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A Brief History of P-Chiral Ligands

1970s: William Knowles et al

*

P'l,
R17} “R3

R2

P-Chiral Phosphine

[RhCI(L*)]
N NH, >

NHAc Ho NHAc

OMe

P.., .

| “iPr P,

Me i
Me

(S)-methylpropylphenyl

phosphine (S)-CAMP

Chiral information located

directly on P atom

AcO
AN

NHAc
AcO

28% ee 80% ee
“Chiral Wilkinson’s Catalyst”

Only modest selectivity for hydrogenation
of substituted styrene derivatives

HO
1. Hy, [(R,R)-DIPAMP]Rh(COD)BF4 OH

> NH;
HO
2. H,0

L-DOPA

Industrial-Scale

J. Am. Chem. Soc. 1977, 99, 5946; J. Chem. Ed. 1986, 63, 222; Acc. Chem. Res. 1983, 16, 106

(S,S)-DIPAMP

15-0482

95% ee

Synthesis of the antidepressant

L-DOPA

First P-chiral ligand used in a

commercial synthesis.
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https://www.strem.com/catalog/v/15-0482/52/phosphorus_97858-62-3

A Brief History of P-Chiral Ligands :

1980s and early 1990s:

! ! PPh,
Xy

(S)-BINAP

Novyori et al

Me
Me MeXO:C PCy,

Me,, P-Chiral Phosphines difficult to
synthesize and isolate

P
Q Me” o PCy, Field of asymmetric catalysis dominated
Me by phosphines with remote chirality
(S,S)-Me-DuPhos (S,S)-Cy-DIOP
Burk et al Achiwa et al

Late 1990s, early 2000s:

Resolution with (-)-Sparteine:

tBu“"lP\_/P\"’Me

Me tBu

(S,S)-BisP*

Tsuneo Imamoto et al

Chem. Rev. 2003, 103, 3029; J. Am. Chem. Soc. 1998, 120, 1635; Ang. Chem. Int. Ed. 2002, 41, 1612

Only one enantiomer accessible

H
p\.,,Me %@ Rigid backbone leads to

1‘Bu“"lP . ..
increased selectivity

Me Bu tBu tBu

(S,S)-MiniPhos
(S,S,R,R)-TangPhos

Xumu Zhang and Wenjun Tang
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Challenges with

Early P-Chiral Ligands

Challenges with prior ligands:

Air sensitive

Liquids or oils at RT

Difficult to handle

Low rigidity H
BN\ N\ "Me %@
Me tBu Racemization at higher temps st

(S,S)-BisP*

(S,S,R,R)-TangPhos

Difficult to obtain both isomers

2005:
Me tBu
s
N P
AN
v Veu
QuinoxP* DuanPhos
15-0126 15-1060

Imamoto et al

Xumu Zhang and Duan Liu

J. Am. Chem. Soc. 2005, 127, 11934; Eur. J. Org. Chem. 2005, 646

Air stable
Solid at RT

Resolution with (+) or (-) DBT:
Both enantiomers accessible
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https://www.strem.com/catalog/v/15-0126/52/phosphorus_866081-62-1
https://www.strem.com/catalog/v/15-1060/52/phosphorus_528814-26-8

Addressing Challenges: Benzooxaphospholes and BIBOP

Wenjun Tang et al, Boehringer Ingleheim

tButBu

tBu tBu R

TangPhos

Can an air-stable, modular P-
chiral phosphine be developed?

Benzooxaphosphole Core
generates a wide variety of
potential structures

O> functionalization 0
P\ZO EEEE— R=0
tBu tBu

OTf

Rigid, tunable BIBOP ligand framework

Air-stable

Org. Lett. 2010, 12, 176

tBU\T/CI
Cl
OMe 2. H20, NaOH OMe 1. HI, 100 °C
3. HCHO /—OH 2. MsCl, EtsN
Li 505 =0 3. NaOH
OMe ° OMe [Bu
88%
O, . . .
Single resolution with (0]
> (+)-menthyl chloroformate >
P=0 <
\ P=0
oy Bu 90% \
OH tBu

>99.5% ee, 42% yield

Both isomers obtainable

Kg scale
O H o
1. LDA, CuCl, >L<
— " » P H P
2. HSiCl;, TEA R tBu tBu
BIBOP

= ESTREM
@
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Tunable BIBOP Ligands and Selectivity

R

R =H(L1), OMe (L2), Me (L3), Ph (L4)

Asymmetric hydrogenation of a-arylenamides

Me

Rh[(ndb)L*|BF4 (1 mol%)
NHAc > NHAc
CH,Cl,, H, (100 psi), 12 h, 0 °C

Asymmetric hydrogenation of a -(acylamino)acrylic acids

0] )

Rh[(ndb)L*BF, (1 mol%
N e ()L BF, (1 mol%) owe
HN\n/tBu MeOH, H, (100 psi), 12 h, 0 °C HN\n/tBu
o) o)

Org. Lett. 2010, 12, 176

o H o
@ >L< :(; Ligand variation demonstrates the importance of tunability

P H P

R \tBu Bu

BIBOP Parent BIBOP and MeO-BIBOP give consistently high % ee

L1, R=H:99% ee
L2, R =0Me: 92% ee

L3, R =Ph: 49% ee

L4, R = Me: 4% ee

L1, R =H:99% ee

L2, R =0OMe: 93% ee

L3, R = Ph: 20% ee

L4, R = Me: 94% ee




MeO-BIBOP: Hydrogenation and Beyond

ol Ho
s
.- \tBu Most electron-rich BIBOP ligand

OMe
(R,R,R,R)-MeO-BIBOP (ent-L2)
15-6250

0 (0]
Me/Y Me MG/Y
Rh[(NBD),]BF, (0.005 mol%)

: HN HN
Hydrogenation at (R.R,R,R)-MeO-BIBOP Me 99% Yield
low catalyst loading N (ent12,0.0055ml™%) N 97% ee
| MeOH, 25 °C, 14 h | _
NZ Ns0,Me Hz, 300 psi N~ so,Me

(R,R,R,R)-MeO-BIBOP

CHO (ent-L2, 9 mol %)
: Cu(ll)isobutyrat OH ™S o/ Vi
Propargylation ©/ u((7)lsr}?o|uo/oy)ra e .y 99% Yield
+ > 97% ee

LiOtBu (7 mol %), THF
(0] TMS
I\B\/ -30°C, 18 h

O/

Rh(acac)(CO), (1.0 mol %)
0 (R,R,R,R)-MeO-BIBOP (0] CHO

; (ent-L2, 1.2 mol %) >99% Conversion
Hydroformylation )J\ XN Me)J\O/'\Me 285:1 branched:linear
CO/H, (10/10 bar), toluene

60°C, 20 h 90% ee

\

Org. Process Res. Dev. 2013, 17, 1061; Org. Process Res. Dev. 2014, 18, 904; J. Am. Chem. Soc. 2010, 132, 7600; Org. Let. 2016, 18, 3346


https://www.strem.com/catalog/v/15-6250/52/phosphorus_1228758-57-3

MeO-BIBOP: Hydrogenation and Beyond

MeO BU

SRS

BU Ome

(R,R,R,R)-MeO-BIBOP (ent-L2)

15-6250

0
Hydrogenation at

(0.001 mol%)
low catalyst loading

[Ru(ent-L2)(Cl),(ampy)]

iPrOH, KOtBu
25 °C, H, (400 psi)

[Ru(ent-L2)(Cl)z(ampy)]
(0.01 mol%)

iPrOH, KOtBu

25 °C, H, (300 psi)

TON > 10,000
kilogram-scale

>98% ee, 98% vyield

Org. Let. 2014, 16, 4142;

Most electron-rich BIBOP ligand

e]
T

> @O 98% Yield

92% ee
0
O OH
FsC N
Me ~ Me
N Me
Me
CETP inhibitor (drug candidate)

=l REM
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https://www.strem.com/catalog/v/15-6250/52/phosphorus_1228758-57-3

Adding Steric Bulk: WingPhos 1

top view front view
(S,S,S,S)-WingPhos (L5) substrate

15-1975

Deep chiral pocket t-Bu groups control anthracene orientation

@ X VHAC [Rh(nbd)(L5)IBF, (0.5 mol%) \\“NHAC
R " R

Asymmetric hydrogenation CH,Cla, Ha (750 psi), 50 °C

of B-arylenamides

MeO WNHAG Cl ‘\\\NHAc
K\ NHAc / o NHAc
Me I MeO Me
Me S Me e
97% ee 98% ee 93% ee 99% ee
wNHAC
oNHAC wNHAC WwNHAG
X -
N
MeO Me (@) (
OMe
Br OBz
98% ee 96% ee 97% ee 96% ee

Ang. Chem. Int. Ed. 2013, 52, 4235


https://www.strem.com/catalog/v/15-1975/52/phosphorus_1435940-19-4

Adding Steric Bulk: WingPhos 12

o H o
g P: H P G
\ N
tBu tBu

(S,S,S,S)-WingPhos (L5) substrate
15-1975

top view front view

Deep chiral pocket t-Bu groups control anthracene orientation

@ X VHAC [Rh(nbd)(L5)IBF, (0.5 mol%) ‘\\\NHAc
R CH,Cly, H, (750 psi), 50 °C R

Asymmetric hydrogenation
of B-arylenamides

NHA \\NHAC
AN C
[Rh(nbd)(L5)IBF,4
Me (0.1 mol %) Me ____ 5
N > N
—_—
(\ H, (750 psi), CH,Cl,

OBz OBz

96% ee, 95% yield silodosin (alpha-1 blocker)

=l REM

Ang. Chem. Int. Ed. 2013, 52, 4235 CHEMICALS, INC.



https://www.strem.com/catalog/v/15-1975/52/phosphorus_1435940-19-4

Adding Steric Bulk: WingPhos

13

(S,S,S,S)-WingPhos (L5)
15-1975

Tertiary alcohol synthesis via addition
of arylboroxines to aryl ketones

Substrate aryl interactions with
ligand anthracyl groups may
contribute to selectivity

No ligand racemization at 100 °C

Ang. Chem. Int. Ed. 2016, 55, 4527

Deep chiral pocket

top view front view

substrate

t-Bu groups control anthracene orientation

o [Rh(C4H4)5Cll, (1.5 mol%)
(R,R,R,R)-WingPhos (ent-L5) (3.6 mol%) HO R
+ (Ar'BO); > S
Ar R . . Ar Ar'
(2 equiv) CsF (4 equiv), MgBr, (0.35 equiv),
MTBE, 100 °C

OMe
>99% ee >99% ee 99% ee
96% vyield 80% yield 77% yield
OMe
HO_, Me
OMe

>99% ee >99% ee 99% ee
98% vyield 98% yield 88% yield



https://www.strem.com/catalog/v/15-1975/52/phosphorus_1435940-19-4

Adding Steric Bulk: WingPhos 1

o H o
g P: H P G
\ N
tBu tBu

t i front view
(S,S,S,S)-WingPhos (L5) substrate opVIeW
15-1975 - , ,
=2=2r2 Deep chiral pocket t-Bu groups control anthracene orientation
o [Rh(C3H4),Cll, (1.5 mol%)
)J\ AFBO (R,R,R,R)-WingPhos (ent-L5) (3.6 mol%) HO R
. . . o r g S
Tertiary alcohol synthesis via addition Ar v )s N N
of arylboroxines to aryl ketones (2 equiv) CsF (4 equiv), MgBrz (035 equiv),
Y Y MTBE, 100 °C
(4-FCgH,4BO); (2 equiv) R
. [Rh((gstg)z;I]z (1.5 mol %) ” o
-WingPhos
cl (L5, 3.6 mol %) O NS 3
 —

MgBr, (0.35 equiv)
CsF (4 equiv)
MTBE, 100 °C

Cl

>99% ee, 70% yield

Ang. Chem. Int. Ed. 2016, 55, 4527

_

O /©:/(O\/\NM92
NC

escitalopram (antidepressant)

=l REM
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https://www.strem.com/catalog/v/15-1975/52/phosphorus_1435940-19-4

Combining Steric and Electronic Modifications: ArcPhos

15

P i P
tBu tBu @
Meo tBU tBU OMS

(R,R,R,R)-MeO-BIBOP (ent-L2)
15-6250

(S,S,S,S)-WingPhos (L5)
15-1975

Deep chiral pockets Electron rich

[Rh(nbd),]SbFg (1 mol%)

NHAc  (RRRRRR)-ArcPhos (L21) \NHAG
)I(\/(\I (1.2 mol%) )I(\:D\\
Y. . %
n H, (500 psi), RT, 6 h g

>99% vyield, up to >99% ee

Rhodium-catalyzed hydrogenation of
aliphatic cyclic tetrasubstituted enamides

With MeO-BIBOP: up to 70% ee

With WingPhos: up to 20% ee

Angew. Chem. Int. Ed. 2019, 58, 13573

oH Hlo
P P
tB:: \tB
o} u u o
h—"

/\Me Me
Me

Me

(R,R,R,R,R,R)-ArcPhos (L21)
Please inquire

Electron rich with
deep chiral pockets

First enantioselective
synthesis of (R)-Tofacitinib

(R)-Tofacitinib (Janus Kinase inhibitor)

/ ~ N
N \NJ
H



https://www.strem.com/catalog/v/15-1975/52/phosphorus_1435940-19-4
https://www.strem.com/about/contact.php
https://www.strem.com/catalog/v/15-6250/52/phosphorus_1228758-57-3

BABIBOP

0
(L Coupled via AOTE
Et,NI (2 eq) Pruggy
0 Zn (3 eq) —Bu - -
> DMAGc, 140 °C O F’> Binding mode similar to BINAP
> R
'2\0 2.LDA, RI o
B .
ore ™t 3. HSICls, TEA  BABIBOP Tunability through methylene
L6: R = H ((R,R)-BABIBOP) and aryl R groups
L7: R = iPr ((R,R.R,R)-iPr-BABIBOP)
R = alkyl, aryl
o 9 00 ma oH 0 .
J\/U\ ' _ /@\)J\ Up to 99% ee, 99% vyield
R OR! ~ R OR!
CF3CF,CH,OH/TFA
Hz (35 atm), 60 °C Highest reported selectivity for
Pd-catalyzed hydrogenation
Cu-catalyzed hydrogenation of
CuCl, (5 mol%) OH @ ketones via dynamic kinetic resolution
(R,R)-BABIBOP (L6, 5 mol%)
P(3,5-xylyl)s (5 mol%) g Up to 96% ee, 95% vield
KOtBu (50 mol%) >99:1 d.r

H,, iPrOH, 25 °C, 24 h

With BIBOP: 54% ee

Chin. J. Chem. 2018, 36, 153; Org. Lett. 2018, 20, 1725; Chem. Sci. 2018, 9, 4505



Monophosphine Ligands for a Variety of Transformations

17

O Ph,
—Me

. o) /

SP—N

~
0 >—Me
PH

monophosphoramidite

3P NMR & = 124.9 ppm

(I
P
\tBu
MeO ! OMe

(S)-BI-DIME (L8)
15-6210

L12
15-6295

tBu

PCy2
MeO l OMe

S-Phos (Buchwald)
3P NMR & = -8.6 ppm

P-chiral biaryl
monophosphorus ligand

3P NMR & =-7.9 ppm (L8)

(S,S)-Me-BI-DIME (L9)
15-6220

L13
15-6840

ACS Catal. 2016, 6, 4814; Org. Lett. 2010, 12, 176

(@)

MeO ! OMe

(S,S)-iPr-BI-DIME (L10)

15-6230

(o) 6]
ssie st
\tBu \tBu

(S)-AntPhos (L14)
15-1967

>nnliPr

P
\tBu

Air-stable rigid framework

Electron rich phosphorus
compared to phosphoramidites

Highly tunable structure

L11
15-6320

(S)-iPr-AntPhos (L15)
15-6820


https://www.strem.com/catalog/v/15-6210/52/phosphorus_1373432-09-7
https://www.strem.com/catalog/v/15-6220/52/phosphorus_1373432-11-1
https://www.strem.com/catalog/v/15-6230/52/phosphorus_1477517-21-7
https://www.strem.com/catalog/v/15-6320/52/phosphorus_1683581-58-9
https://www.strem.com/catalog/v/15-6295/52/phosphorus
https://www.strem.com/catalog/v/15-6840/52/phosphorus_2021202-03-7
https://www.strem.com/catalog/v/15-1967/52/phosphorus_1807740-34-6
https://www.strem.com/catalog/v/15-6820/52/phosphorus_1891002-61-1

Suzuki-Miyaura Coupling of Hindered Biaryls

Sterically hindered conformer facilitates transmetallation and
reductive elimination for highly substituted substrates

Pd(OAc), (5 mol%) OO
OO B(OH)2  NitinPhos (L16, 10 mol %) Me
Me >
+
Me KsPOy, THF Me
Br 90% ee, 97% yield

P 4
i

Ar !
P

ACS Catal. 2018, 8, 10190;

NitinPhos (L16)
Please inquire

Multiple conformers of S-Phos can
make reductive elimination of

hindered complexes challenging

=l REM
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https://www.strem.com/about/contact.php
https://www.strem.com/catalog/v/15-1143/52/phosphorus_657408-07-6-SPHOS

Suzuki-Miyaura Coupling of Hindered Biaryls

19

Sterically hindered conformer facilitates transmetallation and
reductive elimination for highly substituted substrates

B(OH)2  NitinPhos (L16, 10 mol %)
L, -
Mo K3PO,, THF
Br 90% ee, 97% yield

3

R= CHj3 or NMe,

OBn OMe

Me

B(OH),

ACS Catal. 2018, 8, 10190;

BOPO

Br

OTBS

CHO

Pd(OAG), (5 mol%)

Pd(OAc), (5 mol%)
Me-BI-DIME (L9, 6 mol %)

[

K3POy4
96% ee, 95% yield

Pd(OAC), (1 mol%)
iPr-BI-DIME (L10, 1.2 mol%)

K3POy, Tol./water = 5:1
93% ee, 96% yield

[

OBn OMe

BOPO. I CHO

OTBS

Me

NitinPhos (L16)
Please inquire

0]

>n|lMe

P~Bu
MeO ! OMe

Me-BI-DIME (L9)
15-6220

(0]
>u|||iPr
P~Bu
MeO l OMe

iPr-BI-DIME (L10)
15-6230



https://www.strem.com/catalog/v/15-6230/52/phosphorus_1477517-21-7
https://www.strem.com/catalog/v/15-6220/52/phosphorus_1373432-11-1
https://www.strem.com/about/contact.php

Suzuki-Miyaura Coupling of Hindered Biaryls

20

Sterically hindered conformer facilitates transmetallation and
reductive elimination for highly substituted substrates

Br

O . e
Me

99,

P
\tBu

(S)-BI-DIME (L8)
15-6210

ACS Catal. 2018, 8, 10190; Ang. Chem. Int. Ed. 2015, 54, 7144;

Pd(OAG), (5 mol%)

B(OH)2  NitinPhos (L16, 10 mol %) ‘ ‘

Me

»

[Pd,dbag] (0.5 mol%)
(S)-BI-DIME
| (L8,1.1 mol%)

K3POy4, THF
90% ee, 97% yield

1-pentanol/H,0
(3/1 viv)
Na,COs3, 60 °C

kilogram scale

\

P>

e9h

dr:>95/5
71% isolated yield

NitinPhos (L16)
Please inquire

HIV integrase inhibitor



https://www.strem.com/about/contact.php
https://www.strem.com/catalog/v/15-6210/52/phosphorus_1373432-09-7

Pd-Catalyzed Dearomative Cyclization 1

[Pd(cinnamyl)Cl], (1 mol %)

> Br
P R L11 (2 mol %)
tBu X
N
)n
HO

Kinetically favored

\/

Ph\@/Ph K,COs, toluene RE product
n=0-2
(L11) =G N
15-6320 IR

Both L11 and
AntPhos are
effective ligands

Common motif
in steroids and

86% yield, 91% ee 60% yield, 99% ee 99% yield, 99% ee 35% yield, 96% ee
terpenes from vinyl triflate
Kaurene
intermediate OMe
(4 steps)

Previously 14
steps via
asymmetric
Heck reaction

86% yield, 91% ee 95% yield, 83% ee 96% vyield, 91% ee 65% vyield, 97% ee

Ang. Chem. Int. Ed. 2015, 54, 3033


https://www.strem.com/catalog/v/15-6320/52/phosphorus_1683581-58-9

Pd-Catalyzed Dearomative Cyclization in Total Synthesis

(R)-AntPhos (ent-L14)
15-1963

TBSQO

k é o\\P/\N 4§:}

NMez

O o> MezN
P

NBnBoc
(S)-AntPhos (L14)
15-1967 Br

)
O;Fi NMe, OH
NMez

Pd,(dba)s (3 mol%)
(R)-AntPhos
(ent-L14, 8 mol%)

—_>
. —_—
K>CO3 (2 equiv) Br
toluene, 100 °C
OMe

OMe

96% ee, 52% yield

(+)-dalesconol A

TBSO

[Pd(cinnamyl)Cl], (1 mol%)
(S)-AntPhos (L14, 2 mol%) _>
K>CO3 (2 equiv)
I 0
oH toluene, 90 °C MezN NMe2

94% ee, 96% vyield

NBnBoc

[Pd(cinnamyl)Cl], (1 mol%)
(S)-AntPhos (L14, 2 mol%) % >
o @) —_—

K,CO3 (2 equiv) 'il

toluene, 115 °C o§|3\_NMeZ
NMe,

94% ee, 96% yield

Chem. Sci. 2017, 8, 6247; J. Am. Chem. Soc. 2017, 139, 3360

(-)-crinine

iy, - Me

N
H H

(-)-aspidospermidine

22



https://www.strem.com/catalog/v/15-1967/52/phosphorus_1807740-34-6
https://www.strem.com/catalog/v/15-1963/52/phosphorus_1456816-37-7

Asymmetric Ni-Catalyzed Reductive Coupling

23

(S)-AntPhos (L14)
15-1967

g8
Me

P
\tBu

MeO ] OMe Ph

(S)-BI-DIME (L8)
15-6210

Ligand dimer reduces entropy

Increased stability towards C—H
activation and ring opening

50-fold decrease in loading

Angew. Chem. Int. Ed. 2015, 54, 2520; Org. Chem.

99® o -
¥|_I_R| 2. TBAF 2R'

1. Ni(COD), (5 mol %)
L14 (5 mol %) R

Et;SiH (2 equiv)
dioxane, rt, 20 h

Up to 92% yield, 99% ee

R, R' = Aryl, alkyl

CHO Ni(COD), (5 mol%)
MeO OMe L8 (5mol%)  pp X
; Me
Me,Zn (3 equiv)
. MeO

toluene, rt, 16 h

98% ee, 97% yield

1. Ni(COD), (0.1 mol%)
Ph L17 (0.05 mol%) Ph

% Et,SiH (3 equiv)
0 dioxane, 12 h TN ~~ “H
> S
TSN \)I\Ph 2, TBAF o
Ph

92% yield, 99% ee

Front. 2015, 2, 1322; Commun. Chem. 2018, 1, 90;

OMe

aldehyde/ketone
coupling

Yield with S-Phos:
98% (racemic)

Monophosphines
well-suited to Ni’s
smaller radius

High loading
relative to Rh,
Ir, etc

MeO I
tBuZP
(0] ‘
8
P~y
MeO l OMe

L17: (S,S)-DI-BIDIME]
Please inquire

OMe



https://www.strem.com/catalog/v/15-1967/52/phosphorus_1807740-34-6
https://www.strem.com/catalog/v/15-6210/52/phosphorus_1373432-09-7
https://www.strem.com/about/contact.php

Asymmetric Hydroboration and Diboration with BI-DIME 2

Ly

P
\tBu

MeO ] OMe

(S)-BI-DIME (L8)
15-6210

Me
HN/go

Diboration of allenes

Me L8 (2.5 mol%)
Pdy(dba)s (1.0 mol%)

% (Bpin), (1.2 equiv)

cyclohexane, rt, 24 h

97% yield, 94% ee

\/

Asymmetric hydroboration

High Markovnikov selectivities

Access to chiral a-amino tertiary boronic esters

Compatible with a variety of aryl groups

[Rh(L8)(NBD)]BF,4 (2 mol%)
(Bpin), (1.5 equiv)

[
!

DABCO, CgFg, 60 °C, 12 h

69% yield, 99% ee

First enantioselective
synthesis of brassinazole

Me_ Bpin

Bpin 5 steps

>

brassinazole
=1l REM
/|

J. Am. Chem. Soc. 2015, 54, 3033; Chem. Sci. 2017, 8, 5161 CHEMICALS, INC.


https://www.strem.com/catalog/v/15-6210/52/phosphorus_1373432-09-7

Unique Monophosphine Ligands
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0 — Ph [Ir(COD),Cl], (1 mol%) —FPh
o \ / L18 (3 mol%) N
p\ N —® H, (450 psi), I, (5 mol%)
NBn > NBn
OMe BU OMe N\ /0 >
Br THF-MeOH, 30 °C

L18 (MeO-BoQPhos) chiral 2-alkyl piperidines

80% ee, 95% yield

15-6854
__ [I(COD)CI], (0.1 mol%)
NG MeO-BoQPhos
\ &/ (L18, 0.3 mol%) NC ®
NBn 0.5 mol% I, —_— >
- NHBn
© . _—
Br H, (450 psi) Bre
THF/MeOH (3/1), 50 °C
>99.9:0.1 dr
70% ee

Org. Lett. 2016, 18, 4920; J. Am. Chem. Soc. 2016, 138, 15473

Monophosphines with
secondary interactions

Asymmetric hydrogenation
of pyridinium salts

N

NC <

o}
11R3-HSD-1 inhibitor

=l REM

CHEMICALS, INC.


https://www.strem.com/catalog/v/15-6854/52/phosphorus_1777796-37-8

Unique Monophosphine Ligands 2

0

OMe tBu OMe

L18 (MeO-BoQPhos)
15-6854

O O
@ el
P\ N "Ph
OMe tBu

L19 (Ph-LalithPhos)
Please inquire

0

L20 (JoshPhos)
Please inquire

Ph

®NB
\ o

/

Ph

Br

Ph

NTs

J

H, (450 psi), I, (5 mol%)

[Ir(COD),Cl], (1 mol%) Ph
L18 (3 mol%) S

> < NBn

THF-MeOH, 30 °C
80% ee, 95% yield

[Ir(L19)(COD)(BARF)]
(2 mol%)

Ph
Oé

substituted tetralins

H, (1 atm), DCM, rt

>99% vyield, 98% ee

[Rh(ethylene),Cl], (2 mol%)

L20 (5.2 mol%)

4-MeOPhB(OH), (2 equiv) NHTs

»

Ph” “PMP

6 mol% KOH, proton sponge

toluene, 60 °C

98% ee, 75% yield

Org. Lett. 2016, 18, 4920; Angew. Chem. Int. Ed. 2014, 53, 14428; Org. Lett. 2014, 16, 5494

chiral 2-alkyl piperidines

Monophosphines with
secondary interactions

Asymmetric hydrogenation
of pyridinium salts

Asymmetric hydrogenation
of dialins at low pressure

Substrates with few
directing groups

Addition of boronic acids to
imine electrophiles

P, m-hybrid ligands

=l REM

CHEMICALS, INC.


https://www.strem.com/catalog/v/15-6854/52/phosphorus_1777796-37-8
https://www.strem.com/about/contact.php
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Conclusions
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(@)
Qg
R
R tBU

Benzooxaphosphole

Air stable, rigid P-chiral ligand framework

High levels of enantioinduction

Highly tunable, wide variety of ligands

Broad synthetic applications in
asymmetric catalysis

o H o
P: H P
R tBu (Bu R

BIBOP, WingPhos

O> NS =

R-BABIBOP

o] /\l/o
> Nl >
P"ll, P
tBu :( \tBu
2

¢

AntPhos

MeO

=l REM

CHEMICALS, INC.



Links: Some Benzooxaphospho

e Ligands Available from Strem

tBu tBu

BIBOP (L1-4)

L1, R =H: 15-6270; 15-6275 (ent)
L2, R = OMe: 15-6255; 15-6250 (ent)

L3, R = Me: (Please inquire)
L4, R =Ph: 15-6265; 15-6260 (ent)

| ‘ tBu tBu | ‘

(S,S,S,S)-WingPhos (L5)

L5: 15-1975; 15-1970 (ent)

(0]
s

Pungy

P/tBU
O S

(o]
R-BABIBOP

L6, R = H: 15-6415; 15-6410 (ent)
L7, R = iPr: 15-6445; 15-6430 (ent)

(S)-BI-DIME (L8)
L8, R =H:15-6210; 15-6211 (ent)
L9, R = Me: 15-6220; 15-6225 (ent)
L10, R =iPr: 15-6230; 15-6235 (ent)

L11
L5: 15-6320; 15-6315 (ent)

L12
L12: 15-6295; 15-6290 (ent)

O >
P
\tBU

MeO OMe

Me Me

L13
L13: 15-6840; 15-6834 (ent)

(@]
O N
P

\tB u

(S)-AntPhos (L14)
L14, R = H: 15-1967; 15-1963 (ent)
L15, R = iPr: 15-6820; 15-6818 (ent)

(o) Me Me
lllllK
O P> OMe

\tBu

MeO ! OMe

NitinPhos (L16)
L16: Please inquire

L17: (S,S)-DI-BIDIME]
L17: Please inquire

:; :O> —
vl \
P\ N /
OMe tBu OMe

L18 (MeO-BoQPhos)
L18: 15-6854; 15-6860 (ent)
L19 (LalithPhos): Please inquire
L20 (JoshPhos): Please inquire
L21 (ArcPhos): Please inquire

lan Powers, Strem Chemicals Technical Presentation, May 2020

Sold in collaboration
with Zejun

+ 1000’s of other
ligands

P-Chiral ligands
Chemiker (link)



https://www.strem.com/catalog/v/15-6270/52/phosphorus_1202033-17-7
https://www.strem.com/catalog/v/15-6270/52/phosphorus_1202033-17-7
https://www.strem.com/catalog/v/15-6275/52/phosphorus_1610785-35-7
https://www.strem.com/catalog/v/15-6255/52/phosphorus_1202033-19-9
https://www.strem.com/catalog/v/15-6250/52/phosphorus_1228758-57-3
https://www.strem.com/about/contact.php
https://www.strem.com/catalog/v/15-6265/52/phosphorus_1202033-21-3
https://www.strem.com/catalog/v/15-6260/52/phosphorus
https://www.strem.com/catalog/v/15-1975/52/phosphorus_1435940-19-4
https://www.strem.com/catalog/v/15-1970/52/phosphorus_1884680-45-8
https://www.strem.com/catalog/v/15-6415/52/phosphorus_2214207-73-3
https://www.strem.com/catalog/v/15-6410/52/phosphorus_2207601-04-3
https://www.strem.com/catalog/v/15-6445/52/phosphorus_2214207-75-5
https://www.strem.com/catalog/v/15-6430/52/phosphorus_2207601-12-3
https://www.strem.com/catalog/v/15-6210/52/phosphorus_1373432-09-7
https://www.strem.com/catalog/v/15-6211/52/phosphorus_1338454-03-7
https://www.strem.com/catalog/v/15-6220/52/phosphorus_1373432-11-1
https://www.strem.com/catalog/v/15-6225/52/phosphorus_1477517-18-2
https://www.strem.com/catalog/v/15-6230/52/phosphorus_1477517-21-7
https://www.strem.com/catalog/v/15-6235/52/phosphorus_1477517-19-3
https://www.strem.com/uploads/resources/documents/chemiker_xxxi_vol1.pdf
https://www.strem.com/catalog/v/15-6320/52/phosphorus_1683581-58-9
https://www.strem.com/catalog/v/15-6315/52/phosphorus_1884457-40-2
https://www.strem.com/catalog/v/15-6295/52/phosphorus
https://www.strem.com/catalog/v/15-6290/52/phosphorus_1835717-07-1
https://www.strem.com/catalog/v/15-1967/52/phosphorus_1807740-34-6
https://www.strem.com/catalog/v/15-1963/52/phosphorus_1456816-37-7
https://www.strem.com/catalog/v/15-6820/52/phosphorus_1891002-61-1
https://www.strem.com/catalog/v/15-6818/52/phosphorus
https://www.strem.com/catalog/v/15-6840/52/phosphorus_2021202-03-7
https://www.strem.com/catalog/v/15-6834/52/phosphorus
https://www.strem.com/catalog/v/15-6854/52/phosphorus_1777796-37-8
https://www.strem.com/catalog/v/15-6860/52/phosphorus_1542796-16-6
https://www.strem.com/about/contact.php
https://www.strem.com/about/contact.php
https://www.strem.com/about/contact.php
https://www.strem.com/about/contact.php
https://www.strem.com/about/contact.php
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https://www.strem.com/uploads/resources/documents/phosphorusligands.pdf
https://www.strem.com/uploads/resources/documents/phosphorusligands.pdf
https://www.strem.com/uploads/resources/documents/chemiker_xxxi_vol1.pdf
https://www.strem.com/uploads/resources/documents/chemiker_xxxi_vol1.pdf

