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Asymmetric Catalysis — Known Strategies

B Selective reaction with a prochiral, planar precursor is a common strategy in asymmetric catalysis:
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B Kinetic resolution and dynamic kinetic resolutions also have been well-established:
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Asymmetric Catalysis — Enantioconvergent Reactions

B Enantioconvergent reactions are distinct from DKR because they proceed through a prochiral or

configurationally unstable intermediate during catalysis, as opposed to prior racemization
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B The energetics that favor the catalytic conversion of the undesired (R)-enantiomer also will favor its

re-formation from the intermediate (if k; is large, then kg, must also be)

B The closed system will inexorably proceed towards equilibrium (racemization)
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B The principle of microscopic reversibility prohibits a single catalytic step from deracemizing a

reaction
B Two or more steps proceeding through distinct mechanisms are necessary
B Chemical compatibility of reagents can be a challenge, especially in redox cycling
B Temporal separation is one possible solution (stepwise reactions)

B Photochemical methods would be ideal, but few candidate systems exist

Knowles, R. R.; et al. Science 2019, 366, 364.
Blackmond, D. G. Angew. Chem. Int. Ed. 2009, 48, 2648.



Deracemization: Phase Separation and Chemical Energy

B Catalytic enantioselective reduction of imines with chiral phosphoric acids is well known:

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.
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B Catalytic enantioselective reduction of imines with chiral phosphoric acids is well known:

Me

Me EtO,C COzEt  cPA (10 mol%) Me
)—Ph * H > “uPh
N Me”™ N° Me toluene, rt, 1h N
H H
insoluble

100% conversion,
98% ee
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Deracemization: Phase Separation and Chemical Energy

B Catalytic enantioselective reduction of imines with chiral phosphoric acids is well known:

Me

Me EtO,C COzEt  cPA (10 mol%) Me
)—Ph * H > “uPh
N Me”™ N° Me toluene, rt, 1h N
H H
insoluble

100% conversion,
98% ee

B The Toste group found CPAs can facilitate phase-transfer oxidation of indolines, with low selectivity

NHAc
Mo\ Me CPA (10 mol%) Me_Me
©\)37Ph C " g O\);*Ph
N Me” N e toluene, rt, 1h N

H 0
insoluble 100% conversion,

s=1.1

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B This phase transfer system appeared suited for a deracemization strategy:
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Deracemization: Phase Separation and Chemical Energy

B This phase transfer system appeared suited for a deracemization strategy:

l reagent ki, [cat], reductant kg
non-selective recycling selective recycling

Y
[cat] [cat], oxidant
+ Sy , + ;
kinetic resolution non-selective

:

@ - @
T reagent Ky T [cat], reductant kg

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B This phase transfer system appeared suited for a deracemization strategy:

l reagent kp , reductant kg
non-selective recycling selective recycling ;

@ _. @ _.

N , oxidant
* kinetic resolution non-selective

------ T /
Q@ - @
T reagent Ky T , reductant kg
B However, no deuterium erosion (no reaction) was observed when the two cycles were combined:
" NHAC
e EtO,C CO,Et Me Me
Me 2 H 2 CPA (10 mol%) Me Me
Ph * Ve N e + Me Me > Ph Bh
N D H Me” N e toluene, rt N b N
insoluble ©
insoluble recovered not observed

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B While the two reagents were insoluble, they were consuming each other in the solid phase:

NHAc

EtO,C CO,Et

Me N Me
H Me (.'\){ Me
insoluble
insoluble

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B While the two reagents were insoluble, they were consuming each other in the solid phase:

NHAc

EtO,C CO,Et

Me N Me
H Me (.';{ Me
insoluble
insoluble

M Therefore, a three-phase strategy (solid, organic, and aqueous) was devised:

solid phase selective reduction

(Hantzsch Ester)

organic phase

Me Me

Me Me
N N
H H

aqueous phase (oxopiperidinium) oxidation

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B Evaluation of several solvent mixtures as well as Hantzsch esters variants showed promise:

CPA (10 mol%)

NHAc M CPA
Me ' \e Hantzsch Ester ®\_Me Entry 1-7:
2 equiv =
N D N Entry 8:
H Me N Me solvent, rt, 24 h H R = j-Pr
O
entry Hantzsch Ester solvent additive Hincorp (%) ee
1 1a
H_H
2 1a 5 4 RO,C CO5R
3 1a 68 67 | |

1a: R=Et
1b: R=Bn
1c: R=4-CIBn
1d: R =2,6-Cl,Bn

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B Evaluation of several solvent mixtures as well as Hantzsch esters variants showed promise:

e NHAG CPA (10 mol%)

Me Hantzsch Ester
(2 equiv)
Ph + Me Me >
D

Me

Me
@fg....%
N
H

N Me” N e solvent, rt, 24 h
O

entry Hantzsch Ester solvent additive Hincorp (%) ee
1 1a -
2 1a - 5 4
3 1a - 68 67
4 1a HCI 84 81
5 1b HCI 56 56

CPA
Entry 1-7:
R=Cy
Entry 8:
R = i-Pr

1a: R=Et
1b: R=Bn
1c: R=4-CIBn
1d: R =2,6-Cl,Bn

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Phase Separation and Chemical Energy

B Evaluation of several solvent mixtures as well as Hantzsch esters variants showed promise:

e, e e nsch et M e
mPh + Me Me e _ @fg""m‘
ND Me” N Me solvent, rt, 24 h N
O

entry Hantzsch Ester solvent additive Hincorp (%) ee
1 1a -
2 1a - 5 4
3 1a - 68 67
4 1a HCI 84 81
5 1b HCI 56 56
6 1c HCI 97 92
7 1d (1.5 eq) HCI 96 92

CPA
Entry 1-7:
R=Cy
Entry 8:
R = i-Pr

1a: R=Et
1b: R=Bn
1c: R=4-CIBn
1d: R =2,6-Cl,Bn
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Deracemization: Phase Separation and Chemical Energy

B Evaluation of several solvent mixtures as well as Hantzsch esters variants showed promise:

NHAC CPA (10 mol%) CPA
Me Me M
Me Hantzsch Ester e Entry 1-7:
2 equiv =
mph + Me Me ( 9 ) > @ullph R = Cy
N D N N Entry 8:
H Me N Me solvent, rt, 24 h H R = j-Pr
O
entry Hantzsch Ester solvent additive Hincorp (%) ee
1 1a PhMe -
2 1a 1:1 PhMe/H,0 - 5 4 RO,C A<M COzR
3 1a 9:1:10 Hex/Et,0/H,0 - 68 67 ||
M N M
4 1a 9:1:10 Hex/Et,0/H,0 HCl 84 81 ¢y e
5 1b 9:1:10 Hex/Et,0/H,0 HCI 56 56 1a: R = Et
6 1c 9:1:10 Hex/Et,0/H,0 HCI 97 92 1b: R=Bn
7 1d(1.5eq)  9:1:10 Hex/Et,0/H,0 HCI 96 92 le: R =4-CIBn
1d: R =2,6-Cl,Bn
8 1d (1.5 eq) 9:1:10 Hex/Et,0O/H,O HCI 98 94

Lackner, A. D.; Samant; A. V.; Toste, F. D. J. Am Chem Soc. 2013, 135, 14090.



Deracemization: Photochemical excitation of axially chiral molecules

B The racemization of axially chiral allenes via a triplet state is well known:

Rodriguez, O.; Morrison, H. Chem. Comm. D. 1971, 373, 679.
Bach, T.; et al. Nature 2018, 564, 240.



Deracemization: Photochemical excitation of axially chiral molecules

B The racemization of axially chiral allenes via a triplet state is well known:

- 2
Me Me
Me hv (A =254 nm) Me
wH toluene (3 equiv H
——l (3 eq >) —— H H
H H via
12% ee hexane, rt racemic
toluene as sensitizer \ /
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Deracemization: Photochemical excitation of axially chiral molecules

B The racemization of axially chiral allenes via a triplet state is well known:

hv (A =254 nm)

Me Me
ve H  toluene Bequiv)  ° H >=?a§
W oluene (3 equiv
>='='Me q > >=liMe H H
H H via
12% ee hexane, rt racemic
toluene as sensitizer \ J

r D

B In the presence of a chiral sensitizer, this process could be used to drive deracemization

Me H Me H Me H Me H
N N\ W\
>='='Me + >='=‘Me st > >='='Me + >==6’Me
H H as H (R) . H (S)
(R)-enantiomer racemic
Me Me Me Me
>= —Me > WMe A SRS ) WH : H
: ’ : slow g Me "Me
H H H (R) . H (S)
racemic

(S)-enantiomer

Rodriguez, O.; Morrison, H. Chem. Comm. D. 1971, 373, 679.
Bach, T.; et al. Nature 2018, 564, 240.



Deracemization: Photochemical excitation of axially chiral molecules

B The racemization of axially chiral allenes via a triplet state is well known:

4 )

Me Me
Me W otne f35 . nm)) Me H >=?92
>=_=\\ oluene (3 equiv >=_=<
Me a > Me H H
H H via
12% ee hexane, rt racemic triplet diradical

toluene as sensitizer \ /

B In the presence of a chiral sensitizer, this process could be used to drive deracemization

Me Me chiral sensitizer Me Me

WH «H WH H
>=.='Me + >='=‘Me et > >='='Me >='="Me
H i "R _Ho(s)

(R)-enantiomer racemic
Me Me chiral sensitizer Me Me

\\Me \\Me __________________ \\H H
>==~H + >=-=~H > >='='Me + >='="Me
H H slow H H

(R , (S)
(S)-enantiomer racemic

Continuous cycling of substrate will lead to accumulation of (S)

Rodriguez, O.; Morrison, H. Chem. Comm. D. 1971, 373, 679.
Bach, T.; et al. Nature 2018, 564, 240.



Deracemization: Photochemical excitation of axially chiral molecules

B This transformation is a variant of the recycling concept, but with the diradical as intermediate:

r D

Me Me

W\ oluene equiv
>='='Me ( q») >=.=<Me H H
H H via

12% ee hexane, rt racemic

Bach, T.; et al. Nature 2018, 564, 240.



Deracemization: Photochemical excitation of axially chiral molecules

B This transformation is a variant of the recycling concept, but with the diradical as intermediate:

r D

Me Me
Me H thi) (%= ?:;54 ””7)) Me H >=?92
>=_=\\ oluene (3 equiv >=_=<
Me d > Me H H
H H via
12% ee hexane, rt racemic triplet diradical
q J

M Light (the source of energy) and a chiral catalyst selectively form a high energy intermediate that

non-selectively recycles to the racemic substrate:

l reagent Kk l Kp
non-selective recycling non-selective recycling

® Kr ®*f \

[cat] [chiral >=?%?
* kinetic resolution @ :> * sensitizer] H H

------ id triplet diradical
"""""""""""""" - _/
@ ks @ Ks

reagent Ky T Kp

Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization Background: Enantioselective Photosensitization

B Bach had developed an enantioselective H-bonding photosensitizer for single electron transfer:

Bauer, A.; Westkamper, F.; Grimme, S.; Bach, T. Nature 2005, 436, 1139.
Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization Background: Enantioselective Photosensitization

B Bach had developed an enantioselective H-bonding photosensitizer for single electron transfer:

(" )
S
O
HN
via
\ J

(P

N
hv (4> 300 nm)
catalyst (10 mol%)
N
-60 °C, toluene

71% yield e e aaaae '
single diastereomer

Bauer, A.; Westkamper, F.; Grimme, S.; Bach, T. Nature 2005, 436, 1139.
Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization Background: Enantioselective Photosensitization

B Bach had developed an enantioselective H-bonding photosensitizer for single electron transfer:

-
S
O
HN
via
\

(P

N N/7 gTTTTTTITI TR A %
ho (A > 300 nm) - 5 O :

catalyst (10 mol%) : E

A > /k ] :
-60 °C, toluene H O MeO OMe :

N O no catalyst: 21% yield _ : photosensitizer :
1% yield e !

single diastereomer

Bauer, A.; Westkamper, F.; Grimme, S.; Bach, T. Nature 2005, 436, 1139.
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Allene Deracemization Background: Enantioselective Photosensitization

B Bach had developed an enantioselective H-bonding photosensitizer for single electron transfer:

(P
c N

o )

HN A

. N O
via H

no catalyst: 21% yield

N/7 gTTTTTTITI TR A %
ho (A > 300 nm) - 5 0 :
N catalyst (10 mol%) : E
- 1L U

-60 °C, toluene N™ 0 MeO OMe :

71% yield e e aaaae '
single diastereomer

B H-bonding holds the substrate near the sensitizer, promoting the key SET in a chiral environment

(P

N

hv (1> 300 nm)
catalyst (5 mol%)

AN v

-60 °C, toluene

.............................................

64% yield, 70% ee

Me
N :
+ Me
W E O
| ’ G L T
: N ,
NO o 0 s
t catalyst photosensitizer, ]

steric blocking element

............................................

Bauer, A.; Westkamper, F.; Grimme, S.; Bach, T. Nature 2005, 436, 1139.
Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization Background: Enantioselective Photosensitization

B Bach had developed an enantioselective H-bonding photosensitizer for single electron transfer:

(" )
S
O
HN
via
\ J

(P

N N/7 gTTTTTTITI TR A %
ho (A > 300 nm) - 5 O :

catalyst (10 mol%) : E

A > /k : :
-60 °C, toluene H 0 MeO OMe :

” O no catalyst: 21% yield ) l photosensitizer :
1% yield e !

single diastereomer

B H-bonding holds the substrate near the sensitizer, promoting the key SET in a chiral environment

(o

N

( )

Me G\l
ho (4 > 300 nm) Me =

catalyst (5 mol%) W
>
-60 °C, toluene ” o) Me
64% yield, 70% ee stereomodel

Bauer, A.; Westkamper, F.; Grimme, S.; Bach, T. Nature 2005, 436, 1139.
Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization: Reaction Design

B The concept of hydrogen-bonding chiral recognition could be used to selectively sensitize allenes

.............................................

t-Bu Me Substrate recognition

H : :

> H S« t-Bu : element :

E N E

o o - oI
H H Me

catalyst photosensitizer,
[ substrate enantiomers ) ' steric blocking element

............................................

Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization: Reaction Design

B The concept of hydrogen-bonding chiral recognition could be used to selectively sensitize allenes

.............................................

t—Bu Me Substrate recognition :
t-Bu . element '
E N E
; oI
Me
catalyst photosensitizer, ]
[ substrate enantiomers ) ' steric blocking element
Me Me
SBu tBu H
intramolecular H Saa t-Bu
energy transfer
~N- H"'O d = 363 pm > — +
N~ "0 N™ ~0 N~ ~0
P H H H
triplet diradical

racemic mixture
substrate-catalyst complex

Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization: Reaction Design

B The concept of hydrogen-bonding chiral recognition could be used to selectively sensitize allenes

.............................................

t-Bu Me Substrate recognition

H : :

> H S« t-Bu : element :

E N E

o o - oI
H H Me

catalyst photosensitizer,
[ substrate enantiomers J ' steric blocking element
,
H
., - Me . ..
”ﬁ inefficient energy J-Bu
Me .0 Me" 'S transfer H
-Hu- . \/
Me ~N-H _N repulsive K>
O-+7-H interaction N o
d=510 pm H
Me triplet diradical
substrate-catalyst complex inaccessible

Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization: Reaction Design and Implementation

B The concept of hydrogen-bonding chiral recognition could be used to selectively sensitize allenes

<

od

N O
H

|

racemic mixture

[-Bu
H

.

H
N @]
H

preferred enantiomer

/

|

not reactive

............................................

Me
Me 0
N
N XY
Me
catalyst photosensitizer,

steric blocking element

............................................

Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization: Reaction Design and Implementation

B The concept of hydrogen-bonding chiral recognition could be used to selectively sensitize allenes

( N
[-Bu H
= H Sa t-Bu
N o)
N No
preferred enantiomer
& J

racemic mixture

not reactive

............................................

' Me Substrate recognition
' element

+ Me NH o .
5 N ey

: e T . Z 7

Me

catalyst photosensitizer,

steric blocking element

............................................

B Irradiating either enantiomer with catalyst results in rapid formation of the preferred enantiomer:

t-Bu
H A =420 nm
catalyst (2 mol%)
>
N O MeCN (10 mM), 4 h N
H T=25°C H

racemic mixture

H-bonding is critical for
high enantioselectivity
solvent = MeOH, 10% ee

89% yield, 96% ee

Bach, T.; et al. Nature 2018, 564, 240.



Allene Deracemization: Substrate Scope

B The concept of hydrogen-bonding chiral recognition could be used to selectively sensitize allenes

............................................

Me :
R H : ;
H A =420 nm 5« R :+ Me 0 !
catalyst (2 mol%) 5 % :
> E 0 O S O E
N* "0 MeCN (10 mM), 4 h N™ O ' Me '
H T=25°C H : :
racemic mixture enantioenriched ; catalyst photosensitizer, :
: steric blocking element
Me
H H H H
Sa t-Bu Sa Et >a N-Pr > Me
N @] N @] N @] N @]
H H H H
89% yield, 96% ee quant., 93% ee 84% yield, 92% ee 98% yield, 91% ee
e A
H H r=-40°C H H COOMe
> S -Pr Sa Me >
Ph
N @] N @] N @]
H H H N O
52% yield, 89% ee 78% yield, 95% ee 56% yield, 90% ee quant., 95% ee
. J

Bach, T.; et al. Nature 2018, 564, 240.



Deracemization of Ureas via Excited-State Electron Transfer

B Knowles observed unexpected product enantioenrichment under PCET hydroamination conditions

o, 4,

N
H

PCET

Ir (2 mol%), CPA (10 mol%),
(10 mol%)

B 1®

0 § N
)J\ : '/,/ I \\ @

'I'I'I'I

M
>
THF, blue LEDs, 25 °C Me

Me
after 4 h: 98% yield, 50:50 er

[Ir(dF(CF3)ppy)2(bpy)]PF6 (Ir)
((after 16 h: 99% yield, 53:47 er

Ar

e o

o’P\o@ NBuy,

radical cyclization T

then 5 OO
! Ar

Chiral phosphate

Miller, D. C.; Choi, G. J.; Orbe, H. S.; Knowles, R. R. J. Am. Chem. Soc. 2015, 137, 13492.
Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas via Excited-State Electron Transfer

B Knowles observed unexpected product enantioenrichment under PCET hydroamination conditions

Ir (2 mol%), CPA (10 mol%),
(10 mol%)

i 0
Me\NJ\N
H

| THF, blue LEDs, 25 °C

e‘Nj\N/Q
o

Me
after 4 h: 98% yield, 50:50 er

((after 16 h: 99% yield, 53:47 er

radical cyclization

Me Me
o)
Me\NJ\N
PCET E]\.
B Me Me |
o Ir (2 mol%) o)
CPA (10 mol%) )L
Me < -Ph
N" N (10 mol%) Me~N" “N-Ph
B 9
®  THF, blue LEDs Me
Me 25°C, 16 h Me .
racemic 99% vyield, 60:40 er :

Miller, D. C.; Choi, G. J.; Orbe, H. S.; Knowles, R. R. J. Am. Chem. Soc. 2015, 137, 13492.
Knowles, R. R.; et al. Science 2019, 366, 364.

[ 1®
F 7 I
\T
'/, \» @
i AN PFe

[|r(dF(CFg)ppy)z(bpy)]PFe (Ir)

L
99

Ar

O\ ’/O @
o F’\O@ NBuy,

then
Ar
Chiral phosphate
i Ir (2 mol%) o
Me <\~ Nn-Ph achiral phosphate (10 mol%) Me‘NJ\N’Ph
(10 mol%)
Me -
Me THF, blue LEDs M
25°C,31h
>99:1 er 99% vyield, 50:50 er



Deracemization of Ureas: Design Strategy

B The potential for a deracemization approach was then recognized:

)O]\ Ir (2 mol%) O
CPA (10 mol%) J
Me ~ -Ph
N~ N (10 mol%) Me~N~n-Ph
>
\_&Me THF, blue LEDs \_&Me
Me 25°C, 16 h Me
racemic 99% vyield, 60:40 er

Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas: Design Strategy

B The potential for a deracemization approach was then recognized:

)OL Ir (2 mol%) 0
CPA °
Me~p” “y-Ph (10 mol%) )~ N .
(10 mol%) N N
B 1
®  THF, blue LEDs Me
Me 25°C, 16 h Me
racemic 99% vyield, 60:40 er
4 N\
(o) O
X . ) ;
Me\N N’Ph Me\N N’Ph CPA _ _ M )j\
e~ -Ph
\/ . -y \ 0 N7 N
ZiPr Ir cat Pt H fast M )]\ oh HAT \_[”
\ / - ®>N" °N- ’i-Pr
0 - H* o >
~ - ~ F .-'r
Me N N Ph Me N)LN’Ph __________ Me Me~NJ\N,Ph
k ‘_<¢ ) slow
i-Pr H i-Pr k
i-Pr
preferential racemization enantioselective )
of indicated enantiomer proton transfer racemic

Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas: Design Strategy

B The potential for enantioselective HAT to regenerate the substrate was also recognized :

4 )

O
Me~ )l\ -Ph
N N
—

_e_
“i-Pr Ir cat
§ y,
hi§
+e~
Me\N N,Ph
i-Pr

preferential racemization
of indicated enantiomer

Ir (2 mol%)

PhSH (10 mol%)
Be :
© THF, blue LEDs

Me

I ;
0,
Mo~y 2y -Ph CPA (10 mol%) Me\N)LN’Ph

Y
Me

25°C, 16 h
racemic 99% vyield, 60:40 er
@] e
+
Me~n7 SN-Ph CPA _ _
: \ O
ipr H fast HAT
Me‘NJ\N’Ph RSH
o H* . —_— )
Me
Me { )l\+. CPA_,.-V
NTON-PR e i Me | I\/Ie\N)J\N,Ph
g slow \ :
H P potential for i-Pr
enantioselective enantioselective

proton transfer

HAT w/chiral thiol

Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas: Design Strategy

B Knowles observed unexpected product enantioenrichment under PCET hydroamination conditions

)O]\ Ir (2 mol%) O
CPA (10 mol%) J
Me ~ -Ph
N N PhSH (10 mol%) Me~N" “N-Ph
Be 1
®  THF, blue LEDs Me
Me 25°C, 16 h Me
racemic 99% vyield, 60:40 er
reagent k E RSH kpr

non-selective recycling \ selective recycling

Y
@ ®&‘KM€\NJ’L |

\ _ Ph
[cat] CPA, Ir N
¥ kinetic resolution * hv \_Q

S S i-Pr

________ a—-amino radical
\. J

reagent Ky T RSH kps ‘

Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas: Catalyst Evaluation

B Use of a chiral phosphate and chiral thiol together gave the highest selectivity

O Ir (2 mol%) O
Me‘NJ\N O phosphate (10 mol%) Me‘NJ\N O
M (10 mol%)
N-Me > N-Me
Me H Me H
Me THF, blue LEDs

racemic 25°C, 16 h Me
entry phosphate thiol additives yield (%) er
1 CPA - 84 79:21
2 CPA MS 92 86:14

chiral phosphate

0
)4
oo @ el
\ /, (0)
o P 0 NBu4 O HN
NHBoc
R O

Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas: Catalyst Evaluation

B Use of a chiral phosphate and chiral thiol together gave the highest selectivity

O Ir (2 mol%) O
Me - )]\ O phosphate (10 mol%) 1o )]\ O
NN (10 mol%) NN
-Me ° M
N N-Me
Me H Me H
Me Me

e ]
THF, blue LEDs

racemic 25°C, 16 h
entry phosphate thiol additives yield (%) er
1 CPA - 84 79:21
2 CPA MS 92 86:14
3 NBu,* (PhO),P(0)O" MS 95 79:21
4 CPA MS 95 93:7
5 CPA MS, 25 mol% tol 96 96:4

<+ Uy ¥y

\ 2
O/P\O@ NBU4 R = “ ¢O HN
OO NHBoc
R chiral phosphate 0

Knowles, R. R.; et al. Science 2019, 366, 364.



Deracemization of Ureas: Catalyst Evaluation

B Use of a chiral phosphate and chiral thiol together gave the highest selectivity

O Ir (2 mol%) O
Me - )]\ O phosphate (10 mol%) 1o )]\ O
NN (10 mol%) NN
-Me ° M
N N-Me
Me H Me H
Me Me

e ]
THF, blue LEDs

racemic 25°C,16h
entry phosphate thiol additives yield (%) er
1 CPA - 84 79:21
2 CPA MS 92 86:14
3 NBu," (PhO),P(0)O" MS 95 79:21
4 CPA MS 95 93:7
5 CPA MS, 25 mol% tol 96 96:4
6 CPA MS, 25 mol% tol 96 53:47
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Deracemization of Ureas: Stereoinversion

B This system was also capable of performing selective stereoinversion:

O Ir (2 mol%) O

Me‘NJ\N O phosphate (10 mol%) Me‘NJ\N
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-Me ( M
N > N- Ve
Me H Me H
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Me Me

racemic 25°C, 16 h
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25°C, 4 h 'V'e
(S)-enantiomer (R)-enantiomer

99% yield, 96:4 er
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O NHBoc
R chiral phosphate 0

Knowles, R. R.; et al. Science 2019, 366, 364.
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Conclusion

B Deracemization has recently seen increased activity as a field of asymmetric catalysis
M Light is a particularly promising energy source to drive selective formation of a single enantiomer
B Considerable limitations remain with regards to substrate scope and synthetic utility

B However, further study of system and catalyst design may result in more practical systems:
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