(0),~OR", wherein L' is a bond or alkylene, and R' is selected from the group consisting of
hydrogen, alkyl and hydroxyalkyl; L>~O—C(O)-R? , wherein L? is a bond or alkylene, and R* is
alkyl or hydroxyalkyl; L’~C(O)-NR> R*, wherein L’ is a bond or alkylene, and R* and R are
each independently selected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*-
NR>-C(0)-R®, wherein L* is a bond or alkylene, R’ is hydrogen or alkyl, and R® is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; thioalkyl; and a ring containing an alkylene or —O—(CH,),,,—O— formed by the joining

together of any two R' or any two R? or an R'and an R? ,Whereinmis 1, 2, 3 or4;

X is a phosphine of formula (Ia):

RIO Rll

\/
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wherein ring 4 includes 0 to 9 ring atoms in addition to the phosphorus and 2 carbon ring
atoms of formula (Ia), wherein said ring atoms are each independently selected from the group

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

wherein the ring atoms of ring 4 are each independently optionally substituted with one
or more substituents selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl;
alkylamino; alkylthio; alkynyl; aminoalkyl; N;alkylaminoalkyl; N,N-dialkylaminoalkyl;
N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; dialkylamino; halo; haloalkyl;
fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an exocyclic double
bond optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or
heteroaryl; a 3- to 7-membered spiro ring containing zero, one, or two heteroatoms; phenyl
optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
L'-C(0)-OR", L'-P(0)-(OR"),, or L'-S(0),~OR ", wherein L' is a bond or alkylene, and R' is
selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; L>~O-C(O)-R* , wherein
L? is a bond or alkylene, and R? is alkyl or hydroxyalkyl; L>~C(O)-NR*R*, wherein L* is a
bond or alkylene, and R* and R* are each independently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl; L*-NR>~C(0)-R®, wherein L* is a bond or alkylene, R® is
hydrogen or alkyl, and R® is alkyl or hydroxyalkyl; and L’-NR¥~S(0),—R’’, wherein L is a
bond or alkylene, R® is hydrogen or alkyl, and R” is alkyl or hydroxyalkyl; and

as to RIO, R”, Rlz, and R13,
i R' or R together with R'? or R"® form a ring; or

ii. R'’ and R together with the carbon atom to which they are attached form a
spirocyclic ring and/or R'> and R" together with the carbon atom to which they are attached

form a spirocyclic ring;

wherein, any of substituents R'®, R'!, R?, and R"® that do not form the ring set forth in (i)
or (ii) are each independently selected from the group consisting of hydrogen; alkyl;

alkenyl; haloalkyl; alkynyl; oxoalkyl; cycloalkyl optionally substituted with alkyl,
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alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocyclyl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; phenyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl;
N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; thioalkyl;
LP-C(0)-OR", LP-P(O)- (OR'™),, or L'*~S(0),~OR'*, wherein L"* is a bond or
alkylene, and R'* is selected from the group consisting of hydrogen, alkyl and
hydroxyalkyl; L'>~O-C(O)-R'®, wherein L' is alkylene and R' is alkyl or
hydroxyalkyl; L''-C(0)-NR'® R"’, wherein L' is a bond or alkylene, and R'® and R’
are each independently selected from the group consisting of hydrogen, alkyl, and
hydroxyalkyl ; and L**-NR*"'~C(O)-R*, wherein L% is alkylene, R*' is hydrogen or
alkyl, and R** is alkyl or hydroxyalkyl.

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

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

(I-42), or a salt thereof:
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(1-8) (1-9) (1-10) (1-11)
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(1-12) (1-13) (1-14) (1-15)

(1-16) 1-17) (1-18) (1-19)
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(1-20) 1-21) (1-22) - (123)
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(1-27) (1-28) (1-29) (1-30)

(1-31) (1-32) (I-33) (1-34)
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(1-35) (1-36) (1-37) : (1-38)

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

wherein
v V2, V2, and V* are each independently CR' orN;
Vv, Ve V7 V¥ and V? are each independently CR?or N;

W', W2, an W° are each independently selected from the group consisting of CR',NR', N
and O;

W*is C or N;
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W° is C or N;
W, W, W® and W’ are each independently selected from the group consisting of CR?,

NR2, N and O; and

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

substituted with R! and R>.

51. The compound according to any one of claims 49-50, wherein ring 4 is a 4-, 5-,
6-, 7-, or 8-membered ring, and wherein each of the ring atoms in addition to the phosphorus

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

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

53. The compound according to claim 49, wherein ring 4 of formula (Ia) is
tricyclic.

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

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

RZO
ﬁﬁ ﬁ@
1-23 ) ) 2 1-27
O/§ RZO
(@) \
N\Rzo OR20
+P +P +P +P
1-28 1-29 1-30 1-31
ﬂ% ﬂﬂN\RZO - ﬂﬁ ’
1-32 1-33 1-34 1-35 1-36
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1-37 3 1-39 4 4
1-45 - 1-46 1-47 1-48,and ~ 1-49

or a salt thereof, wherein R’ is hydrogen, alkyl, aryl, heteroaryl, arylalkyl or
heteroarylalkyl, wherein the aryl, heteroaryl, aryl of arylalkyl and heteroaryl of heteroarylalkyl
are optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or
haloalkoxy.

55. 7,1,9,9-tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-y1)-1,4-
dioxa-8-phosphaspiro[4.5]decane.
56. A catalyst composition comprising a transition metal catalyst precursor and a

compound according to any one of claims 1-55.

57. The catalyst composition according to claim 56, wherein the transition metal
catalyst precursor is selected from the group consisting of palladium, rhodium, ruthenium,

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

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

catalyst precursor contains palladium.

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

compound according to claim 8.

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

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

compound according to claim 37.

62. A catalyst composition comprising a palladium catalyst precursor and 7,7,9,9-
tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)-1,4-dioxa-8-
phosphaspiro[4.5]decane.

63. A heterogeneous catalyst composition comprising a compound according to any
one of claims 1-55 covalently bonded to a solid catalyst support.

64. A method for synthesizing a secondary organic sulfonamide, comprising
reacting an aryl nonaflate with a primary sulfonamide in the presence of a palladium catalyst

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

65. A method of performing a bond-forming reaction comprising catalyzing said
reaction with a compound of formula (I), wherein the bond-forming reaction is selected from
the group consisting of carbon-nitrogen, carbon-oxygen, carbon-carbon, carbon-sulfur, carbon-

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

66. A method of forming a bond in a chemical reaction comprising catalyzing said
reaction with a compound of formula (I), wherein the bond is selected from the group
consisting of a carbon-nitrogen bond, a carbon-oxygen bond, a carbon-carbon bond, a carbon-

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

67. A method of preparing phosphacycles of formula (I) comprising:
metalation of a biaryl halide to form a biaryl lithium species;
reacting a chlorophosphate with said biaryl lithium species to form a biaryl phosphonate;
reduction of second product to form primary phosphine; and

reacting primary phosphine with a divinylketone.
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