WE CLAIM:

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

R™—Ar-X
2__ A2
R Ar /
/
0 /
or a salt thereof,
wherein /'/

/
Ar' and Ar* are each independenﬂy aryl or heteroaryl, and V{herein Ar' and Ar* are each
independently optionally substituted with one or more R and}}, respectively;

R' and R? are independently selected at each occurr)z{ice from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyi/;ZIkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino;
dialkylamino; cycloalkyl optionally substituted vyff alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; cycloalkyloxy optiong&’[y substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkox; 4 5 or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cya?x/,vhalo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenyl, alkyny,l;/alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; hydroxyalkoxy; alkgx/yalkyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-t iﬁlkylammonimnalkyl; L'-C(0)-OR", L'-P(0)-(OR"),, or
L'-S(0),~OR", wherein L! §§/a bond or alkylene, and R' is selected from the group consisting of
hydrogen, alkyl and hydr?j{;falkyl; L2-O—C(0O)-R?, wherein L* is a bond or alkylene, and R* is
alkyl or hydroxyalkyl%}isﬁ(O)-NR3’R4’, wherein L? is a bond or alkylene, and R*  and R* are
each independenﬂy fiélected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L*—
NR*-C(O)-R?, y{herein L* is a bond or alkylene, R® is hydrogen or alkyl, and R® is alkyl or
hydroxyalkyl}/s;ﬂfamoyl; N-(alkyDsulfamoyl; N,N-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; }Hi/oalkyl; and a ring containing an alkylene or —O—(CH;)y—O- formed by the joining

/
togethey/of any two R! or any two R?or an R' and an R? ,whereinmis 1,2, 3 or4;

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

wherein ring 4 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): /.«/
7
11 /
R1O R /
—é-—-—z; j F
/
12/
R ) / R13 - or
/ Ib
o (Ib)
X is a 6-membered cyclic phfﬁéphine fused to Ar' to give a compound of formula (Ic):
://
/ R4
/ B
/ R‘l 5
/ R-Ar'—F
/ | RP
/ 2.
R2-Ar?
/

Y ()

/ , .
wher?%l, ring B is a phosphorus heterocyclic ring with four ring atoms in addition to the

hosphory€ and carbon ring atoms of formula (I-c), wherein said ring atoms are each
pnosp
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wherein the ring atoms of ring 4 and ring B are each independently optionally substigdted

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

alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; dialkylamino;)/alo; haloalkyl;
fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl, alkynyl, /vffkoxy, cyano, halo,
haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkylyoxo; an exocyclic double
bond optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycigalkyl, heterocyclyl, or

heteroaryl; a 3- to 7-membered spiro ring containing zero, on¢/0r two heteroatoms; phenyl

L'-C(0)»-OR", L'-P(0)-(OR"),, or L'-S(0),~OR ", wheyéin L' is a bond or alkylene, and R! is
selected from the group consisting of hydrogen, alkyl p/r hydroxyalkyl; L*~O~C(O)-R?, wherein
L% is a bond or alkylene, and R is alkyl or hydro:gyé/lkylg L*~C(0)-NR*R*, wherein L’ is a
bond or alkylene, and R** and R* are each in:i?lndently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl; L*-NR’ -C(O

hydrogen or alkyl, and R® is alkyl or hydlyzf){yalkyl; and L'-NR¥-S(0),-R”, wherein L is a

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

»R®, wherein L* is a bond or alkylene, R® is

bond or alkylene, R® is hydrogen or allyl, and R” is alkyl or hydroxyalkyl;
// . .

R is selected from the gro%ﬁ (consisting of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, and
heteroaryl, wherein R” is option/aﬂy substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; or R,P/ is a bridging group between the phosphorus and another B ring
atom, wherein R” is select c{ from the group consisting of alkylene, alkenylene, alkynylene, and
-(CR41R42~O)q~, Whe?'n[{“ and R* are each independently hydrogen or alkyl, and wherein q
is 1 or 2, and whereid R” is optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano,
halo, haloalkyl 0)/Z‘

10

asto i 0, R“, R", and R13,

aloalkoxy;

i R or R" together with R'? or R™® form a ring; or
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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 attache

form a spirocyclic ring; or

. A
iii. one or more of R'%, R", R'? and R form a ring together with a ring gibstituent of
ring A; or
iv. R RM, R'% and R" do not form a ring,wherein R RM R"™/and R* are each

independently selected from the group consisting of hydrogen; alkyl; a117=(y1; haloalkyl; alkynyt;
oxoalkyl; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl,/alkoxy, cyano, halo,
haloalkyl or haloalkoxy; heterocyclyl optionally substituted with alk/{i alkenyl, alkynyl, alkoxy,
cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally subsf}'ztuted with alkyl, alkenyl,
alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl f)tionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkgXy; hydroxyalkyl; alkoxyalkyl;
aminoalkyl; N-alkylaminoalkyl; N,N- -dialkylaminoalkif}‘/ ,N,N-trialkylammoniumalkyl;
thioalkyl; L'*~C(0)-OR', L®-P(0)- (OR*),, or 173 —S(0),—OR', wherein L" is a bond or
alkylene, and R'* is selected from the group consfy{ting of hydrogen, alkyl and hydroxyalkyl;
L”-0-C(O)-R'®, wherein L" is alkylene and{,Rm’ is alkyl or hydroxyalkyl; L'-C(0)—

NR'"® R wherein L' is a bond or alkylene/ ;nd R'® and R" are each independently selected
from the group consisting of hydrogen, a}k/yl, and hydroxyalkyl ; and L**-NR*''-C(0)-R*,
wherein L% is alkylene, R*' is hydr(igéﬁ or alkyl, and R** is alkyl or hydroxyalkyl; and

14 15 /
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'14 and R" form a ring together with a ring atom or ring substituent of

/

ring B, /

/
whereir;/{/f any of substituents R™ and R" do not form a ring, said substituents are each
independent/l/ selected from the group consisting of hydrogen; alkyl; alkenyl; haloalkyl; alkynyl;
oxoalkyl;,ﬂé;cloalkyl optionally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterog¥yclyl, or heteroaryl; heterocyclyl optionally substituted with alkyl, alkenyl, alkynyl,
alkyx/y, 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(O}-OR'*, LP—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 hydfoxyalkyl;
L'"-0-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 each indepéndently selected
R2'_C(0)-R®
wherein L? is alkylene, R*' is hydrogen or alkyl, and R* is alkyl or ydroxyalkyl.

from the group consisting of hydrogen, alkyl, and hydroxyalkyl; and L*

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

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

(I-42), or a salt thereof:

v V%\v WZT—:W
JVA . ) \vv4 X
|
i W5
W6 YVS wWo we ,"'\\‘.\Wg
\i“ n/ \ 7_/8
W7;W8 Wi—Ww
(I-3) ’ (I-4)
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(1-16) (1-17 (1-18) (1-19)
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(1-20) (1-21) 12 / (1-23)

(1-24)

156




157




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

wherein /
Xisa6- Ax:red cyclic phosphine of formula (Ia) or a phosphine of formula (Ib);
V!, V¥/V? and V* are each independently CR" or N;
V/5, V8 V7, V¥ and V? are each independently CR? or N;

Wl, w2 ,an W? are each independently selected from the group consisting of CR}, NRI, N
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W*is C or N;
W is CorN;

WS, W', W® and W’ are each independently selected from the group consisting ;a% CR?,
NR? N and O; and

/
ring C, at each occurrence, is a fused-aryl or fused-heteroaryl and is 07ﬁa’r/1ally

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 i%e 6-membered cyclic
phosphine of formula (Ia) and wherein X is attached to an at?{ of Ar' adjacent to the atom

bonded to Ar’. //

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

formula (Id), or a salt thereof:

/ (1d)
wherein /
one or more fleé, R”, ng, and RY optionally form a ring with Rm, RY R or RB; or

RY togeﬂ’{er with R'® optionally form a carbonyl; an exocyclic double bond optionally
substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a 3- to
7-membergd spiro ring containing zero, one, or two heteroatoms, optionally substituted with

alkyl, glkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or
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R'® and R" are each independently selected from the group consisting of hydrogen, hal

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

R'7 and R'® are each independently selected from the group consisting of hydrog
fluoro; alkyl; alkenyl; alkynyl; haloalkyl; fluoroalkyl; alkyloxy; N-alkylamino;
N,N-dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyyxﬁoxy, cyano,
halo, haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted with alkyt, alkenyl,
alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally/substituted with
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy, pheyé optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl/or haloalkoxy; arylalkyl
optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, )yﬁo, haloalkyl or haloalkoxy;
hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N¢dialkylaminoalkyl;
N,N,N-trialkylammoniumalkyl; 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 C/Xsfsting of hydrogen, alkyl and
hydroxyalkyl L2—O~C(O)—R2’, wherein L? is a bond oﬁkylene, and R* is alkyl or
hydroxyalkyl; L3*-C(0)-NR*R*, wherein L* is a byéd or alkylene, R* and R* are each
independently selected from the group consistir}géf hydrogen, alkyl, and hydroxyalkyl; L*-
NR®> —C(0)-R®, wherein L* is a bond or alky}éhe, and R® is hydrogen or alkyl, R® is alkyl or

£
hydroxyalkyl; and alkylthio; and //

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

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

7. The comp);ﬁind according to claim 5, wherein R'” and R'® together with the
carbon atom to whichjﬂ/lrey are attached form a 3-, 4-, 5-, 6-, or 7-membered spirocyclic ring

.. /.
containing 0, 1, or 2 ring heteroatoms.

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

structure co espondmg to a formula selected from the group consisting of:

e
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1-1 1-2 1-3 1-4

SRZO

ORZO
o) R20

1-19 / 1-20 1-21 1-22
/ R20
W
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1-23 1-24 1-25 1-26 1-27

1-28 1-31 /

\Rzo OR% / 0
135/ 1-36

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

1-60 1-61 -
20
S s . SR
P
HOQ * )
-65 1-66 1-67
1-65 ) Y
R" //
e /
R /

1-70 /

£
or a salt thereof, wherein R" is selectéd from the group consisting of oxygen, NR¥, and

CR*); y

p
R* is hydrogen, alkyl, aryl, héteroaryl, arylalkyl or heteroarylalkyl, wherein the aryl,
/
heteroaryl, aryl of arylalkyl and h/e{eroaryl of heteroarylalkyl are optionally substituted with
alkyl, alkenyl, alkynyl, alkoxy/é!yano, halo, haloalkyl or haloalkoxy; and

nis0, 1, or2. //

i

/
9. The c;;fnpound of claim 1, wherein Ar' and Ar* are each aryl.
;

/
10. Thé compound of claim 1, wherein Ar' is substituted with two R' and A is

substituted w;ﬂi 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




(1d) /

wherein each of R, R, R"?, RYis alkyl;
/

R'” and R'® are each independently selected from the group/ c’:onsisting of hydrogen, or

/ .
R'7 together with R'® optionally form a carbonyl or a 3- to 7—rr/1@i-nbered spiro ring containing

zero, one, or two heteroatoms; /
16 19 . ) /
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' together with R'® form a 5-membered
7
spiro ring containing two heteroatoms. /

/

15. The compound of claim /1/4, wherein the two heteroatoms are each oxygen.
/

16. The compound of clal/m 1, wherein RIO, R R and R are each methyl.

17. The compound O,Aaim 2, said compound having the structure corresponding to
formula (I-1)
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(I-1)
wherein
V! and V* are each CRI, wherein R! at each occurrence is alkoxy;

V2 and V* are each CR', wherein R' at each occurrence is hydrogen; y
/

/
Vs, V7 and V? are each CRZ, wherein R? at each occurrence is alkyl; /
V® and V?® are each CR%, wherein R” at each occurrence is hydrogen; and

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

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

4P 0 - ZJ 4R

/
1-1 !113 1-5
/
18. The compound according to clijxﬁ 1 or claim 2, wherein X is a phosphine of
formula (Ib), /
S
/,/ ’ R
/ R1O
/
:'/
L=
f/‘i
/ 12

/ R 13

/ R

/

/ (Ib)

/
/
or a salt théreof,

wherei

/

R RY, R', and R" are, at each occurrence, independently selected from the group
consis)/fng 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 bondedvto AL,

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

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

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/éR], wherein R' is independently, at each occurrence, hydrogen or alkoxy;
/
V2 and VS/ére CR', wherein R' is independently, at each occurrence, hydrogen or alkoxy;
y :

< /
Vv’ and’V % are CR2, wherein R? is independently, at each occurrence, selected from the

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

/’{6 and V® are CRz, wherein R? is independently, at each occurrence, hydrogen or alkoxy;

/" V" 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
@] O //
1-4 1-5 / 1-64

22.  The compound of claim 21, wherein the comp/odnd is selected from the group

consisting of: /

2,2,6,6-tetramethyl-1-(2',4', 6'—triisopropylbipheny«é—yl)pho sphinane;
2,2,6,6-tetramethyl-1 -(2',4',6‘—triisopr0pylbipl}aﬂyl-2—yl)phosphinan—4-0ne;
2,2,6,6-tetramethyl-1 -(2‘,4‘,6'—triisopropyl%henyl-Z-yl)phosphinan—4-01;

7,7,9,9—~tetramethy1—8-(2‘,4‘,6’—niisopropélbiphenyl-Z—yl)—1 J4-dioxa-8-

phosphaspiro[4.5]decane; ,//

/
8,8,10,10-tetramethyl-9-(2',4, f'/friisopropylbiphenyl~2-yl)— 1,5-dioxa-9-

phosphaspiro{5.5Jundecane; y

/

3,3,8,8,10,10-hexamethy] ”—/9~(2',4‘,6'—triisopropylbiphenyl-2—y1)—l ,5-dioxa-9-
/

phosphaspiro[5.5]Jundecane; /

1 —(2‘-(dimethy1a?n'/no)-6 '-methoxybiphenylé—yl)—2,2,6ﬁ6-tetramethylphosphinan—4—one;
1-(2',6'-bis(di é:thylamino)biphenyl—z—yl)-2,2,6,6-tetramethylphosphinan—4-one;

1 -(2',6‘—(;i/ﬁlethoxybiphenyl-2-y1)-2,2, 6,6-tetramethylphosphinan-4-one;

1 -(2'ﬁ(diisopropoxybiphenyl-Z-yl)—2,2,6,6-tetramethylpho sphinan-4-one;

1 7(2/' -(dimethylamino)biphenyl-2-yl)-2,2,6,6-tetramethylphosphinan-4-one;
1-(biphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(3,6-dimethoxybiphenyl-2-y1)-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-on

2,2,6,6-tetramethyl-1-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)phosphinan4-

one;
2,2,6,6-tetramethyl-1-(2',4',6'-triisopropyl-4,5 —dimethoxybiphenyl—Z—yl)ph; _
one; ' /
/
1-(3.5 '—dimethoxybiphenyl-Z-yl)-2,2,6,6-tetramethylph0sphinan—4—0}xé;

/
1-(4'-tert-butylbiphenyl-2-yl1)-2.2,6,6-tetramethylpho sphinan-4—9n/e;
6-methoxy-N,N-dimethyl-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8 /ho sphaspiro[4.5]decan-8-
yl)biphenyl-2-amine; /

N N° N® N'-tetramethyl-2'-(7,7,9,9-tetramethyl-1 A—di/qf/}ga—S-pho sphaspiro[4.5]decan-8-

yl)biphenyl-2,6-diamine;
/
8-(2',6 ‘-dimethoxybiphenyl—2-y1)—7,7,9,9-tetraryéthy1— 1,4-dioxa-8-
/

phosphaspiro[4.5]decane; /
8-(2',6 '-diisopropoxybipheny1—2—yl)—7,7/,{9{9—tetramethyl- 1,4-dioxa-8-

phosphaspiro[4.5]decane; /

S

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

/

8—(biphenyl-Z—yl)-7,7,9,9—;&ramethy1~ 1,4-dioxa-8-phosphaspiro[4.5]decane;

8-(3, 6—dimethoxybiph?ﬁ/y1—Z-yl)- 7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane; //

Y

8-(3, 6—dimetho§/§f—2‘,4', 6'-trimethylbiphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-

phosphaspiro[4. S]dggane;
//
7, 7,9,9—9e/tramethyl-8 -(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-y1)-1,4-dioxa-8-
/

phosphaspir?{'é} .S]decane;

}/7{9,9-tetramethy1—8—(2',4',6'—triisopropyl—4,5-dimethoxybiphenyl-iZ—yl)- 1,4-dioxa-8-
phos /aspiro[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-y1)-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 structire corresponding

to formula (I-8),

or a salt thereof, /

i /
wherein /
V! and V?* are each C/]é, wherein R! is, at each occurrence, hydrogen;
V7 and V? are eagh CR?, wherein R? is, at each occurrence, hydrogen;
V? is CR?, wherein R? 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

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

24. The compound of claim 23, wherein said compound is selecte from the group

consisting of:
2,2,6,6-tetramethyl-1-(2-(naphthalen-1 —yl)phenyl)phosphyén-él-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 compouncyxéving a structure corresponding
to formula (I-10),

or a salt thereof, /
/
wherein /
V! and V? dre each CR, wherein R! is, at each occurrence, hydrogen;
V7 andV® are each CR?, wherein R? is, at each occurrence, hydrogen;

V® 15 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 grou

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

O
.%—P o} %—P Oj ;i‘) ) /
' /

/
1-1 1-3 1-5/
26. The compound of claim 25, wherein said compound iye/lected from the group
consisting of: Y
/
1-(1,1'-binaphthyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-otie;

/
1-(2'-methoxy-1,1'-binaphthyl-2-y1)-2,2,6, 6-tetramethy/1{>hosphinan»4—0ne;
8-(1,1'-binaphthyl-2-y1)-7,7,9,9-tetramethyl-1,4-digka-8-phosphaspiro[4.5]decane; and
8-(2'-methoxy-1,1 '—binaphthyl—Z—yl)—7,7,9,9-te§;7é{methyl— 1,4-dioxa-8-

/

phosphaspiro[4.5]decane. //

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

to formula (I-9),

/ (1-9)
;14 a salt thereof,

wherein
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VI, V2, VS, and V* are each CRI, wherein RI, at each occurrence, is hydrogen;
Vo, V® and V° are each CR? , Wherein Rz, 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 frorh the group

consisting of formulae 1-1, 1-3, and 1-5. ' /
‘ /
5 /
4P o P 3B/
g
//
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~y1)phe/n/§71)phosphinan—4—one; and
7,7,9,9-tetramethyl—8-(2-(naphthalen-Z-y?vﬂenyI)— 1,4-dioxa-8-phosphaspiro[4.5]decane.

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

to formula (I-2), /

ora ét thereof,
herein

W' and W are each CRI, wherein Rl, at each occurrence, is hydrogen;
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W?* and W* are each N;

Vo , V6, V7, Vg, and V? are each CRZ, wherein Rz, at each occurrence, is hydrogen;

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

3P 0 P Oj 4P /

@]
/
/
1-1 1-3 // 1-5
30. The compound of claim 29, wherein said compg)aéxd is selected from the group
consisting of: //
/

2,2,6,6-tetramethyl-1-(1-phenyl- 1H—pyrazol-S-yl)pl;é'éphinan-4—one ; and
/
1-phenyl-5-(7,7,9,9-tetramethyl-1 ,4~dioxa~8—ph))§/phaspiro [4.5]decan-8-yl)-1H-pyrazole.

31. The compound of claim 20, said /c/gmpound having a structure corresponding
to formula (I-3), /

/ (1I-3)
or a salt thereof,
/
wheréin
Yl, V2 , V? and V* are each CRI, wherein R, at each occurrence, is hydrogen,;

W, W, W® and W’ are each CR?, wherein R, 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 groyp

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

4B 0 P Oj 4P /

/
/
-1 13 15
32. The compound of claim 31, wherein said compound i$ selected from the group

consisting of:
1-(2-(1H-pyrrol-1 —yl)phenyl)-2,2,6,6—tetramethylphosphiﬁan—él—one;
1-(2-(7,7,9,9-tetramethyl-1 ,4-dioxa—8-phosphaspiro[/é]decan—8—y1)pheny1)-IH -pyrrole;

and /
- 1-(2-(2,2,6,6-tetramethylphosphinan-1 —yl)ph,e‘f;yl)- 1H-pyrrole.
Y

33. The compound of claim 20, &7(( compound having a structure corresponding

to formula (I-4), /

// WE\W 4" X
/"// \/‘\/5 ’
/x/ Wweé ‘,' - '>W9
/ . )
/ Vi
/ (I-4)

y,
% salt thereof, wherein

/ "W! and W? are each CR', wherein R, at each occurrence, is hydrogen;

/ W? and W* are each N;

g
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W is C;
W?® and W’ are each CRZ, wherein Rz, at each occurrence, is substituted or unsubstituted

phenyl;
/
W is N;
W? is NR?, wherein R?, at each occurrence, is phenyl optionally substiEyfed with alkyl,

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

X is a phosphine having a structure corresponding to a formula §¢fected from the group
/

/
/
i

o /
+R =0 %-§D<O;/
//

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

/
1-1 1-3 / 1-5
34. The compound of claim 33, Whe;‘;é said compound is selected from the group
consisting of: /
/

2,2,6,6-Tetramethyl-1-(1',3",5 '—triph?{yl— 1'H-1,4'-bipyrazol-5-yl)phosphinan-4-one;

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

13,5 ‘-Triphenyl-S-(2?2,6ﬂ—tetramethylphosphinan- 1-y1)-1'H-1,4"-bipyrazole.
. /

/ '
35. A compout}d’ having a structure corresponding to formula (I-1),
/
/
/
/
/
//
/




-1

or a salt thereof,

wherein /

Vl, V2, V? and V* are each CR!, wherein R’ is, at each occurrence, hydrog@(;
7
/
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. /

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

consisting of: /
/

1,3,5,7- tetramethyl 8-(2',4' 6‘—tr11s«gpropylb1phenyl 2-y1)-2,4,6-trioxa-8-
phosphatricyclo[3.3.1. 1*"1decane; an}l/

8-(biphenyl-2-yl1)-1,3,5, 7 be/tramethyl 2,4,6- tr10xa—8~phoophatrlcyclo[3 3.1.1*"]decane.

37. The compo d of claim 1, said compound having a structure corresponding to
p }ﬂ P g

formula (Ic), or a salt th?;éof,
y 14
Y B R
/ R'l 5
/ R™-Ar'—R
/ l RP
/ 272
/ R4-Ar

Vs (Io)

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, V?, and V* are each independently CR! (/)r/N ; and

/

5 /
V3, V8, V7, V& and V° are each independeritly CR? or N.

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

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

/ R14a
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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 optighally
substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, or heteroary},
dialkylamino; halo; haloalkyl; fluoroalkyl; heteroaryl optionally substituted Wiyé‘l/kyl, alkenyl,
alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocycloalkyl optiodally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy;
hydroxyalkyl; phenyl optionally substituted with alkyl, alkenyl, alkyny),/alkoxy, cyano, halo,
haloalkyl or haloalkoxy; L!-C(0)-OR", L'-P(0)-(OR"),, or L'-S(O /OR", wherein L' is a bond
or alkylene, and R'" is selected from the group consisting of hydrggen, alkyl and hydroxyalkyl;
12.0-C(O)-R?, wherein L% is a bond or alkylene, and R* is alkyl or hydroxyalkyl;

LS-C(‘O)-NR3 R, wherein L? is a bond or alkylene, and R 4nd R* are each independently
selected from the group consisting of hydrogen, alkyl, hydroxyalkyl; L*-NR*-C(O)-R",

wherein L* is a bond or alkylene, R is hydrogen and 4lkyl, and R® is alkyl or hydroxyalkyl; and
L’-NR¥-S(0),-R’, wherein L is a bond or alkylené, R? is hydrogen or alkyl, and R’ is alkyl or

hydroxyalkyl.
40. A compound having a stru/g/tére corresponding to formula (I),
// R™—Ar’-X
/ 2 2
// Re—Ar
" M
///
wherein /

/
/I
Ar' and Ar® are éach independently aryl or heteroaryl, and wherein Ar' and Ar* are each

independently optionally substituted with one or more R! and R?, respectively;
P y option.

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; zlkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkylamino;
Ve Y.

ino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloglkyl 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; N,N,N-trialkylammoniumalkyl; L'-C(0)-OR", L'-P(O)~(
L'-S(0),~OR", wherein L' is a bond or alkylene, and R is selected from the g;z; consisting of

-
)2, Or

hydrogen, alkyl and hydroxyalkyl; L>-0-C(O)-R? ', wherein L? is a bond or ﬁcylene, and R? is
alkyl or hydroxyalkyl; L’-C(0O)-NR? R*, wherein L? is a bond or alkylene/ and R* and R are

1, and hydroxyalkyl; L'~
NR®*~C(O)-R®, wherein L* is a bond or alkylene, R® is hydrogen oy’alkyl, and R® is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl)sulfarhoyl; sulfonamide; sulfate;

each independently selected from the group consisting of hydrogen, al

alkylthio; thioalkyl; and a ring containing an alkylene or —O— /Hz)m — formed by the joining

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

X is a phosphine of formula (Ie), or a salt ther;éf,

wherein

,f)/
Q' is selected frop{ the group consisting of a bond; -O—, -S—, ~NR*")-, =C(R®)-, and
CRHRM-; S |

//
, Q% is sele/ct’éd from the group consisting of a bond, -O—, -S—, “N(R*)-, =C(R**)-, and
_‘C(R27)(R28)_; /’/'
/
Qj’ ,i/s selected from the group consisting of a bond, —O— , =S— , -N(R*)— , =C(R**)—, and
“CRDR?)-
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Q* is selected from the group consisting of a bond, -O—, —-S—, “NR®)-,=CR*)-,a
CR?)R)-;

Q’ is selected from the group consisting of a bond, -0~ , =S—, -N(R*")—, =C(R/3 -, and
~C(R¥)(R*)-; and at least one of Q', Q%, Q°, Q*, and Q’ is not a bond; or

two of Q', Q%, Q%, Q*, or Q’ together form a carbonyl; an exocyclic doublg bond
optionally substituted with alkyl, alkenyl, aryl, cycloalkyl, heterocyclyl, or he}e/roaryl; ora
3-8-membered spiro ring containing zero, one, or two hetero ring atoms, optionally substituted

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

asto R'’, R", R and R", /
/
L. R'%or R' together with R'? or R® form a ring; oy
/
1i. R and R" together with the carbon atom Kt?x{hich they are attached form a

spirocyclic ring and/or R' and R" together with the carp n atom to which they are attached

form a spirocyclic ring; or /
iii.

one or more of R'%, R, R™ and le form a ring together with a ring substituent of

ring 4; or //
1v. R]O, R”, R? , and R do notform a ring, wherein Rlo, R R' and R" are each

independently selected from the group cgnsisting of alkyl; alkenyl; haloalkyl; alkynyl; oxoalkyl;
cycloalkyl optionally substituted witlyalkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or
haloalkoxy; heterocyclyl optionajl}y substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; heterodryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy,
cyano, halo, haloalkyl or ha}éalkoxy; phenyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, halq,a'l/kyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl;
N-alkylaminoalkyl;@]}lép-dialkyiaminoalkyl; N,N,N-trialkylammoniumalkyl; thioalkyl; L"*~C(O)-
OR', le——P(O)— R'Y),, or Lls—S(O)y_—ORw, wherein L" is a bond or alkylene, and R is
selected from tl} group consisting of hydrogen, alkyl and hydroxyalkyl; L°~0-C(0)-R'®,
wherein Lls/s'/alkylene and R'® is alkyl or hydroxyalkyl; L17~C(O)—NR18’RI9’, wherein L' is a
bond or a}/léylene, and R'® and R'” are each independently selected from the group consisting of
hydro /n, alkyl, and hydroxyalkyl ; and LY-NR*'-C(0)-R*, 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 o
hydrogen, halo, fluoro, alkyl, haloalkyl, fluoroalkyl, alkenyl, alkynyl, alkyloxy, N-alkylapino,
N,N-dialkylamino, N,N,N-trialkylammoniumalkyl; substituted or unsubstituted cycloajkyl,
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(O)-OR", L‘~P§rz§j-(0R")2, or
L'-S(0),-OR" where R" is hydrogen, alkyl or hydroxyalkyl and L' is a bgn/d or alkylene; L>~O—
C(O)-R* where R? is alkyl or hydroxyalkyl and L? is a bond or alkyle/g}g; L3—C(O)—NR3 R
where R* and R* are independently selected from H, alkyl, and hydy&;yalkyi and wherein L’ is
a bond or alkylene; L*-NR>~C(0)-R® wherein R’ is selected frgz%{ H and alkyl, R® is selected
from alkyl and hydroxyalkyl, and L* is a bond or alkylene; amj/éikylthio; or additionally one or

more of R*! -R* form a ring with another of Rlo, R”5 R?, 3, and R*1.R*.

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

42.  The compound according to claim 4(), wherein X comprises a 5-membered ring.

43. The compound according to clgfrf;l 40, wherein X comprises a 7-membered ring
or an 8-membered ring. - H //

44. ~ The compound according to claim 40, wherein R'%, R"!, R"?, and R** are

selected from the group consisting of/élkyl, phenyl, and heteroaryl, or wherein R or R
Y,
together with R'? or R form a ring.

45. The compoun%faccordlng to claim 40, wherein X is a phosphine having a
structure corresponding to K4 formula selected from the group consisting of
/I

/S

f

ﬁ;§2<ﬁ@fcﬁ2§

2-1 / 2-2 2-3 2-4 2-5 2-6
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J;—m%g%

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

/
/
*p #p “p ?‘JP o Vi
//
| y

Me
R Q Me
P
[T
2-12

- -13

2-14 2-15 2-16 // 2-18 2-19
46. The compound of claim 40, sai;/ compound having a structure corresponding
to formula (I-1), /
/
47T N

R NYA

/
/
or a/alt thereof,

¢herein

1 . .
Vl, Vz, V? and V* are each CR!, wherein R' is, at each occurrence, hydrogen;
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V3 and V? are CR?, wherein R? is independently, at each occurrence, hydrogen or alkyl;
V® and V? are CR2, wherein R2, 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

/
e} /
///
//

2-3 2-4 2-18 2-19.
47.  The compound of claim 46, wherein the com{ound is selected from the groui)
consisting of: Y,

1—(biphenyl-Z—yl)—2,2,7,7-tetramethylpho/sghepan-dr—one;
l-(biphenyl—Z-yl)-Z,2,7,7—tetrameth¥lzﬁﬁ)sphepane;
2,2,7,7-tetramethyl-1-(2’,4',6'-trifi{séf1)ropylbiphcnyl~2—yl)phosphepan—4-one;
2,2,7,7-tetramethyl-1 -(2',4',Q}/{;iisopropylbiphenyl-Z-yl)phosphepane;
2,2,8,8-tetramethyl-1 -(2}4":;'—triisopropylbiphenyl-z—yl)pho sphocan-4-one; and
2,2,8,8-tetramethyl-/1/7(2’,4‘,6'-niisopropylbiphenyl—2-yl)phosphocane.

/

48. A compoundy&?/ing a structure corresponding to formula (I),
/ R™—Ar’-X

/ 2 A2
/ R Ar

/ @

/

ora s?&élereof,

Whé{'ein
‘Ar' and Ar® are each independently aryl or heteroaryl, and wherein Ar' and Ar® are each

indépendently 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, %yl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; 5- or 6-membered heteroaryl optiop4lly substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; pheayl optionally
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or iycz:lkoxy;
hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N—alkylamino;a,l/(yl;
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 selectéd from the group consisting of
hydrogen, alkyl and hydroxyalkyl; 12-0-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, and R* and R* are
each independently selected from the group consisting y(/ hydrogen, alkyl, and hydroxyalkyl; L*~
NR*-~C(0)-R®, wherein L* is a bond or alkylene, Rsf:/is hydrogen or alkyl, and R® is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N,)¥-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; thioéikyl; and a ring contaihing an /a)ﬂgflene or —O—(CH,),—O- formed by the joining

together of any two R!or any two R? or an/lil and an R? , whereinmis 1, 2, 3 or4; and

X is a phosphine having a strug,tﬁre corresponding to formula 2-17

/ &

, / b
/ 2

/ 2-17.

49. A So/r;ipound having a structure corresponding to formula (1),

/ R'—Ar’-X

/ RZ—ARZ

/ @

or a salt thereof,

184




wherein

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

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

R! and R? are independently selected at each occurrence from the group ¢onsisting of
hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroaryloxy; arylamino; heteroarylamino; alkyl/i:ﬁno;
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;
-alkylaminoalkyl;
N,N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl L'-C(O)-OR", L'-P(O)-(OR"),, or

hydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl;

hydrogen, alkyl and hydroxyalkyl; L*-0-C(0)-
alkyl or hydroxyalkyl; L3-C(O)-NR*R*, whefein L’ is a bond or alkylene, and R* and R* are

LI-S(O);Z—ORI’, wherein L' is a bond or alkylene, apd R is selected from the group consisting of
}/?wherein L? is a bond or alkylene, and R* is

each independently selected from the group’consisting of hydrogen, alkyl, and hydroxyalkyl; L'
NRS’——C(O)——RQ, wherein L* is a bond or/lkylene, 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 coyfé/ining an alkylene or ~O—(CH;),—O—- formed by the joining

together of any two R' or an:?/c/) R?or an R'and an R? , whereinmis 1, 2, 3 or 4;

X is a phosphine of/ formula (Ia):

/ N/
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wherein ring 4 includes 0 to 9 ring atoms in addition to the phosphorus and 2 carbon #ing
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 A4 are each independently optionally substituted with one
or more substituents selected from the group consisting of alkenyl; alkoxy; alk?f/ alkyl; alkyl;
alkylamino; alkylthio; alkynyl; ammoalkyl N—alkylammoalkyl N,N- dlalkylzymnoalkvl
N,N,N-trialkylammoniumalkyl; arylalkyl optionally substituted with alkyl/,/alkenyl alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyl optionally subgﬁtuted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; dlalk amino; halo; haloalkyl;
fluoroalkyl; heteroaryl optionally substituted with alkyl, alkenyl ﬁ(lkynyl alkoxy, cyano, halo,
haloalkyl or haloalkoxy; heterocycloalkyl optionally substituted w1th alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hy%rbxyalkyl' oxo0; an exocyclic double
bond optionally substituted with alkyl, alkenyl, alkynyl/iryl cycloalkyl, heterocyclyl, or
heteroaryl; a 3- to 7-membered spiro ring contalmng gero, one, or two heteroatoms; phenyl
optionally substituted with alkyl, alkenyl, alkynylyélkoxy, 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 o/f/i]ydroxyalkyl' L3——C(O)—NR3’R4’ wherein L is a
bond or alkylene, and R* and R* are ea/ h 1ndependently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl /E —-NR5 ~C(O)»-R®, wherein L*is a bond or alkylene, R’ is
hydrogen or alkyl, and R® is alk;ﬁ or hydroxyalkyl; and L’-NR® —S(O)2~R wherein L is a
bond or alkylene, R is hydrggen or alkyl, and R’ is alkyl or hydroxyalkyl; and

asto R', R", R'? 4nd RY,
s
i RY or/R’fl together with R'? or R'® form a ring; or
/ . .
il. R'%4nd 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 spirogyclic ring;

erein, 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, haly/
haloalkyl or haloalkoxy; phenyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; amhinoalkyl;
N-alkylaminoalkyl; N,N-dialkylaminoalkyl; N,N,N—trialkylammoniuma/kal; thioalkyl;
L2-C(0)-OR™, L®-P(0)- (OR'),, or L¥*-5(0),~OR'*, wherein ;fg is a bond or
alkylene, and R' is selected from the group consisting of hydr(?ﬁ{l, alkyl and
hydroxyalkyl; L'*~O-C(O)-R'®, wherein L' is alkylene and RB*¢ is alkyl or
hydroxyalkyl; L''-C(O)-NR'¥R'?’, wherein L' is a bond qlz;ylene, and R and R
are each independently selected from the group consistiné /of hydrogen, alkyl, and
hydroxyalkyl ; and LZO—-NRZF-—C(O)-RE, wherein L/z/ is alkylene, R?! is hydrogen or
alkyl, and R % is alkyl or hydroxyalkyl. / r

50.  The compound according to claim 49, said compound having a structure
corresponding to a structure of a formula selecte,d;from the group consisting of formulae (I-1) -

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




(1-8) //(1-9) (1-10) (I-11)
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(1-12) (I-13) (I-14) / (I-15)

(1-16) /(17 (1-18) (I-19)
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(120) (1-21) (1-22) /f (1-23)

190




191




(1-35) (1-36) (1-37) / : (1-38)

(I-39) /(1-40) (I-41), and (1-42)
/’
/
//
wherein /
/
vi Ve, },7/3', and V* are each independently CR' orN;
/

Ve, \/ﬁ’,/ V7, V& and V’ are each independently CR* or N;

,Wi, W2, an W* are each independently selected from the group consisting of CR', NR!, N

/
and O,

W41$CorN;
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W3 is C or N;

Wo W', W® and W’ are each independently selected from the group consisting of
NRZ, 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 additi

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

52. The compound according to claim 49, wherein ring 4 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:

H s @% a@w ﬂé@

-2 1- 24/ 1-25 -2 2

. ﬁﬂ AT A

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

N\Rzo OR20 o]

1-32 -3 -3 1-35 1-36
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CF;

1-37 1-38 1-39
1-45 - 1-46 ‘ 1-47 1-48, an;if 1-49

or a salt thereof, wherein R? is hydrogen, alkyl, ar$l, heteroaryl, arylalkyl or
heteroarylalkyl, wherein the aryl, heteroaryl, aryl of arylalkyl and heteroaryl of heteroarylalkyl

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

haloalkoxy. ' /

/
55. 7,7,9,9-tetramethyl-8-(2',4',6triisopropyl-3,6-dimethox ybiphenyl-2-yl)-1,4-
dioxa-8-phosphaspiro[4.5]decane.

o A . . ...
56. A catalyst composmén comprising a transition metal catalyst precursor and a

compound according to any one, ({f claims 1-55.

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

platinum, gold, cobalt, /ridium, copper and nickel.

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

catalyst precurser contains palladium.

A catalyst composition comprising a palladium catalyst precursor and a

compound according to claim 8.

A catalyst composition comprising a palladium catalyst precursor and a

coipound 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 compoy d according to any

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

64. A method for synthesizing a secondary organic sulfoyémide, comprising
reacting an aryl nonaflate with a primary sulfonamide in the pres/eﬁ/ce 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 redction comprising catalyzing said
reaction with a compound of formula (I), wherein the bénd-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 /u/a chemical reaction comprising catalyzing said
/
reaction with a compound of formula (I),/)ovherein 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 lgﬁ)éd, a carbon-boron bond, a carbon-fluorine bond and a

carbon-hydrogen bond. x’/

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

metalation of a biaryl h/gﬁ/de to form a biaryl lithium species;

//
reacting a chloroph@sf)hate with said biaryl lithium species to form a biaryl phosphonate;
reduction of secgé product to form primary phosphine; and

reacting pri}z’ary phosphine with a divinylketone.
/

/
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CLAIMS

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; L2-0-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, 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;
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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? , wherein m is 1, 2, 3 or 4;

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

RIO Rll

\/

(Ia)

wherein ring 4 includes three carbon ring atoms in addition to the phosphorus and 2

carbon ring atoms of formula (Ia);

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
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optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
L'-C(O)-OR", L'-P(0)-(OR" )2, 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>-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, and R* and R* are each independently selected from the group consisting of
hydrogen, alkyl, and hydroxyalkyl; L*-NR’ ’—C(O)—Ré’, 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;

as to RIO, R“, Ru, and R13,
i R' or RM 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; or

iii. one or more of R'%, R"", R' and R" form a ring together with a ring substituent of
ring A; or
iv. R R'" R and R" do not form a ring,wherein R R'" R™ and R" are cach

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(0)~
OR', LB—P(O)—— (ORM’)Z, or LB—S(O)z—ORW, 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
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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.

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:




(1-12) (I-13) (I-14) (1-15)
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(1-20) (1-21) (1-22) (1-23)
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(1-27) (1-28) (1-29) (1-30)
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(131) (1-32) (1-33) (1-34)

(1-35) (1-36) 1-37) (1-38)

156



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

wherein
X is a 6-membered cyclic phosphine of formula (Ia) or a phosphine of formula (Ib);
Vl, V2, V3, and V* are each independently CR! or N;
V3, V8 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 CorN;
W’ 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, 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’.
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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:

(Id)

wherein
one or more of R'®, R, R'®, and R optionally form a ring with R'®, R, R'2, or R"; or

R'7 together with R'® 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

R'% 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 haloalkoxys;
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'
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is a bond or alkylene, and R' is selected from the group consisting of hydrogen, alkyl and
hydroxyalkyl L2-0-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(0)-R®, wherein L*is a bond or alkylene, and 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 one of bonds a or b is

optionally a double bond.
5. The compound according to claim 4, wherein R'® and R" are hydrogen.

6. The compound according to claim 4, 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.

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:

1-1 1-2 -3 -4
OR%
1-5 1-6 -7
% bN'H 'E—P \ b
}_Rzo R }_Rzo
@] O O
1-8 1-9 1-10
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1-70

or a salt thereof, wherein R" is selected from the group consisting of oxygen, NRY, and
CR™)z;

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

nis 0, 1, or 2.
8. The compound of claim 1, wherein Ar' and Ar” are each aryl.

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

substituted with three R%.

10. The compound of claim 1, wherein R’ is alkyloxy and wherein R? is alkyl.
11. The compound of claim 1, wherein R? is isopropyl.
12. The compound of claim 1, wherein X is a phosphine of formula (Id):
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(1d)

wherein each of Rlo, R RIZ, RBis alkyl;

R' 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.

13. The compound of claim 12, wherein R’ together with R'® 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 R, R“, Rn, and R'? are each methyl.
16. The compound of claim 2, said compound having the structure corresponding to

formula (I-1)
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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 CR? , wherein R? at each occurrence is alkyl;

V¢ 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 group

consisting of formulae 1-1, 1-3 and 1-5.
0
4R 0 - :] 4R

1-1 1-3 1-5

17. 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).

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

or a salt thereof,

wherein

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

V3 and V? are CR? , 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.
0
-%-?XDZO %“%?ORZO %—boj

1-1 1-2 1-3
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L0 0 o

1-4 1-5 1-64

19. The compound of claim 18, 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-§-
phosphaspiro[4.5]decane;

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

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

1-(2'-(dimethylamino)-6'-methoxybiphenyl-2-yl)-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-yl)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2',6'-diisopropoxybiphenyl-2-yl1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(2'-(dimethylamino)biphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(biphenyl-2-y1)-2,2.6,6-tetramethylphosphinan-4-one;
1-(3,6-dimethoxybiphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
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-dimethoxybiphenyl-2-yl)phosphinan-4-

one;
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2,2.6,6-tetramethyl-1-(2',4',6'-triisopropyl-4,5-dimethox ybiphenyl-2-yl)phosphinan-4-
one;

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

1-(4'-tert-butylbiphenyl-2-yl)-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-yl1)-7,7,9,9-tetramethyl-1,4-dioxa-§8-
phosphaspiro[4.5]decane;

8-(2',6'-diisopropoxybiphenyl-2-yl1)-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-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro{4.5]decane;

8-(3,6-dimethoxy-2',4',6"-trimethylbiphenyl-2-yl1)-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;

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

20. The compound of claim 17, 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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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-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.

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

formula (1-10),

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 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.
O
3R 0 P ] 4R

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'-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;
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.

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

formula (I-9),

I-9)

or a salt thereof,
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wherein

V1 V2 V3, and V* are each CR', wherein R', at each occurrence, is hydrogen;
Ve , V8 and V? are each CRZ, wherein RZ, 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.

M
o
O

[\{'\f\f‘
ik

O
\_/

I\I}M

T

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-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.

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

formula (I-2),

W2__vv1

N X

or a salt thereof,
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wherein

W' and W? are each CR!, wherein R', at each occurrence, is hydrogen;

W and W* are each N;

Vv, Vé, V', 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.

MY
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27. The compound of claim 26, 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.

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

formula (I-3),

or a salt thereof,
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wherein

Vl, V2, V? and V* are each CR', wherein R!, at each occurrence, is hydrogen;
we, W, W8 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 group

consisting of formulae 1-1, 1-3 and 1-5.
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29. The compound of claim 28, 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.

30. The compound of claim 17, said compound having a structure corresponding to
formula (I-4),

Wz‘—_T:W1
L
\;/\-/ . X
\
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1-4)

or a salt thereof, wherein

W! and W? are each CRl, wherein RI, at each occurrence, is hydrogen;

W and W* are each N;

W is C;

W?® and W’ are each CRZ, wherein Rz, at each occurrence, is substituted or unsubstituted
phenyl;

W isN;

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.
@]
4R o P ] $-R

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-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.

32. A compound having a structure corresponding to formula (I-1),
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or a salt thereof,

wherein

v V2 V? and V* are each CRI, 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 CRz, wherein Rz, at each occurrence, is hydrogen;

V7 is CR?, wherein R? is hydrogen or alkyl; and

X is a phosphine of formula 1-37.

.g_p
1-37

33. The compound of claim 32, 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-yl)-1,3,5,7-tetramethyl-2,4,6-trioxa-8-phosphatricyclo[3.3.1.1 3”7]decane.
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34. A compound having a structure corresponding to formula (I),

RI—Ar’-Xx
R2—Ar?
M

wherein

Ar' and A 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(0)-R*, wherein L? is a bond or alkylene, and R? is
alkyl or hydroxyalkyl; L} —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(0)-R®, wherein L* is a bond or alkylene, R is hydrogen or alkyl, and R® is alkyl or
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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*oranR'and an R?, whereinm is 1, 2, 3 or 4;

X is a phosphine of formula (Ie), or a salt thereof,
Ry
R1 0 %/Q'I ~
i
/
R Q:
Ris

-

Q' is selected from the group consisting of a bond; —~O—, —=S— , -N(R*!)—, =C(R*)-, and
—CRPRM)-;

Q,
\
Q3 (Ie)
/
Q4
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
~CRP)RY)-;

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

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 Q', Q?, Q3, Q*, and Q’ is not a bond; or

two of Q], Q2 , Q3, Q4, 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;

as to R, RY, R", and RY,
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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

1v. Rm, R”, Ru, and R" do not form a ring, wherein R RY 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(0)-
OR™, L13—P(O)~ (ORM))Z, or L13~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"*~O-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 L*-NR*'"-C(0)-R**, wherein L% is alkylene, R*' is
hydrogen or alkyl, and R* is alkyl or hydroxyalkyl; and

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
L'-S(0),-OR" where R is hydrogen, alkyl or hydroxyalkyl and L' is a bond or alkylene; L*~O—
C(O)-R* where R? is alkyl or hydroxyalkyl and L? is a bond or alkylene; L*~C(O)-NR*R*
where R* and R* are independently selected from H, alkyl, and hydroxyalkyl and wherein L} is
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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 R, R" R"2, RB, and R*'-R¥.

3s. The compound according to claim 34, wherein X comprises a 4-membered ring.
36. The compound according to claim 34, wherein X comprises a 5S-membered ring.
37. The compound according to claim 34, wherein X comprises a 7-membered ring

or an §-membered ring.

38. The compound according to claim 34, wherein R R Ru, and R'® are
selected from the group consisting of alkyl, phenyl, and heteroaryl, or wherein R' or R"

together with R orR" 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

T % F T Ay

2-1 2-2 2-3 2-4 2-5 2-6
Me
R R R Q R Q Me
P
—P P ﬂ% Aﬁ / A7
2-7 2-8 2-9 2-10 2-11 2-12 2-13

N 0]
. X, » )
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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 (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;
Ve and V?® are CRz, wherein Rz, 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

O
0]

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

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

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

R'—Ar-X
R2—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?, res ectively;
P 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
Ll—S(O)r—ORl’, 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
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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—(CH,),,—O- formed by the joining

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

X is a phosphine of formula (Ia):

(Ia)

wherein ring 4 includes 0O 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;
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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; L2-0—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, 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 Rw, R“, R”‘, 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 Rlo, R Rm, and R'? that do not form the ring set forth in (i)
or (i) 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™, LB-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(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 L*-NR?*"-C(0)-R**, wherein L* is alkylene, R*' is hydrogen or
alkyl, and R* 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 (I-1) -

(1-42), or a salt thereof:

V2
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(1-12) (1-13) (I-14) (1-15)
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(1-20) (1-21) (1-22) (1-23)
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(1-27) (1-28) (1-29) (1-30)
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(1-31) (1-32) (1-33) (1-34)

(1-35) (1-36) (1-37) (1-38)
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(1-39) (1-40) (1-41), and (1-42)

wherein
v Vz, VS, and V* are each independently CR'orN;
Vo, V6, Vv, 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;

W is C or N;

W, W7, 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%.

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

45, The compound according to claim 42, wherein ring A4 of formula (Ia) is bicyclic.
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46. The compound according to claim 42, wherein ring 4 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:

i OR%
O OH N‘R2° OR2

O/> 20
© Rl\\l ~R20 OR%

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

N‘R2° OR20 0




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.

48. 7,7,9,9-tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)-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-
tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethoxybiphenyl-2-yl)-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-forming 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 forming a bond in a chemical reaction comprising catalyzing said
reaction with a compound of any one of claims 1-48, wherein the bond 1s 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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