CLAIMS

s

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

R'—Ar"-X a
/‘/l
RZ—Ar? /
M Vs
/
or a salt thereof, /./ '
wherein //

Ar' and Ar” are each independently aryl or heter}faryl, and wherein Ar' and Ar are each

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

R' and R* are independently selected at eaéh occurrence from the group consisting of

/

hydrogen; amino; hydroxyl; cyano; halo; alkylyalkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteréaryloxy; §r§lamino; heteroarylamino; alkylamino;
dialkylamino; cycloalkyl optionally subyiéuted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy; cycioalkylo;&/optionaﬂy substituted with alkyl, alkenyl, alkynyl,
a%koxy, cyano, halo, haloalkyl or @ﬂioalkoxy_; 5- or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alk/oy/(y, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, alkenylfﬂ‘alkynyl, alkoxy, cyano, halo, haloalkyl or halealkoxy;
hydroxyalkyl; hydroxyallggizy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyi;
N,N-diaikylammoaikyg;-ﬁN,Mtriaikylmoniumaikyl; L'~C(O-OR", L'-P(O)-(OR" ), or
L'-8(0)-OR", wh;réin L' is a bond or alkylene, and R' is selected from the group consisting of
hydrogen, alkyl g;né hydroxyalkyl; L*-O-C(O)-R*, wherein L? is a bond or alkylene, and R is
alkyl or hydro {/&Ikyl; L*-C(O)-NR*R”, wherein L* is a bond or alkylene, and R* and R* are
each indepgndently sclected from the group consisting of hydrogen, alkyl, and hydroxyalkyl; L'~
NRSLC@_-R&’, wherein L is a bond or alkylene, R” is hydrogen or alkyl, and R® is alkyl or
hydrofyalkyl; 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? , whereinm is 1, 2, 3 or 4;

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

RiO Rll

\/ /

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

carbon ring atoms of formula (Ia);

wherein the ring atoms ogffgng A are each independently optionally substituted with one
or more substituents selected ;frf;m the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl;
alkylamino; alkyvlthio; alky;ng;i; aminoalkyl; N-alkylaminoalkyl; MN—dialkyiaminoalkyl;
N,N,Nntrialkylammoniumélkyl; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, péfoaikyl or haloalkoxy; cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, z}lliéxy, cyano, halo, haloalky! or haloalkoxy; dialkylamine; halo; haloalkyl;
fluoroalkyl; he;;é;oaryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyanoc, halo,
haloalkyl or,laéloalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cya/no, 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 hatoalkoxy;
L'-C(0)-ORY, L'-P(0)-(OR )z, or L'=S(0)-OR", wherein L' is a bond or alkylené, and R is
selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; LZ%O-C§®)——R2’, wherein
L? is a bond or alkylene, and R? is alkyl or hydroxyalkyl; L*-C(O)}-NR* R, /W/herein Liisa
bond or alkylene, and R® and R* are each independently selected from tht—:_j/g";oup consisting of
hydrogen, alkyl, and hydroxyalkyl; L*-NR®-C(0)-R®, wherein L* is a/b‘f:;nd or alkylene, R® is
hydrogen or alkyl, and R® is alkyl or hydroxyalkyl; and L7-NR8’~S(/Q{2—R9! wherein L' is a
bond or alkyleﬁe, R¥ s hydrogen or alkyl, and R’ is alkyl or hydl;p’gyalkyl;

/.

/
as to Rw, R“, R, and R13, ,/
i R'® or R together with R™ or R? form/é/ ;ing; oF
il R!%and R" together with the carb(?éom to which they are attached form a

spirocyclic ring and/or R' and R" together wi%'he carbon atom to which they are attached

s
7

form a spirocyclic ring; or

. A
iii. one or more of R'®, R", }}Vand R" form a ring together with a ring substituent of
ring A, or g
iv. Rioj RY R™ and R}}/do not form a ring,wherein R'®, R 1, Rm, and R* are each

independently Selected‘from the/g/x;oup consisting of alkyl; alkenyl; haloalkyl; alkynyl; oxoalkyl;
cycloalkyl optionally substitl.}tféli with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or
haloalkoxy; heterocyclyl opéonaﬂy substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haioalkox}i{;/"/;leteroary} optionally substituted with alkyl, alkenyl, alkynyl, alkoxy,
cyano, halo, haloaikyi'";)r haloalkoxy; phenyl optionaliy substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, ha}dg halealkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl;, aminocalkyl;
N’-alkyiaminoa},}égfl; N, N-dialkylaminoalkyl; NN, N-trialkylammoninmalkyl; thioatkyl; LY*~C(O)-
OR', L§'3~P/\/é))— (OR'Y,, or LP-8(0),~OR™, wherein L' is a bond or alkylene, and R is
selected from the group consisting of hydrogen, alkyl and hydroxyalkyl; L1°*~O-C(O)-R'?,
Wherej,n/ L is alkylene and R'® is alkyl or hydroxyalkyl; L'~-C(O)-NR'®* R, wherein L' is a
b(}}( or alkylene, and R™® and R™ are each independently selected from the group consisting of

s
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/

hydrogen, alkyl, and hydroxyalkyl ; and LY NR*'-C(0)-R*, wherein L% is alkylend, R*! is

hydrogen or alkyl, and R** is alkyl or hydroxyalkyl. y

/

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

corresponding to a structure of a formula selected from the group cons;iéting of formulae {I-1) -

{I-42), or a salt thereof:
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(1-12) PN (AL (1-14) (1-15)
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(1-20) g2 1-22) (1-23)
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(1-27) /;"/ (1-28) (1-29) (1-30)
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(135) (_;défé) (37) (1-38)
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(1-39) (1-40) (141), and C(1-42)

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

V!, v2 V2, and V* are each indeper;d%ntly CR' or N;
. //
V3 Ve V7 v and V? are each ipﬁependently CR?or N:
/£
N /
WL W2 an W° are each independently selected from the group consisting of CR', NR!, N

and O; /

,/’

-

WHisCorN; S/

W is C or N; /

-

wo W, wh agid W are sach independently selected from the group consisting of CR?,
NR® N and O; a.nd

ring , _at/each occurrence, is a fused-aryl or fused-heteroaryl and 1s optionally

substituted Wf‘th R' and R*.
/

A, The compound according to claim 1, wherein X is the 6-membered cyclic
phogphine of formula (Ia) and wherein X is attached to an atom of Ar’ adjacent to the atom
nded to Ar’.
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4. The compound according to claim 1 or claim 2, wherein X is a phosphife of

formula (Id), or a salt thereof:

(g

wherein S
O1E OF MOore ole(’, R”,RES, and R"’ optionally form a ring with RIO, R“, Riz, or Rw; or

RY togethe1 with R’ optionaliy form a ca onyl; an exocyclic double bond optionally
substituted with alkyl, alkenyl, alkynyl, arvyl, cyéloalkyi heterocyclyl, or heteroaryl; or a 3- to
7—membered spiro ring containing zero, on% /o two heteroatoms; optionally substituted with

alkyl, alkenyl, alkynyl, aryl, cycloalkyl, }zeterocyclyi, or heteroaryl; or
4

1 and R" are each indepenge/ntly selected from the group consisting of hydrogen, halo,

alkkyl, haloalkyl, fluoroalkyl, alkengl, and alkoxy; or
: /

2

" and R'® are each i.xgdépendenﬂy selected from the group consisting of hydrogen; halo;
- fluoro; alkyl; alkenyl; alkyz}y/l/; haloalkyl; fluoroalkyl; alkyloxy, N-alkylamino;
N,N-dialkylamino; cycloalkyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano,
halo, haloalkyl or hal.gé{ikoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl,
alkynyl, alkoxy, cyaéo, halo, halealkyl or haloalkoxy; hetercaryl optionally substituted with
alkyl, alkenyl, qlflé},fllyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy, phenyl optionally
substituted wj{E alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; arylalkyl
optionally Substitated with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haioaikoxy,
hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl; N,N-dialkylaminoalkyl;
“trialkylammoniumalkyl; L'-C(O}-OR", L'“P(Q)~(OR ), or L'-S(0),~OR"’, wherein 1.
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is a bond or alkylene, and R" is selected from the group consisting of hydrogen, alkyl aid
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, R® and R* ar¢’each
independently selected from the group consisting of hydrogen, alkyl, and hydrdxyaikyl L
NR*—C(O)-R®, wherein L is a bond or alkylene, and R is hydrogen or alk’yl R® is alkyl or

Ve
7
7

hydroxyalkyl; and alkyithio; and

at least one of bonds ¢ and b in formula (Id) is a singi.e bon’d/and one of bonds ¢ or b is

optionally a double bond. e '

. e .
5. The compound according to claim 4, Wherein,i:{[6 and R'® are hydrogen.

6. The compound according 1o claim 4, wheyg in R'7 and R*® together with the
carbon atom to which they are attached form a 3-, 4- /'a/ 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}

/ |
oS sp/ ot e

1-1 -y 1-3 1-4

. OR2 R
.g_P // g %—P N
OR® R#
1-5 1-6 1.7
H R20
= =Y 4-p N’)‘
R2O R20
0 o
1.9 1-10
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1-11
s ol §-p
1-15 1-16
g 4P
1-19 1-20 /1 1-22
/
RZO
ORZO
a@ @m
1-23 A4 125 1-26 2
.‘///
O/> 220 -
o :
%N\Rzo - it
+P P P P }
1-28 1-29 1-30 1-31
/

| o N=R20 OR2
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1-32 1-33 1-34 1-35 1-36 /

1-55

1-60 / 1-61 1-62 1-63 1-64
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Iy ,
1-65 1-66 1-67 168 /
| y
Rﬂ /{f
e
i
R" \ /
(/{
. £
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/
or a salt thereof, wherein R" is selected froth the group consisting of oxygen, NR*, and

CR™)y;

R™ is hydfbgen, alkyl, aryl, heteroaryl, axyfaikyl or heteroarylalkyl, wherein the aryl,
heteroaryl, aryl of arylalkyl and heteroaryl of @e{eroarylailcyl are optionally substituted with
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo;ﬂéaioalkyl or haloalkoxy; and '

nisQ, I, or 2. /
/_/
8. The compound of claim 1, wherein Ar' and Ar” are cach aryl.
9. The compound{_;sz claim 1, wherein Ar' is substituted with two R and A is

substituted with three R®.  /
10. The com;:r/é;und of claim 1, wherein R’ is alkyloxy and wherein R® is alkyl.

11. The gd;npound of claim 1, wherein R? is isopropyl.

'
A

12. The compound of claim 1, wherein X is a phosphine of formula (Id):
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(1d) /

wherein each of R'%, RY, RY RY s alkyl; i

R'” and R*® are each independently selected from th;;/éroup consisting of hydrogen, or
. . Vi
RY together with R*® optionally form a carbonyl or a 3- t}y/%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. ,

//

I3. The compound of claim 12, wherein R'7 together with R'® form a 5-membered
/

spiro ring containing two heteroatom§;/

4. The compound of ¢laim 13, wherein the two heteroatoms are each oxygen.

15. The compound{o/f claim 1, wherein R, R, R, and R* are each methyl.

s
/f . . . . .

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

formula (I-1) /
J/‘.r;
///
. //
/‘/
Y,
7
/ |
/
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V8 eeet B /
\V7/ /
/

(1-1)

wherein e ’

//

V! and V* are each CR', wherein R' at each occ ;rence is alkoxy;

V? and V* are each CR', wherein R! at each gccurrence is hydmgen;

V®, V7 and V* are each CR?, wherein R? /ﬁ each occurrence is alkyl;

V® and V? are each CR?, wherein .Rz/éifféach occurrence is hydrogen; and

/
X is a phosphine having a structyz‘e corresponding fo a formula selected from the group

consisting of formulae 1-1, 1-3 and 1/—2)/

0
o ¢ Qj i
3 |

1- 1-5

4".
z/’

17./ The cdmpound of claim 2, said compound having a structure corresponding 1o
/
any of t;o"rmulae {(I-1) - (I-42), wherein X is a phosphine having a structure corresponding to a

formyula 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 & salt thereof,
wherein
s
V' and V* are CR!, wherein R' is indepp’ndemly, at each occurrence, hydrogen or alkoxy;
/

V? and V? are CR', wherein R’ is ig&épendentiy, at each occurrence, hydrogen or alkoxy;

/
V* and V* are CR?, wherein R’ }é independently, at each occurrence, selected from the

group consisting of hydrogen, aikox;z,/ alkyl, and dialkylamino;
V® and V® are CR?, Whergiﬂ R” is independently, at each occurrence, hydrogen or alkoxy;
‘ g : :
V" is CR?, wherein R?is hydrogen or alkyl; and

X is selected fromr_,t’ﬁe group consisting of phoshines of formulae 1-1, 1-2, 1-3, 1-4, 1-53,

and 1-64,
0
/ —émi}:o é—bORZD Ewb oj
/ 4
/

1-1 1-2 1-3

s
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/
zbi} be zb‘;k//

1-4 I-5 1-64,/
’ /
19. The compound of claim 18, wherein the compound is se}e’éted from the group
consisting of: //

2,2,6,6-tetramethyl-1-(2',4",6"-tritsopropylbiphenyl-2-vl )ph?s’i)hinane;
2,2,6,6-tetramethyl-1-(2",4",6'-tritsopropylbiphenyl-2-yl }p’ﬁoSphinan~4-0ne;

2,2,6,6-tetramethyl-1-(2".4', 6’~t1‘iiSOpr_Opyibiphenyl-%/yl)pho sphinan-4-ol;

s

7,7.9,9-tetramethyl-8-(2',4',6'-triisopropylbiphenyl-2-y1)-1,4-dioxa-8-
phosphaspiro[4.5]decane; /

8,8,10,10-tetramethyl-9-(2',4',6'-triisopro /}biphenyl—2-yi)— 1,5-dioxa-9-
phosphaspiro[5.5jundecane; /

Vs
/

3,3,8,8,10,1 O-hcxamethyl—Q—(2',4‘,gz‘i/triisopropylbiphenyi—Z~y}.)— 1,5-dioxa-9-

phosphaspiro[5.5jundecane; 7

1 ~(2’—(dimﬁthyiamino}-6'—mf,ﬂloxybiphenyl—}yl)~2,2, 6,6-tetramethylphosphinan-4-one; |
_ 1-(2',6'—bis(dimethylam%nbébiphenyl-%yl)&,2,6,6-tetramethylpho sphinan-4-one;

1 —(2',6'mdimethoxybipﬂ/cny}»-fz~y1)~2,2,6,6«tetramethylphosphinan~4—0ne;

I —(2',6'~diisopr0grz§3£ybiphenyl—E-yI)—ZQ,6,6-tetramethylphosphinan«4—0ne;

I'_(2‘~(dimeth,yiéznino)biphenylnz-yl)n2,2,6,6mtetramethylphosphinan—4-0ne;

| ~(biphet}ylf'~‘2~yl)—2,2,6,6—tetramethy1ph0 sphinan-4-one;

1 -«(3,§/&imeth0xybiphenyi-2—yl)—Z,2,6,6utetramethylphosphinan—4—one;

1 ;(éG-dimethoxy»Z',4',6’—trimethyibiphenyi—Z—yi)—z,Z96,6-tetramethylphosphinan—4-—one;

s

2,2,636mtetramethy1—I~(2‘,4‘,6'-trii30propyl-3,6—dimethoxybiphenyi~2—yl)phosphinan~4~
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2,2,6,6-tetramethyl-1 —(2‘,4',6'—triisopropyl—4,5—dimethoxybiphényl—2—y1)phosph' an-&-

one;

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

//’ N
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 ,4mdioxa-8—ph9§phaspiro[4.S]decan-S—

yDbiphenyl-2-amine; /
2 22 . / ’ ]

N N° NS NSO ~tetramethyl-2'-(7,7,9,9-tetramethyl-1 ,4—dloxa—/8-phosphasp1ro[4.S]decan—8-

yhbiphenyl-2,6-diamine; ye ’
//JJ

8-(2',6'-dimethoxybiphenyl-2-y1)-7, 7,9,9—.tetrameth5§kf 1,4-dioxa-8-

phosphaspirof4.5]decane; ' /‘/

/

8-(2',6"-diisopropoxybiphenyl-2-y1)-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-anzine; . ' //

/
8-(bipheny1—2~y1)~7,7,9,9~tetran;,c/thyl~1 A-dioxa-8-phosphaspiro[4.5]decane;
8-(3,6-dimethoxybiphenyl-2:41)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane; /

8-(3,6-dimethoxy-2 ’,{%Xé -trimethylbiphenyi-2-v1)-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;/ﬂ

7,7, 9,9~tetramgtﬁ$d-8-»(2’,4',6 “triisopropyl-3,6-dimethoxybiphenyl -2-y1}-1,4-dioxa-8-
phosphaspiro [4.5]d§55ne;

7,7,9,9-1;<7fi;amet11y1—8~(2 " 4,6 -triisopropyl-4,5-dimethoxybiphenyl-2-y1)-1 4-dioxa-8-
phOSphaSpiroﬁ.S]decme;

/

/
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 Jdecane;

and
2,2,6,6~tetramethyl-1—(2’,4‘,6‘wtriisopr0py]-3,6~dimeth0xybiphenyl-Z-yl)p_lzésphinane.
/
20. The compound of claim 17, said compound having a stfuctu}*é corresponding to
formula (I-8), /

or a salt thereof, /

wherein
: /
. 7
V! and V? are each CRE.-,’ wherein R' is, at each occurrence, hydrogen;
g
ra

V7 and V¥ are each /@"RZ , wherein R? is, at each occurrence, hydrogen;
v?is CR?, Wherﬁ'{n R?is hydrogen;
ring C at eagﬁ occurrence is an unsubstituted fused-phenyl; and

Xisa pi;}édISphine having a structure corresponding to a formula selected from the group

consisting ef/férmuiae 1-1,1-3 and 1-5.
/

Vv
/.
/
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0 /
£-F o] P oj g-p ///

/
1-1 1-3 1.5/
. /
2i.  The compound of claim 20, wherein said compound is g@”lccted from the group
consisting of: ' / '

/'

2,2.6,6-tetramethyl-1-(2-(naphthalen-1- yl)phenyi);ﬂmsphmanA one; and

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

£

-2 The compound of claim 17, said comp?ﬁnd having a structure corresponding to
formula (I-10),

or a salt Ehereg_)fﬂ

wherein
s

ri
v! anc/l,:V % are each CR!, wherein R! is, at each occurrence, hydrogen;

A

V?_,énd- V® are each CR”, wherein R” is, at each occurrence, hydrogen;
y

/
? is CR?, wherein R” is hydrogen or alkoxy;

ring C at each occurrence is an unsubstituted fused-phenyl; and
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X 1s a phosphine having a structure corresponding to a formula selected from t}aéoup

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

O
//r
-1 I-3 /1-5
/'/
23. The compound of claim 22, wherein said compozyd is selected from the group

consisiing of? S

K
I-(1,1 ‘—binaphthyi—.?»yi)~2,2,6,6~tetramethylphosphinfaﬂ—4~0ne;
/

1-(2"-methoxy-1,1-binaphthyl-2-y1)-2,2,6.6-tetranethylphosphinan-4-one:
8-(1,1'-binaphthyl-2-y1)-7,7,9,9-tetramethyl-1 4-dioxa-8-phosphaspiro{4.5]decane; and

8-(Z'-methoxy-1,1"-binaphthyl-2-y1}-7,7

9
7/

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

-
#

_ : /
24. . The compound of claim I/J , said compound having a structure corresponding to
formula (I-9), /
/
7
/’/‘
,./F/J
/
/
_,’/‘
/ (I-9)

or a salt thereof,
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wherein

v, V2 V?, and V* are each CR!, wherein R!, at each occurrence, is hydrog

_ /
V*, V% and V? are each CR?, wherein R? at each OCCUrrence, 18 hydroge;n/;
Vs

e

ring C is an unsubstituted fused-phenyl; and //'/

I

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

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

o /

§-5 0 i—p j /4R
o~/

S/

J

1-1 13 / 1-3

25, The compound of claim 24, wherejn said compound is selected from the group
consisting oft /

;

2,2,6,6-tetramethyl-1 —{2—(naphthalen;2'~yi)phenyl)phosphinan-4-one; and
‘ / ,
7, 7,9,9-tetramethyl-84(2—(naphth3}zén—2»yl)phenyl)u 1,4-dioxa-8-phosphaspiroi4.5idecane.

26. The compound of cl;n{}a 17, said cornpound having a structure corresponding to
formula (1-2),

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; / "

v, VeV, Vg, and V"’ are each CRZ, wherein R?, at each occurrence,/is hydrogen; and
© yarog

X is a phosphine having a structure corresponding to a formula s;a’iected from the group

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

& /!

tp o -5 oj/ i-p
S
/

S

1-1 -3 / 1-5
27.  The compound of claim 26, whereig said compound is selected from the group

consisting of:
2,2,6,6-tetramethyl-1-(1-phenyl- 1H~}?/yi-azol—5-yl)pho sphinan-4-one; and

l-phenyl-5-(7,7,9,9-tetramethyl- Zl/(dioxa~8—phosphaspim[4.5]decan~ 8-y1)-1H-pyrazole.

28. The conipound of claim 17, said compound llaving a structure corresponding to
y,
formula (1-3), /
/
.‘/‘A
,-’/j
/
/"/’
/
/
/ (I-3)

or a salt thereof,
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wherein

Vl, Vz, V* and V* are each CR', wherein R’ , at each occurrence, is hydrogg .
Vi
W W, W and W* are each CR’, wherein Rz, at each occurrence, is h};d%ogen;

W is N; and J

-
7

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

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

K

/
o
56 o %_b j yamr
o~/
/
//(
4

1-1 1-3/ 1-5

28. The compound of claim 28, where/i/ said compound is selected from the group

/

1-(2-(1 H-pyrrol-1 —yl)pheny1)~2,2,6,6—/té’:tramethylphosphinzin—dr—one;

consisting of’

1-(2-(7,7,9,9-tetramethyl-1 ,4-dioxa’{8—ph05phaspiro[4.S}decan— 8-yDphenyl)-1H-pyrrole;

and /
/

4

1 -(2—(2,2,6,6~tetramethylphg§phinan~ I-yl)phenyl)-1H-pyrrole.
Y,

2

30. The compoun@-‘bf claim 17, said compound having a structure corresponding to
formula (I-4), /
r//
,/H. Wz_-w1
L
W2
/ N X
/ we
/ |
// WS
/ REEN
// W lf * W
Wil




(I-4)
/
or a salt thereof, wherein //

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

/’f
W’ and W* are each N; /
‘ 4

W' is C;

y
W and W’ are each CRZ, wherein Rz, at each occurrence;,g/ 1s substituted or unsubstituted
. : rd

phenyl; /

W is N; /
g . 2 . 2 . / . . . V
W 1s NR”, wherein R”, at each occurrence, 766113/1 optionally substituted with alkyl,

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

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

s

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

-r §-P
8
/
1-17 1-3 1-5
1//
31 The comp/o‘{ind of claim 30, wherein said compound is selected from the group

S
e

consisting of?
2,2,6,6—Tetramé:thy1—1 -(1',3", 5triphenyl-1'H-1,4"-bipyrazol-5-yi)phosphinan-4-one;

1"n3s '—’/if-ripheny}.—S-('ij 7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5decan-8-yi)-1'H-
1 ,4‘—bipyrazoi/e-;'/and

1 ‘,;{«’,/S‘~Triphenyl—S~(2,236,6-tetramethy1phosphinan— 1-y)-1'"H-1,4"-bipyrazole.

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

wherein /

Vﬁ, V2, V? and V* are each CR1, wherein R s, at each occurrence, hydrogen;

V?* and V¥ are CR?, wherein R? is indep:;x{clienﬂy, at each occurrence, hydrogen or alkyl;
g

V9 and V® are CRZ, wherein Rz, at e;zté}; occurrence, is hydrogen;

V7 is CR?, wherein R” is hydrog;of{ ’or atkyl; and

X is a phosphine of formula ‘L-’—/B'?.

137

33 T’hév compound of claim 32, wherein the compound is selected from the group

consisting of: /

1,3,;17/ -tetramethyl-8-(2',4',6"-triisopropylbiphenyl-2-y1)-2,4,6-trioxa-8-
phosphatyicyclof3.3.1.1>"Jdecane; and

8-(biphenyl-2-y1)-1,3,5, 7-tetramethyl-2,4,6-trioxa-8-phosphatricyclof 3.3.1.1>" Jdecane.
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s
/
W
/‘/l
34. A compound having a structure corresponding to fbrmui/a (L),
R'—Ar-X
RZ—Ar? /
//
/
@/
/
o /
wherein - ) /

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

independently optionally substituted with one oymore R’ and R?, respectively;

R' and R? are independently selecte}l/a/t each occurrence from the group consisting of
hydrogen; amino; hydroxyl; cyano; halo;alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; heteroarylc/;été; arylamino; heteroarylamino; alkylamino; _
dialkylamino; eycloalkyl optionall;péubstituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or halealkoxy; cycloal{kg;loxy optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cvano, halo, haloalky;/t;r haloalkoxy; 5- or 6-membered heteroaryl optionally substituted
with alkyl, alkenyl, aikyny}‘;"/alkoxya cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted with alkyl, a;}léé:nyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyalkyl; hydroxﬁ;ﬁlkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;

N,N- dlalkylammoalkyl NN, N-trialkylammoniumalkyl; L'-C(O»OR", L'-P(0)-(OR' s, or
L'-S(0)-OR', fwherem L' is a bond or alkylene, and R is selected from the group consisting of
hydrogen, al}({d and hydroxyalkyl; L>-0-C(0)-R* , wherein L* is a bond or alkylene, and R? is

alkyl or };ydroxyalkyi L3-C(O)-NR*R*, wherein 1.% is a bond or alkylene, and R®" and RY are
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hydroxyalkyl; sulfamoyl; N-(alkylsulfamoyl; N, N-(dialkyl)sulfamoyl; sulfonamide; sulfate;
alkylthio; thioalkyl; and a ring containing an alkylene or ~O—{CHy)},~O- formed by fhe joining

together of any two R or any two R” or an R'and an R? , wherein m is 1, 2,3 o0r4
/

. /'
X is a phosphine of formula (Ie), or a sali thereof, /
‘//'
R4 /
Q4 /
R1 0 ﬁ/ T Q2 /,.-’/
\ /'//
—R /Ps (Ie)
/
. o 7
R‘i Z%Q( /r
7
/

wherein

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

s '
Q* is selected from the group consigting of a bond, —O— , —§—, —N(R™}-, =C(R*)~, and
' /
~CRMYR™)-; /
Q° is selected from the group/consisting of a bond, ~O—, —S—, ——N(Rzg}~ , =C(R30)— , and
~CR™R™)-; /

/
Q" is selected from tagféfoup consisting of a bond, O, ~S~, -N(R™}~, =CR*)~, and
- (R35) (R36)_ : /"
Q° is selected f_;:d%n the group consisting of a bond, ~O- , ~8—, -N(R*")—, =C(R®)- , and
_CR¥YR)- ; andf.af% least one of @', %, @7, Q*, and @’ is not a bond; or

two of Q,I/,/‘Qz, Q' Q4 or Q° together form a carbonyl; an exocyclic double bond
optionally supétituted with alkyl, alkenyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl; or a
3-«8~nmembe,46d spiro ring confaining zero, one, or iwo hetero ring atoms, optionally substituted

with alk fj;l, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;

as to R' R R™, and RY,
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i. R' or R" together with_R]2 or R" form a ring; or

it R' and R together with the carbon atom to which they are attacyéd form a
spirocyclic ring and/or R'? and R" together with the carbon atom to which they/ are attached

form a spirocyclic ring; or //

/
iit, one or more of R'’, R, R and R" form a ring togetheg/ﬁ/ith a ring substituent of
s

ring A4; or /

1v. R, R, R" and R" do not form a ring, Wherem/Rm RY R" and R" are each
mdependently selected from the group consisting of alkyl; alkfmyl haloalkyl; alkynyl; oxoalkyi;
cycloalkyl optionally substituted with alkyl, alkenyl, alkynxl alkoxy, cyano, halo, haloalkyl or
haloalkoxy; heterocyclyl optmnally substituted with alkylf alkenyl, alkynyl, alkoxy, cyano, halo,
haioalkyl or haloalkoxy; heteroaryl optionally subsuru,ted 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; aminoalkvl;
N-alkylaminoalkyl; N.N-dialkylaminoalkyl; N/V,N-trialkylemmoniumalkyl; thioalkyl; L"*~C(O)-
OR™, LY-P(0)- (OR™);, or L§3-s<0)2_9f{14’, wherein L' is a bond or alkylene, and R' is
selected from the group consisting of hyrfrogen, alkyl and hydroxyalkyl; L'*~0O-C(O)-R'?,
wherein L' is alkylene and R'® is aikill or hydroxyalkyl; L' C(O)-NR®* R"' wherein L is a
bond or alkylene, aﬁd R'™ and Rl?,;f'z/lre each mdependently selected from the group consisting of
hydrogen, alkyl, and hydroxyal/kél ; and LzO—I’\IR‘?‘l’—C(O)«R22 ', wherein L is alkylene, R is
hydrogen or alkyl, and R* i{ds/aikyl or hydroxyalkyl; and

Rzl -R* are, at eqﬂfl/ occurrence, independently selected from the group consisting of
hydrogen, halo, ﬂuorq_;"éikyl, haloalkyl, fluoroalkyl, alkenyl, alkynyl, alkyloxy, N-alkylamino,
N, ,N—dialkylamino,/N;N,Nmmaikylammoniumalkyl; substituted or unsubstituted cycloalkyl,
substituted or ungubstituted heterocycloalkyl, substituted or unsubstituted heteroaryl, substituted
or unsubstim}e’é{ phenyl; hydroxyalkyl; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;
N,N-dialkylaminoalkyl; NN, N-trialkylammoniumalkyl; L'-C(O}-OR", L'-P(O)-(OR" ), or
LI—S(O};/é)Rj’ where R' is hydrogen, alkyl or hydroxyalikyl and L' is-a bond or alkylene; L0~
C(0)AR* where R* is alkyl or hydroxyalkyl and L* is a bond or alkylene; L*-C{O)-NR*R*
whére R’ and R* are independently selected from H, alkyl, and hydroxyalky! and wherein L is
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/

a bond or alkylene; L*-NR> —C(0)-R® wherein R is selected from H and alkyl, R® is sélected

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 Rm, RN R R]3, and R2-RY, //

38. The compound according to claim 34, wherein X comprises af@membered ring.
g

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

37. ‘The compound according to claim 34, wherein X con}i{rises a 7-membered ring

4

or an 8-membered ring. S
J
/
38. The compound according to claim 34, Whereh} R R, R™ and R" are
selected from the group consisting of alkyl, phenyl, and hei;e/roaryi, or wherein R'® or R!
/

together with R™ or R" form a ring. Vs
4

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

structure corresponding to a formula selected frond the group consisting of

/

I/:
/ '
y‘ , / ‘
5@ YA &Z
//. .

2-1 2-2 23/ 2-4 2-5 2-6
J Me .
+ + Me
F

—p —f P
g,«/é 2-13




/

2-14 2-15 2-16 2-18; and 2-19
49, The compound of claim 34, said compound having a structure corresponding to
formuia (1-1), ya
/
v 7
v Dy

or a salt thereof, N /
wherein ' S/
' ' X 1 / ;
v V2 v* and V* are cach CR, wherein R is, at each occurrence, hydrogen;
v and V* are CR?, wherein lﬁis independently, at each occurrence, hydrogen or alkyl;
/

Ve and V¥ are CRZ, Wherefiﬂ Rz, at each occurrence, is hydrogen;
s

V7 is CR?, wherein R? /iéfhydrogen or alkyl; and
/

/

X 1s a phosphine h@xfing a structure corresponding to a formula selected from the group
consisting of formulae 2;,«3", 2-4,2-18, and 2-19

41. The compound of claim 40, wherein the compound is selected from the group
coxsisting of:
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I-(biphenyl-2-y1)-2,2,7,7-tetramethylphosphepan-4-one;

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

2,27, 7-tetramethyi-1 -(2',4‘,6‘—triisopropylbiphenyl—z—yi)phosphe;pén-ﬁiwone;

2,2,7,1-tetramethyl-1-(2',4',6'-triisopropylbiphenyl-2- yl)phos/pﬂépane;

2,2,8,8-tetramethyl-1 -(2’,4’,6'wtriisopmpyibiphenyi—2—yi}p}>/c’;;phocan»4~one; and
/

2,2.8,8-tetramethyl-1 ~(2’,4‘,6'u‘triisopropylbiphenyl—Z—yﬁphosphocane.

42. A compound having a structure corresponding tq/formula (D,
T Ay /
R WAr _X///
R2— AI‘Z //’
e
(L
or a salt thereof, _ /
wherein e
s

Ar' and Ar? are each independent}gf aryl or heteroaryl, and wherein Ar' and Ar” arc each

independently optionally substituted \yl’él one or more R and R, respectively;

R' and R? are independenﬁ/yéeiected at each occurrence from the group consisting of
hydrogen; amino; hydroxyl; cyz}n’b; halo; alkyl; alkenyl; alkynyl; haloalkyl; haloalkoxy;
oxoalkyl; alkoxy; aryloxy; he;téﬁ'oaryloxy; arylamino; heteroarylamino; alkylamino;
dialkylamino; cycloalkyl qﬁi‘fionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haioalkoxy;-"éycioaikyloxy optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cvano, haio,‘kf;loalkyl or haloalkoxy; 5- or 6-membered heteroaryl optionally substituted
with alkyl, aikenyl‘,}/alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; phenyl optionally
substituted Wi}h’/;lkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
hydroxyaikyf; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;

N, N-dialkylaminoalkyl; N,N,N-trialkylammoniumalkyl; L'-C(0)-OR", L'-P(0)-(OR'),, or
L-$(03,~OR", wherein L' is a bond or alkylene, and R” is selected from the group consisting of

hydfogen, alkyl and hydroxyalkyl; L*~O~C(O}-R?, wherein L” is a bond or alkylene, and R* is
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alkyl or hydroxyalkyl; L*~C(O)-NR*RY, wherein L? is a bond or alkylene, and R* apd R are
each independently selected from the group consisting of hydrogen, alkyl, and hy§1 oxyalkyl; L'
NR®-C(0}-R®, wherein L* is 2 bond or alkylene, R® is hydrogen or alkyl, anc},lié’ is alkyl or
hydroxyalkyl; sulfamoyl; N-(alkyl)sulfamoyl; N.N-(dialkyl)sulfamoyl; sulfq;;{émide; sulfate;
alkylthio; thioalkyl; and a ring containing an alkylene or —O—{CH;),~ —ff&med by the joining

together of any two R!or any two R* or an R'and an R® , wherein m is,/‘i/; 2,3 or4;
X 1is a phosphine of formula (la): /

RIO R”

N/ /
c

: s
wherein ring A includes 0 to 9 ring/atoms in addition to the phosphorus and 2 carbon ring
7 . :
atoms of formula (Ia), wherein said ring/ atoms are each independently selected from the group-

consisting of carbon, oxygen, nitrog;m{ phosphorus and sulfur; and

wherein the ring atoms oﬁfﬁng A are each independently optionally substituted with one
or more substituents selected from the group consisting of alkenyl; alkoxy; alkoxyalkyl; alkyl;
alkylamino; alkylthio; aikymfi; aminealkyl; N-alkylaminoalkyl; N N-dialkylaminoalkyl;
N,N,N»triaikylammoniu{;iélkyl; arylalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, ij;a/ioaikyi or haloalkoxy; cycloalky! optionally substituted with alkyl,
alkenyl, alkynyl, aiiégxy, cyano, halo, haloalkyl or haloalkoxy; dialkylamino; halo; haloalkyl;
fluoroalkyl; hetg‘:ﬁ;aryl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or yﬁﬁoalkoxy; heterocycloalkyl optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cxa/nog halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an exocyclic double
bond o ﬁjonally substituted with alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyelyl, or
heterparyl; 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(O)-(OR"),, or L'-$(0),~OR ", wherein L' is a bond or alkylene, #nd R' is

2 , wherein

selected from the group consisting of hydrogen, alkyl or hydroxyalkyl; L*~O-C(O)
L? is a bond or alkylene, and R is alkyl or hydroxyalkyl; L’~C(O)-NR¥R?, whefein L% is a
bond or alkyiene, and R*” and R* are each independently selected from the gl;g’ﬁp consisting of
hydrogen, alkyl, and hydroxyalkyl; L*-NR> ~C(O)}-R®, wherein L is a bq;xé or alkylene, R” is
hydrogen or alkyl, and R® is alkyl or hydroxyalkyl; and LT—NRgLS(G)g /}f{g’, wherein L' is a

bond or alkylene, R is hydrogen or alkyl, and R” is alkyl or hydroxyalkyl; and

i

asto R', Rl_l, R and R", ' /
, /'/
i R or R" together with R' or R form a ring;/0r
ii. R and R together with the carbon atom {6 which they are attached form a
J/

- r . q 5 ., l/ . N . £l 5 .
spirocyclic ring and/or R™ and RP together with the c?z‘bon atom to which they are attached

form a spirocyclic ring; /
. R

wherein, any of substituents REO, R and R" that do not form the ring set forth n (i)
or (ii) are each independently seiected/#{)fm_ the group consisting of hy_drogen; alleyl;
alkenyl; haloalkyl; alkynyl; oxaalkyl/;j cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, ﬁglo, haloalkyl or haloalkoxy; heterocyclyl optionally
substituted with alkyl, alken%rjl,/alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
heteroaryl optionally subsgi-ﬁxted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloalkyl or haloalkoxy;-'f;henyi optionally substituted with alkyl, alkenyl, alkynyl,
alkoxy, cyano, halo, ;;réioaikyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminealkyl;
Nuaikylaminoalky},«;/ }\f’,N~diaEky1aminoaIi<yl; NN, N-trialkylammoniumalkyl; thicalkyl;
Ll3—C(O)—OR?§’§/‘L13-~P(O)— (OR**),, or LP-8(0),~-OR', wherein L' is a bond or
alkylene, ang;i”iéw is selected from the group consisting of hydrogen, alkyl and
hydroxya/lkg/l; L-0-C(O)R'®, wherein L' is alkylene and R'® is alkyl or
hydrog,y’glkyi; LY-C(O)-NR"¥ R wherein L" is a bond or alkylene, and R'® and R'”
are p/a*/ch mdependently selected from the group consisting of hydrogen, alkyl, and
I}y&roxyalkyl ; and LZQWNRZV—C(O)—RZT, wherein L% is alkylene, R*" is hydrogen or
/ﬁlkyl, 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 formulde (I-1) -

(1-42), or a salt thereof:
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(1-20) Saaen (1-22) (1-23)
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a2 /28) (1-29) (1-30)

4/‘
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(1-35) S 36) (I-37) (I-38)
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s
(1-39) (1-40) (1-41),/2&1@ (1:42)

£

wherein

v \}2, V3, and V* are each independeq}l{f CR' or N;

V2, V8, V7, V¥ and V° are each indgpégdentiy CR? or N;

_WI, W?, an W are each indepeneféntly selected from the group consisting of CR', NR', N
and C;

W*is C or N; /

7

W is Cor N; /

7
we, W, W and Wy are each independently selected from the group consisting of CR?,
NR?, N and O; and

ring €, at cgéil 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-, 9f/8-mcmbered ring, and wherein each of the ring atoms in addition to the phosphorus

/
and 7'carbon ring atoms of formula (1a) are carbon.

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

46. The compound according to claim 42, wherein ring 4 of formula (Ia)

tricyclic.
V4
47. The compound according to claim 42, wherein X is a phosphir;e/having a

structure corresponding to a formula selected from the group consisting of:._/'f

H b &

A
/

REH ORZO

27

1-23 2 1-25 146 i-
/
O/> RZD /
0 : 20
Nszg OR
+P P - P
)
1-28 1-29 / 1-30 1-31
} /
+P +P P £P
3 1 3§ 1-34 1-35 1-36
CF,
O 0
P
TP £ CF,
1-37 / 1-38 1-39 1-40 1-41

.//.
_,éi'p o 4P o 4P o +E )
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1-45 1-46 1-47 1-48, and 1-49

or a salt thereof, wherein R* is hydrogen, alkyl, aryl, heteroaryl, arylalkyl o
heteroarylalkyl, wherein the aryl, heteroaryl, aryl of arylalkyl and heteroaryl of hp/t/eroarylaikyl
are optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, h@}(;alkyl or

haloalkoxy. /

s
/
48. 7,7,9,9-tetramethyl-8-(2',4',6'-triisopropyl-3 56—dimf:‘ch(/),zé/ybip}aemyl—Q--yl)— 1,4-
/
dioxa-8-phosphaspiroi4.5]decane. ’

/7
/-

S

re

49. A catalyst composition comprising a transitiox},,lﬁetal catalyst precursor and a
compound according to any one of claims 1-48. //
' . e . iy
50. The catalyst composition according to cjaim 49, wherein the transition metal

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

platinum, gold, cobalt, iridium, copper and nicke

51. The catalyst composition accqu/ing to claim 50, wherein the transition metal
s

catalyst precursor contains palladium. ///
’ #

/

52. A catalyst composition g{)mprising 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-y1)-1,4-dioxa- 8-
. . g
phosphaspire[4.5]decane. /

7

I

54, A heterégeneous catalyst composition comprising a compound according to any

one of claims 1-48 dovalently bonded to a solid catalyst support.

55. A method for synthesizing a secondary organic sulfonamide, comprising
reacting an ar'yl nonaflate with a primary sulforiamide 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

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

elected from the group consisting of carbon-nitrogen, carbon-oxygen, carbon-carbon, carbon-
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)
/

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

57. - A method of forming a bond in a chemical reaction comprising catdlyzing said
reaction with a compound of any one of claims 1-48, wherein the bond is sele9téd from the
group consisting of a carbon-nitrogen bond, a carbon-oxygen bond, a carbq;i’:;:arbon bond, a
carbon-sulfur bond, a carbon-phosphorus bond, a carbon-boron bond, a /g;é;bonwﬂuorine bond

4

and a carbbmhydrogen bond. /

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

metalation of a biaryl halide to form a biaryl lithium spe}c/i/es;
reacting a chlorophosphate with said biaryl lithiuvm spécies to form a biaryl phosphonate;

reduction of second product to form primary pho ﬁhine; and

| reacting primary phosphine with a divinylk?yﬁe.
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CLAIMS -

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

R—Art-X
R2—Ar?
@

or a salt thereof,
wherein

Ar' and Ar” are each indepcndently 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 seiected at each occurrence from the group
consisting of hydrogen; amino; hydroxyl; cyano; halo; alkyl; alkenyl; alkynyl;
haloaikyi; haloalkoxy; oxoalkyié alkoxy; aryloxy; heteroaryloxy; arylamino;
heteroarylamino; alkylamino; dialkylamino; cycloalkyl optionally substituted with
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; cycloalkyloxy .
optionally subsﬁtuted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or

- haloalkoxy; 5- or 6-membered heterbaryi optionally substituted with alkyl, alkenyi,

alkynyl, alkoxy, cvano, halo, haloalkyl or haloatkoxy; pheny! optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
bydroxyalkyl; hydroxyalkoxy; alkoxyalkyl; aminoalkyl; N-alkylaminoalkyl;

N, N-dialkylaminoalkyl; NNV N-trialkylammoniumallyl; LIMC(O)MORIE, L
P(O)-(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*-O-C(O}-R?,
wherein L* is a bond or alkylene, and R* is allyl or hydroxyalkyl; Lz’-—C(O)ﬂNR}ERﬂ"’?
wherein L? is a bond or alkylene, and R* and R* are each independently selected
from the group consisting of hydrogen, alkyl, and hydfoxya}kyl; LY“NR’-C(O)»-RY,
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—(CHz )OO~
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;
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X 1s a 6-membered cyclic phosphine of formula (Ia):

Rl(} Rll

N/
C.

(1a)
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 riﬁg A4 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-alkylaminoalkyi;
N, N-dialkylaminoalkyl; NN, N-trialkylammoniumalkyl; arylalkyl optionally
substitute@ with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;k
cycloalkyi optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyan-o, halo,
haloalkyl or haloalkoxy; dialkylamino; halo; haloalkyl; fluorcalkyl; heteroaryl
optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or
haloalkoxy; heterocycloalkyl optionally substituted with alkyl, aikenyl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an
exocyclic double bond optionally substituted with atkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocyelyl, or heteroaryl; a 3- to 7-membered spiro ring containing zero,
one, or two heteroatoms; phenyl optionally substituted with alkyl, alkenyl, alkynyi,
alkoxy, cyano, halo, haloallkyl 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 mdependently 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 L7-NR¥—-
$(0),-R”, wherein L is a bond or alkylene, RY is hydrogen or alkyl, and R is alkyl
or hydroxyalkyl;
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as to R, R™ R™, and R",
i RY 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

i, one or more of R™, R'', R'? and R™ form a ring together with a ring

substituent of ring A; or

iv. R', RM R"™, 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, alkenvl, alkynyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; heterocycelyl optionally substituted with
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; hetercaryl
optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, halealkyl or
haloalkoxy; phenyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxyv, cyano,
‘halo, haloalkyl or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl;
N-alkylaminoalkyl; N,N-dialkylaminoalkyl; NN N-trialkylammoniumalkyl; thioalkyl; |

LP-C(0)-OR'", LP-P(0)- (OR' )y, or LP-S(0),~OR", whetein 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)—NRWRW, 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.

2. The compound according to claim 1, said compound having a
structure corresponding to a structure of a formula selected from the group

consisting of formulae (I-1) - (I-42), or a salt thereof:
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(1-8) (1-9) (1-10) (I-

11)
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(1-12) (I-13) (1-14) (1-15)
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(1-20) (1-21) ' (1-22) (1-23)

(1-27) (1-28) (1-29) (1-30)
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| (1-35) (1-36) (1-37) | (1-38)




wherein
V}, V2 , V3, and V* are each independently CR! or N;
V2, V8, 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;

W4isCGrN;
w° is CorN;

W, W7, W* and W’ are each independently selected from the group consisting
of CRZ, 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 attached to an

atom of Ar' adjacent to the atom bonded to Ar.

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

phosphine of formula (Id), or a salt thereof:

(id)

wherein

12

¥

OnE Or MOre ome, R”, Rmﬂ and R" optionally form a ring with R“}, R“, R

or R”‘; or
R" 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,
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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,V-dialkylamino; cycloalkyl optionally substituted with alkyl,
alkenyl, alkynyl, alkoxy, cyano, halo, haioalkyl 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;
NN, N-trialkylammoniumalkyl; L'-C(0)-OR", L'=P(0)}-(OR" )5, 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 alkvlene,
and R” is alkyl or hydroxyalkyl; L*~C(O)-NR*R*, wherein L’ is a bond or alkylene, i
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 ¢ 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
hvdrogen.
6. The compound according to claim 4, 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.

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

having a structure corresponding to a formula selected from the group consisting of:
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1-23 [-24 i-25 1-26 1-27

¥y R
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1-28 | 1-29 1-30 1-
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1-60 1-61 1-64

S
1-65 1-66 1-69,
and
_ R"
R s
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, arvialkyl or heteroarylalkyl, wherein
the aryl, heteroaryl, aryl of arylalky!l and heteroaryl of heteroarylalkyl are optionallty
substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalky! or haloalkoxy;

and
nisQ, 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 At® is substituted with three R*.

10, The compound of claim 1, wherein R’ is alkyloxy and wherein R? is
alkyl. '

i1, The compound of claim 1, wherein R” is isopropyl.

12. The compound of claim 1, wherein X is a phosphine of formula (1d):
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(1d)

wherein each of R, R, R12, R} is 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 1s a single bond.

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

membered spiro ring contamning two heteroatoms,

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

15, The compound of claim 1, wherein RIO, R“, Rlz, and R" are each
methyl.

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

- corresponding to formula (1-1)




whefein

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;

V*, V7 and V? are each CR2, @herein 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.

%..Fbo §~§D<Zj £

i-1 1-3 1-5

17. The compound of claim 2, 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;
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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, selected

from the group consisting of hydrogen, alkoxy, alkvl, 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 1s selected from the group consisting of phoshines of formulae 1-1, 1-2, 1-3,
1-4, 1-5, and 1-64.

| _
‘ - 0
-z—%}o %—Pjr}ow zij(c)j

11 }

1 . 1-2 | 1-3
D WD e

1-4 1-5 1-64

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

the group consisting of:
2,2,6,6-tetramethy1—1—(2',4‘,6‘~triisopropylbiphenyl—?,—yl)phosphiné_ne;
2,2,6,6-tetramethyl-1 —(2’,4‘,6'wﬁiisopropylbiphenyl-2-—y1)ph03phinan—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-yh-1,4-dioxa~&-
phosphaspiro[4.5]decane;

8,8,10,10-tetramethyl-9-(2',4",6'-triisopropylbiphenyl-2-v1}-1,5-dioxa-9-
phosphaspiro[5.5Tundecane;

3,3,8,8,10,10-hexamethyl-9-(2'.4'.6'-tritsopropylbiphenyl-2-y1}-1,5-dioxa-9-
phosphaspiro[5.5jundecane;
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1-(2'-(dimethylamino)-6'-methoxybiphenyl-2-v1)-2,2,6,6-
tetramethylphosphinan-4-one;

1-(2',6'-bis(dimethylamino)biphenyl-2-y1)-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-yi}-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—dimeth0xybiphenyl-2—yl)—2,2,6,6—tetramcthylph_ésphinan»4-one;
1-(3,6-dimethoxy-2'"4,6'-trimethylbiphenyl-2-v1)-2,2,6,6-
tetramethylphosphinan-4-one;
2,2,6,6-tetramethyl-1-(2",4",6'-tritsopropyl-3,6-dimethox ybiphenyl-2-
yl)phosphinan-4-one;
2,2,6,6-tetramethyl-1 —(2‘,4‘,6‘-t1iisopropy]—4,S—dimethoxybiphenyl-fz-«
yl)phosphinan-4-one;
1-(3',5"-dimethoxybiphenyl-2-y1)-2,2,6,6-tetramethylphosphinan-4-one;
1-(4'-teri-butylbiphenyl-2-y1)-2,2.6,6-tetramethylphosphinan-4-one;
6-methoxy-NN-dimethyl-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspirof4.5]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;
§-(2",6'-dimethoxybiphenyl-2-y1}-7,7,9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane;
8-(2',6'-diisopropoxybiphenyl-2-y1)-7,7.9,9-tetramethyl-1,4-dioxa-8-
phosphé.spiro[4.5]decane;
N, N-dimethyl-2'-(7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspirol4.5]decan-8-
yl)biphenyl-2-amine;

8-(biphenyl-2-y1)-7,7,9,9-tetramethyl-1,4-dioxa-8-phosphaspiro[4.5]decane;
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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-y1)-7,7,9,9-tetramethyl-1.4-
dioxa-8-phosphaspirof4.5]decane,
7,7,9,9-tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethox vbiphenyl-2-y1)-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-yl}-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'-triisopropyi-3,6-dimethoxybiphenyl-2-
yvhphosphinane.

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

corresponding to formula (1-8),

or a salt thereof,
wherein

V! and V? are each CR', wherein R' is, at each occurrence, hydrogen;
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V7 and V* are each CR?, wherein R? is, at each occurrence, hydrogen;
VY is CR?, wherein R? is hydrogen;
ring C at each occurrence is an unsubstituted fused-phenyl; and

X 1s 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
20. The compound of claim 19, wherein said compound is selected from
the group consisting of;
2,2,6,6-tetramethyl-1-(2-(naphthalen-1-y)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.

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

corresponding to formula (I-10),

or a salt thereof,

wherein
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V' and V* are each CR', wherein R! is, at each occurrence, hydrogen;
vV’ and V® 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

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

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

~er
ov]
O
;-u'mr-
-
O
./
M
v

1-1 1-3 1-5

22.  The compound of claim 21, wherein said compound is selected from

the group consisting of:
1-(1,1 '-binaphthyl—Z—yl)-2,2,6,6—tetramethylphosphinan~4~one;
1-(2-methoxy-1,1"-binaphthyl-2-y1)-2,2,6 6-tetramethyiphosphinan-4-one;

8-(1,1 ‘—binaphthyl—2-yl)-7,7,9,9-tetr_amethyl~ 1,4-dioxa-8-
phosphaspiro[4.5]decane; and

8-(2-methoxy-1,1"-binaphthyl-2-y1)-7,7.9,9-tetramethyl-1,4-dioxa-8-
phosphaspiro[4.5]decane.

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

corresponding to formula (1-9),

V2
Ty
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(1-9)
or a salt thereof,
wherein
v Vz, v?, and V* are each CR!, wherein R' at each occurrence, is hydrogen;
V>, V¥ and V? are each CR?, wherein R?, at each occurrence, is hydrogen;
ring C is an unsubstituted fused-phenyl; and

X 1s a phosphine having a structure corresponding to a formula selected from

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

N
)
O
N{\f\!‘
i
Q
_/
e
U

1-1 1-3 I-5

24, The compound of claim 23, wherein said compound is selected from -

the group consisting of:
2‘,2,636—tetramethy1-l -(2-(naphthalen-2-yl)phenyl)phosphinan-4-one; and

-7,7,9.9-tetramethyl-8-(2-(naphthalen-2-ylphenyl)- 17,4—di0xa'1—8-
phosphaspiro[4.5]decane.

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

corresponding to formula (1-2}),

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:

. 2 .
VS, V(’, VT, Vg, and V? are each CR‘?, wherein R”, at each occurrence, 18

hydrogen: and

X 1s a phosphine having a structure corresponding to a formula selected from

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

-1 1-3 1-5

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

the group consisting of:
2,2,6,6-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-y1)-
1 Hepyrazole. ' -

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

corresponding to formula (I-3),

or a salt thereof,
wherein
V!, V2, V* and V* are each CR', wherein R', at each occurrence, is hydrogen;
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WG, W7, W and W* are each CR® , wherein Rz, at each oceurrence, 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.
G
4 0 p j 37

I-1 I-3 I-5

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

the group consisting of:
1-(2-(1H-pyrrol-1-ylphenyl)-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)-
1H-pyrrole; and ' '

1-(2-(2,2,6,6-tetramethylpho éphinan— 1-yDphenyl}-1H-pyrrole.

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

corresponding to formula (1-4),

(I-4)
or a salt thereof, wherein
W' and W* are each CR', wherein R', at each occurrence, is hydro gen,;

W* and W* are each N;
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W’ is C;

‘W and W’ are each CR?, wherein R?, at each occurrence, is substituted or
unsubstituted phenyl;

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 1s a phosphine having a structure corresponding to a formula selected from

the group consisting of formulae 1-1, 1-3 and 1-5.
O
3P o P j 4P

I-1 1-3 I-5

30.  The compound of claim 29, 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)ﬁhosphinan—

4-one;

1'1 ','3 L5'-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-y1)-1'H-1,4"-bipyrazole.

31. A 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;
V® and V® are CR?, wherein Rz, at each occuirence, is hydrogen,
V" is CR?, wherein R” is hydrogen or alkyl; and

X 1s a phosphine of formula 1-37.

.E_p
1-37
32. The compound of claim 31, wherein the compound is selected from
the group consisting of:
1 ,3,5,7—tetramethy1-8—(2’,4',6'—tﬁisopropylbiphenyi&—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-tricxa-8-
phosphatricyclof3.3.1.1%"Jdecane.

33, A compound having a structure corresponding to formula (I),
RI—Ar-X
RZ—Ar?
(I
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 opticnally 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; pheny! 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(O)-(OR' ), or L'-S(0)»~OR", wherein L' is a bond or alkylene, and R' is selected
from the group consisting of hydrogen, alkjf} and hydroxyalkyl; L*~0-C(O)-R?,
wherein L? is 2 bond or alkylene, and R* is alkyl or hydroxyallyl; L’ —C(O)—NR‘?R‘F,
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(0O)-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; allcylthio; thioalkyl; and a ring containing an alkylene or ~O—(CHjy)~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,

g,

Qa (Ie)

wherein

Q' is selected from the group consistiﬁg of a bond; ~O—, S, ~NR™M-,
=C(R™)~, and -CR™)R™)~;

173



Q2 is selected from the group consisting of a bond, -O—, -S—, -N(R25)~ \
=C(R**}-, and -C(R*')(R*)-;

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 -CR™)R™)-;

O’ is selected from the group consisting of a bond, -O— , —=S5— , -N(R*")—,
=C(R¥®)-, and ~-CR>*)R*)- ; and at least one of Q', Q% Q%, @, and Q% is not a

bond; or

two of Q', Q% Q°, Q% or Q° together form a carbonyl; an exoeyelic 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', R, R™, and RE,
i.  R"%orR" together with R' or R'® form a ring; or

. 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

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

substituent of ring 4; or

iv, R RY" R™ and R™ do not form a ring, wherein R', R', R® and R"
are each independently selected from the group consisting of alkyl; alkenyl; haloalkyl;
alkynyl; oxoalkyl; cycloalkyl optionally substituted with alicyl, alkenvl, alkynyl,
alkoxy, cyano, halo, ﬁaioalkyl or haloalkoxy; heterocyclyl optionally substituted with
alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy; hetercaryl
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; alkoxvalkyl; aminoalkyl;
N-alkylaminoalkyl; N, N-dialkylaminoalkyl; NN, N-trialkylammoniumalkyl; thioalkyi;
L”-C(O}-OR™, LP—P(0O)- (OR™),, or L”-8(0),—OR'', wherein L is a bond or
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alkylene, and R' is sclected 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(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 LZO—NRZI,—C(O)——RH, 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, NN, 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;
NN N-rialkylammoniumalkyl; L'-C(O}-OR", L'-P(O)-(OR"),, or L'-8(0),-OR"
where R' is hydro gen, alkyl or hydroxyalkyl and L.! is a bond or alkylene; L?~O--
C(O)_th where R? is alkyl or hydroxyalky! and L? is a bond or alkylene; L3—C(O)w
NRPR" 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 R,
R R2 R™, and RZLRY,

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

4-membered ring.

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

S-membered ring.

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

7-membered ring or an 8-membered ring.

37. The compound according to claim 33, wherein R'%, R!, R'?, and R
are selected from the group consisting of alkyl, phenyl, and heteroaryl, or wherein

R or RM together with R or R" form a ring.

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

having a structure corresponding to a formula selected from the group consisting of
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S Gt g

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

Me

Tk ok APAP g

2-7 2-8 2-9 2-10 2-11 2-12 2-13
g *p *p o
= ~x
2-14 2-15 2-16 and  2-18.
39. A 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;

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

X 18 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
= y! SO
2-3 2-4  2-18 2-19.
46.  The compound of claim 39, wherein the compound is selected from

the group consisting of:
I-(biphenyl-2-y1}-2,2,7,7-tetramethylphosphepan-4-one;
I-(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

2,28 8-tetramethyl- }-'(2‘,4',6‘—trii‘sopropylbiphenyl~2~y1)pilosphocane.
41. A compound having a structure corresponding to formula (1),
R™—Ar’-X
R2—Ar?
M
of 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; alkyi; alkenyl; alkynyl;
haloalkyl; haloalkoxy; oxoalkyl; alkoxy; aryloxy; heteroarvloxy; arylamino;

177



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, eyano, halo, haloalky! or haloalkoxy;
hydroxyalkyl; hydroxyalkoxy; 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 cousisting of hydrogen, alkyl and hydroxyalkyl; LZ_O—C(O)—RZl
wherein L? is a bond or alkylene, and R* is alkyl or hydroxyalkyl; LsmC(C))—mNR3 rY,
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
hydroxyaikyi; suifamoyl; N-(alkyl)sulfamoyl; N,N-(dialkyl}sulfamoyl; sulfonamide;
sulfate; alkylthio; thioalkyl; and a ring containing an alkylene or O CH3 )y~

" formed by the joining together of any two R’ or apy two R? or an R' and an R?,

whereinmis 1, 2, 3 or 4;

X is a phosphine of formula (Ta):

(i)

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;
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alkoxyalkyl; alkyl; alkylamino; allcylthio; alkynyl; amimoalkyl, N-alkylaminoalkyi;
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, cvano, halo,
haloalky! or haloalkoxy; dialkylamino; halo; haloalkyl; fluoroalkyl; heteroaryl
optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or
haloalkoxy; heterocycloalkyl optionally substituted with alkyi, alkenyl, alkynyl,
alkoxy, cyano, halo, haloalky! or haloalkoxy; hydroxy; hydroxyalkyl; oxo; an
exocyclic double bond optionally substituted with alkyl, alkenyl, alkynyl, aryi,
cyclealkyl, heterocyelyl, 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),-ORY, wherein L' is a bond or alkylene, and R is selected from the group
consisting of hydrogen, alkyl or hydroxyalkyl; L*~0-C(O)»R?, wherein L? is a bond
or alkylene, and R” is alky! 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'-NRY -
${0)~R”, wherein L’ is a bond or alkylene, R® is hydrogen or alkyl, and R” is alkyl
or hydroxyalkyl; and

asto R', R", R, and R",
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 RY, R¥ and R" that do not form the ring set
forth in (i) or (i1} 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, alkenvl, alkvnyl,
alkoxy, cyano, halo, haloalkyl or haloalkoxy; heteroaryl optionally substituted
with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo, haloalkyl or haloalkoxy;
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phenyl optionally substituted with alkyl, alkenyl, alkynyl, alkoxy, cyano, halo,
haloéikyi or haloalkoxy; hydroxyalkyl; alkoxyalkyl; aminoalkyl,
N-alkylaminoalkyl; N, N-dialkylaminoalkyl; NN, N-trialkylammoniumalkyl,
thioalkyl; L ~C(0)-OR'™, L¥~P(O}- (OR'"),, or L"-8(0),~OR ', wherein
L" is a bond or alkylene, and R'* is selected from the group consisting of
hydrogen, alkyl and hydroxvalkyl; Lls—«O—C(O)—Rlé’, wherein L'” is alkylene
and R*¢ is alkyl or hydroxyalkyl; L'7-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(O)}-R*,
wherein L* is alkylene, R*' is hydrogen or alkyl, and R* is alkyl or
hydroxyalkyl.

42, The compound according to claim 41, said compound having a
structure corresponding to a structure of a formula selected from the group

consisting of formulae (I-1) - (1-42), or a salt thereof:

(I-1) (1-2) (I-3) (I-4)
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(1-3) (1-6) (-7)

(I-8) - (9 (1-10) (-
1)

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

181



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

W6{ ) \ We
' f
e
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(1-24) (1-25) (1-26)

(1-27) (1-28) (129) (1-30)

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

183



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

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

wherein
V!, V2, V®, and V* are each independently CR' or N;
V5, V8, 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;

W¥is Cor N;
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W is Cor 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?,

43. The compound according to any one of claims 41-42, wherein ring A
is a 4-, 5-, 6, 7-, or 8-membered ring, and wherein each of the ring atoms in

addition to the phosphorus and 2 carbon ring atoms of formula (Ia) are carbon.

44. The compound according to claim 41, wherein ring 4 of formula (Ia)
is bicyclic.

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

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

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

RZD
20 R2€J

-2 1-24 iI-25 1-26 )
O/> . R20
O 1
N~g20 OR#
P P P P
1-28 1-29 1-30 1-31
‘RZO OR20 0
-3 1-33 1-34 1-35 1-36
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1-37 1-38 1-39 1-40 1-41
1-45 1-46 I-47 [-48, and 1-49

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

47. 7,7,9,9-tetramethyl-8-(2',4',6'-triisopropyl-3,6-dimethox ybiphenyl-2-
- yb)-1,4-dioxa-8-phosphaspiro[4.5}decane.

48. A catalyst composition comprising a transition metal catalyst

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

49, The catalyst composition according to claim 48, wherein the
transition metal catalyst precursor is selected from the group consisting of

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

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

transition metal catalyst precursor contains palladium.

51 A catalyst composition comprising a palladium catalyst precursor

and a compound according to claim 7.

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

186



53. A heterogeneous catalyst composition comprising a compound

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

54, A method for synthesizing a secondary organic sulfonamide,

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

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

compounds of any one of claims 1-47.

55, A method of performing a bond-forming reaction comprising
catalyzing said reaction with a compound of any one of claims 1-47, wherein the
bond-forming reaction is selected from the group consisting of carbon-nitrogen,
carbon-oxygen, carbon-carbon, carbon-sulfur, carbon-phosphorus, carbon-boron,

carbon-fluorine and carbon-hydrogen.

56. A method of forming a bond in a chemical reaction comprising
catalyzing said reaction with a compound of any one of claims 1-47, wherein the
bond is selected from the group consisting of a carbon-nitrogen bond, a carbon-
oxygen bond, a carbon-carbon bond, a carbon-sulfur bond, a carbon-phosphorus

bond, a carbon-boron bond, a carbon-fluorine bond and a carbon-hydrogen bond.

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

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

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

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

reacting primary phosphine with a divinylketone.
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