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stereogenic carbon centers

CF3 CF3
; At 21 0
/u\ \ N 2
F€ NN \"/\H N CFs R? A A
OH (o) | | E | B
Chlral axis chlral plane c M,I I'II,,M“\\‘\
R Rd/l gy T——p  p” | “B D™ | ¢
MezN
9® 99 R ¢ -
o 0 =
N < Pth =N F'e carbon-center tetrahedral octahedral
o TOH PPh, Ph—_!{_—-Ph metal center metal center
98 90 P
R Ph
Fontecave (2003) Fontecave (2007) Gladysz (2008) Meggers (2013)
— BArF
| S —1(NO3)3 — (BArF); o ’
p/
XY N s (OH)
| A, l \q“ e H,M2N O NS
”"Ru“““\ N2 'I,Ru ENI’I" | ‘\‘\\NHZ ”"1 l ‘\‘\\ N S

o
NH
U o H HZ[L\) 2 O |\NN// o

Ny N N,«
l x 14 H,0 C Nk
Z o H 3
Transfer hydrogenation Michael addition O OH

Oxidation of sulfides
2 mol% cat. 18% ee 0.5 mol% cat. 26% ee 9 mol% cat. 33% ee

Acc. Chem. Res. 2017, 50, 320-330 Transfer hydrogenation
Angew. Chem. Int. Ed. 2013, 52, 14021-14025 0.1 mol% cat. 94% ee
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(D) F ¥4 HRIET o FHIREMER £ 7+ Q) R AREEA: AT b — AN FAIRE A Z & AL
solubility o (F1IMI precipitate ()-M], (+)X  50%
(-)-IM] in solution M] +)X heat
(L] : resolution light
racemic racemic pH changes

—— (+)-[M], (+)-X 50%

lv

(+)-IM, Y 100%

preparative chiral HPLC

> (ﬂ{M]| (-IM]

(3) e Af Bt FbE Ak F M BUARE F N

(S) (+)-[M]

N__/ N
racmic 0/,,,’ |\|/| \‘\‘\\C
x\ji/ | e
iPr NJ

(-)-IM]




AN -1 2 BL B4 6 X,

7\ XI:L
—C, \N ‘Bu N T’\

2.0 eq.

IrCly'3H,0
EtO(CH,),0H/H,0

| |
(3:1 ;,zzzﬂux \N N_J

rac

ipr

49%

~1(PFe))
x( o

NH,PFg, MeCN
50 °C,16 h

100%
>99% ee

A-IrO (X=0) A-IrS (X=S)

x e
N/)\©

Me\\\N | X
NH4PFg, MeCN ny,, |
50 °C, 16 h 1
99% N
>99% ee Me” N

A-IrO (X=0) A-IrS (X=S)

J. Am. Chem. Soc. 2014, 136, 2990-2993

J. Am. Chem. Soc. 2017, 139, 4322-4325
J. Am. Chem. Soc. 2019, 141, 4569-4572
Chem. Commun. 2020, 56, 7714-7717
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Meggers(2018)

llo
=

24 examples
up to 99% yield
up to 99% ee

Meggers(2021)

(o]
©/\)‘\A(OM9 . @

Adv. Synth. Catal. 2018, 360, 2093-2100

Org. Chem. Front. 2018, 5, 166-170

Chem. Eur. J. 2021, 27, 8557-8563

A-IrS (1.0 mol%)

< HCOONH, (9 equiv,)

A-IrS (2.0 mol%)

THF/H,0 (1:1)

(10 mol%

R

HFIP (1.0 equiv.)
DCE, 40 °C

H, (50 bar)

llle]}
X

Me

A-Fe (5 mol%)

A-IFS (0.1 mol%)

THF, rt
/(_g dmp (20 mol%)

DCM (0.2 M), rt

©/\Me

100% yield
96% ee

L

H (0]

WNF OMe
O

25 examples
40-99% yield
65-98% ee




N R T b2 B Pt

C - @
28 [ ) /e 1
S N N ' '
N S — N ! photoactive species '
| NP . | wllabile ligand | gl (induce SET) :
o stable ligand | ———— 3 M - “M ‘3 ; _ & _ _ :
odRWr | bt igane N 5] it cycle intermedite
N N ' !
/N H' IN’«CF - /N e !
Lo RO e
OH

easy
NN M =1Ir or Rh
d tizat
Ao erivatizatio X=0orS

hv
~1*PFq h : . :
otochemistry & asymmetric catalysis
N a- and p- alkylation
Me S
Chiral center » \N// . a- and B- amination
Catalytic center { _.....7 R labile radical conjugate addition

~ ligand

Photoredox center (:q
/7R X
easy _ )
M = Ir or Rh M = Ir or Rh
X=0or$S X=0or$S

[2+2] photocycloaddition
[3+2] photocycloaddition
dearomatization
deracemization

ooooooan
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MacMillan (2008) fluorescent light (15 W)
o 20 mol% organocatalyst
0.5 mol% Ru(b Cl
HJl\l + Br  FG o Ru(bpy)sCl; - HJLQ\FG
R 2,6-lutidine, DMF R
[o]

3°C 12 examples
up to 93% yield
Q Me up to 99% ee

i I“

AN
R \\/' I) §-Fo
e)—- ) ‘s, t
Photoredox
catalysis

M
‘9‘ DS
)— e N)""‘Bu
Me ) "/ JQ|/\
R
Asymmetric
catalysis

Photoredox
catalysis
Asymmetric
catalysis

FG H
SET

;Ullt

Ru" *

10

Ru'

Br/\FG
R ()
&FG Ru

Science 2008, 322, 77-80
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: —*PFg
5 x
' N

Meggers (2014) N //Me
“,, l N z Chiral center

o} CN A-IrS (2 mol%) o CN ||“< """" » 4 Catalytic center
N\\(U\/Ph + Br Na,HPO, (1.1 eq.L | Photoredox center
<\’N visible light
\ NO,  40°C :

: 11
2 h, 98% yield, 96% ee 2 h, 99% yield, 98% ee 2 h, 99% yield, 97% ee 2 h, 87% yield, 97% ee



o) CN
A-IrS (2 mol%)

visible light
N NO, under air

2a

A-IrS (2 mol%)

AN
1a
0]
(2) N\j/U\/Ph + Br — . > N\
<\’ visible light <\’
N N\

Ph

N\ NO,

1 94 = (25eq)
Ph

No product

6% yield

OMe CN

NO,
57% yield

. ] CN o
A-IrS (2 mol /o)> N N\j/u\(O\N
I visible light o * <\’N Bh
\ NO, @ NO, h

1a 2a

>LN)< (2.5 eq.)

( 4) 100_#‘9!’:1‘ dark { light | dark | light | dark | light -

Conversion (%)
= [2:] @
o (=] (=]

1 1 1

av]
o
1

0 15 30 45 60 75 90 105 120
t (min})

87% yield

92% yield

Nature 2014, 515,100-103
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llrl\

baseH+ &V/K/ &EWG _
Br
base enolate !
Ir \
o llrl\ , l
N asymmetric
<\: A—ll'S <’ catalysis cycle <’
N\
Br™  E

cycle

III
product llrl\ - -
photoredox
substrate

hv
VTR & ik
complex | absorbance  emission (E%) E4(PS*/PS) E42(PS*/PS*)
A-IrS 425 nm 560 nm (2.21 eV) >+1.5V >-0.71V

enolate Il 440 nm 550 nm (2.25 eV) +051V -1.74V
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o :
! N
NYU\/R ANAT AIr0 2 mol%) N Ar ="
<\: + TMST N <\: N “u, | wNZ Chiral center
N‘Ph Ar DCM, rt N, R Ar : r< -------- » { Catalytic center
12WCFL § # Ph ; | NS Photoredox center
. : S
1 2 ar 12 examples : _N Me
61-92% yield .
90-98% ee ; X
i A-IrO (X=0) A-IrS (X=S)
l/lrl\o
\ N,
Ph + Ar Ar
enolate Il H2C=N\ e HZC—N\
Ar' Ar'
+
(0} Ilrl\o
N\')l\,R I asymmetric lo] o Ar
< ArO N R - -N
<\’N o <\j/l\/ catalysis cycle HC—N, .
*Ph N, Ar
Ph
I +
+ - TMS
llrl\o |O| ne-
o N/ ! f
o+
Nﬁ/u\‘/\N,Ar Wrﬂ'” T™MS” “NAr,
N ]
<\,N\ R I-l\r' “Ph R Ar I photoredox
Ph cycle
substrate ] o~
TMS” “NAr,
n*
a 14

Chem. Eur. J. 2015, 21, 7355 — 7359
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N ALIFS (3 mol HO_ (CF; Ar : N Me
S;TCFy h o Mesy A IrS {3 mol%) » Ns Noooo ‘ l NZ
\ <\’ Ar . I'I'l \\“\
L] I\

N, Ar CHCl3, rt

N . r
Ph CFL or blue LED *Ph : |\N -
1 2 14 examples _N \\Me
57-97% yield :
A 919%%ee ; X
+ :
|/lr|\ o | vall\Ar. { A-IrO (X=0) A-IrS (X=S)
|
N
e .
N +eo
N "Ph RMNsar
/ 2 il
Ir _ .
el ]9 AN PR AR B A R
0 / ~o N > 4k
N A-rs. N <\: CF3 % & SET
X CF, A SUSEN
W T R N > AP AR
& P > A AL
product +
Ie |hr er
substrate \/HO, CF, Ar ~OH R\8’N\Ar'
N\W)\/N‘ Ne AT X
9 LG G ~
N \ N,

Pr Ph Angew. Chem. Int. Ed. 2016, 55, 685 688
coupling 4
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“1*PFg
()
Me ~
0\\3,,0 | . Me N
N

Y /N\
/@: 0" “CO,Me N, | o
I,,I ‘\\\
0 ‘M-
O,N NO, S thl\
N Ph ~RhO (2 mol%) N |
A &
R

blue LEDs

I\Ille
baseH" [
2,6-lutidine, rt @ ase N\COZMe
12 examples ! \°Tol
up to 99% yield 3 b enolate Il
up to 98% ee A-RhO (M =Rh, X =0) ase

A-IrO (M =1r, X = O)

AUS(M=1r X=§) th]\ l}ah]\o Me
entry catalyst _R t(h) yield (%) ee (%) | asymmetric N\ | |
1 A-IrO (2.0) 'Pr 12 0 N.D. A-RhO N\KK/R catalysis cycle \\ N _
2 AIrS (2.0)  Pr 12 0 N.D. <\,N\ ‘oo - ODN
3 A-RhO (2.0) iPr 12 44 80 | Tl i
4 A-RhO (2.0)  Ph 2 93 89 Iy
5 A-RhO (2.0)  °Tol 2 96 97 product th'\o Me SET Me

—1*PFg —1*PFg \
N
N/ N \\(U\/ Ph substrate \\ N, il cycle
Me <\’ °To| n
N
\\ N ", |\|,| ‘\‘\\\ N\Ph Ph—'N//\,“l "'/, | o \/

AT hv
/ | 2,6-lutidine P 0/ |

w”

17
@ O Chem. Eur. J. 2016, 22, 9102-9105



o, B- R 4a e B AL

ok v B35 AL KA

Meggers (2016)

o]
\_N_
Ph

activated by Rh

(2)
o

N\
R

N Z -
<\j)j\/\Ph + Bn—BF; K"

A-RhS (4 mol%)
sensitizer (2 mol%)
blue LED (24 W)
acetone/H,0 (4:1)
5-48 h, rt

dk*

Bn—BF; K*

(o)
N

sensitizer (2 mol%)
blue LED (24 W)

acetone/H,0 (1:1)

(0] Bn
\ N,
R

[KRh : Kbackground > 3 X 104]

6 h, rt
no Rh: 29% yield, 0% ee
4 mol% Rh: 73% yield, 96% ee

_N
Gl e G104
Q sensitizer

sensitizer (2 mol%) O Bn o
blue LED (24 W) NN
> < N Me +

not activated by Rh 3a 3a’
no Rh: 3a:3a'=0.4
4 mol% Rh: 3a:3a' > 550:1

18
J. Am. Chem. Soc. 2016, 138, 6936-6939
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BF3K
+
® e
photoredox WR.
cycle R2 \ N,

@ [RHI< ,'7“,\0 R2

0] / (o)
N _ asymmetric NW .
<\j/u\/\ R' A-RhS NW\R- catalysis cycle <\’N R
N, -2 x MeCN <\,N R
R R

O*/L I3
N
substrate <,

19
J. Am. Chem. Soc. 2016, 138, 6936-6939
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up to 98% yield
up to 99% ee

T1*PFg
@ )~o
RhO (5 mol%) /[cj)\ : i O\
A- 5 mol% ' N
Ph\ [ -+
Q JOL PC (2 mol%) o “N” o7 Me\\\N | o. O N("Bu),
N / o, < : 1, ‘\‘\\\ ~
\j/u\/\Ph + Ph\N o~ Base (20 mol%) - N\j)J\/\Ph : , |, o \\o
\ _N H blue LEDs <\’N : N |
'Ph DCM, 22-25 °C *Ph : =z
21 examples : Me N\ Base

(@ —1*PFg
Et0,C CO,Et °

HE /”\ Me
SOAr  Et” N Et( ) 0 < “EWG N
R

N< 4
Yy NJI\/\R + ; H > N. /U\/\ J]\/\
CFL (21 W) — —

N \
’ | \
t,, | W

N |
=
1a dioxane, rt = Me// N
17 examples 17 examples =
up to 85% yield up to 92% yield : (tgyl O 0
up to 97% ee up to 89% ee

1a: Epr¢(-2.59 V vs. Fc/Fc*)
RhO-1a: E,9(-1.62 V vs. Fc/Fc*)

HE: E(HE™/HE*) (-2.23 V vs. Fc/Fc*)

Chem. Sci., 2017, 8, 5757-5763
Chem. Sci., 2017, 8, 7126-7131

20
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Yoon (2016) |
O o

N OH O
S L L
OH O * N\
P ve  gf (1smor) By ©) S e
Ph * Sc(OTH); (10 mol%) .~ PH €
Me Ru(bpy)s(PFe); (2.5 mol%) 12 examples
'PrOAc: MeCN (3:1) up to 86% yield
23WCFL,20 h up to 98% ee

+ -
Meggers (2017) . S T1TPFg
7

(o) M Ol Ph Me\\ N
N / € A-RhS (2 or 4 mol%) N\j/l “ “\ ! SN, | o
N Ph + > <\’ o Me : III, |
<\¢ blue LEDs N M '
N, Me acetone, rt "Ph ¢ d |
Ph ) ' ~N
24 examples ' P N
(sin le catal st) 66-99% yield ;e S
J y 91-99% ee ; s
entry catalyst condition t (h) yield (%) d.r. ee (%)
1 A-RhS (2.0)  standard 16 99 14:1 99
2 A-RhS (0.5) standard 24 98 12:1 96 PRI fz N2 B9 & M D B E S Rt
3 A-RhS (2.0) air 16 97 14:1 99
4 A-RhS (2.0)  air, 1% H,0 24 96 13:1 99
—-RhS (2. : :
5 A-RhS (2.0)  DMF solvent 16 95 13:1 98 Yoon.: Science 2016, 354, 1391 21
6 A-RhS (2.0) DCM solvent 16 99 14:1 99

Meggers.; J. Am. Chem. Soc. 2017, 139, 9120
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2) Formation of 10, [Rhl~

N\
Ph o
N RhS-1a (formed in-situ) - N

1) UV/Vis absorbance spectra

35 ——RhS ;
o8 — ::,5_13 H acetone (O,-saturated) (l)
228 ' blue LEDs, rt, 60 min :
£20 : TEMP TEMPO
g E N Detected by EPR
10 ' /
05 ' N =
i 5 Me <\j/U\/\ Ph Me
ZéD 3(‘)0 3;0 4(‘]0 4;0 S(I)ﬂ Sé(] : N\Ph
Wavelength (nm) OOO RhS-1a (formed in-situ) - O@O
acetone (O,-saturated)
' Me blue LEDs, rt, 120 min Me
3) Control experiments ' 55% yield
fo) :
0 Me N Nj)l Ph“\ + 4) E/Z diastereomer
N = sensitizer N7 u '
B Ph + > <\’ M Me
<\’N blue LEDs N, M :
‘Ph Me aetone, rt Ph ¢ O Me
: Me , 0 Ph M
sensitizer results ; N\j/u“/kph + A-RhS (4 mol%) I«,,,
U blue LEDs \&
Benzil (40 mol%) 68% yield, 5:1 dr ; N Me aetone, rt
Ir(ppy),(dtbbpy)(PFs) (2.0 mol%) 60% yield, 5:1 dr E
Ir(dFCF ;ppy),(bpy)(PFe) (2.0 mol%) 65% yield, 5:1 dr ' (E): 95% yield, 99% ee

(2): 94% yield, 99% ee 22
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_ <. m =— intersystem crossing
|Rh|\
hv <’ \
excited S1 -state *
|Rh|~ Rig g
1 / (@) R1 j/U\/k
A-RhS . Ar
SRl S T
\ . \ N, Ph
Ph Ph L 3 -
1 excited T;-state

product R3
}\ R2

substrate |Rh|\ |Rh|\

/ IA" 51
N\j/l ‘,, é\ j/llll d‘\
<\,N ;'ZR3 \

Ph
5 ISC

J. Am. Chem. Soc. 2017, 139, 9120-9123
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ulm

1) A-RhS (2-4 mol%) H

N * :

X N \—ph SR blue LEDs, DCM, rt £ ' :
‘""Ar ‘

S \§7' AT 2) LiCl, Et;N, MeOH :
o :

H

g ‘co,Me

76% yield, 98% ee, 20:1 r.r.

80% yield, 98% ee, 13.0:1 r.r.

Me

MeO

OMe OMe
88% yield, 99% ee, >20:1 r.r. 86% yield, 99% ee, >20:1 r.r. 93% yield, 99% ee, >20:1 r.r.

@ . /S —1*PFg

Angew. Chem. Int. Ed. 2018, 57, 6242-6246

24
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hv

1Rn|

o_
o -N

N

excited Singlet-state

1Rn|

O_
substrate @_« !
—_— ;
A-RhS O N-N

product ‘)\

substrate

\

-
-

5«»

Phj
e 2 —

©

et
el

3 e

Triplet-state

P

{
-N (0] N—N
4

h
!
e

ZR2

Triplet-state
= intersystem crossing
[0} 1) resonance
resonance @E%_/( (carbonyl)
(benzyl) N—N stable O N-N 2) resonance
) F,h(oxygen lone pair)

%
T
[}
o0 N-N

3'-TS

A O-Rh|
A AG (kcalimol) W ;
O N-N

Ph

excitation

>, 5 (-29.34)
-30.86
O-Rh| S P(h )
o< s
1 1
- 0 N-N !

o
e

(-48.61)

N—N
5 vPh

25
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1 tric cat ? 9
2 asymmetric cat. )
MR photoredox ® _ \N\\'/lH/R o N\\I/IH/RZ
N, - N, [C <\,
R [C] or [N] R [C] N‘R1 [N]
R ROC, ~ ON EREEECEREEEEEEEEE
Rewg—Br/I R,,,NvSiMes ,N—O\ Rewe \?Nz
R S NO,

excess base excess oxidant low atom

N —1*PFq
. . (B )~o
required required economy | - .o.RLTTIOUUTT :
Z

Rewe N2 REWG\N',NZ \\\N/,,, I o
o A-RhS (4 mol%) 0 A-RhS (4 mol%) 0 : /'R
N Ph _ Ru(bpy)y(PFe); (1.5 mol%) N\\')j\/Ph Ru(bpy)s(PFe)y (1.5 mol%)  Ne Ph | N |
<\,N Na;HPO, (20 mol%) <\/N\ Na,HPO, (20 mol%) <\,N HN- i Me Ns
Yoo Rewe 21 W CFL, rt °Tol 21 W CFL, rt Yoo Rewe :

99% yield, 97% ee

o}
N ~~Phe N Ph Ny Ph Ny Ph
= F H N <’ H
N_HN \ N_ HN CFs \ N_ HN \ N_ HN
Ph °Tol °Tol °Tol
F F CN CF,
F CF, CN CN 26

82% yield, 98% ee 59% yield, 98% ee 89% yield, 99% ee 74% yield, 96% ee J. Am. Chem. Soc. 2016, 138, 12636-12642
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(0]
N Ph
(1) <\:N + CgFsN; or EtOZCVNz

N
°Tol

(0]
N Ph
(2) <\j)1\/ + C6F5N3
N\

°Tol

0
N Ph
3) <\j/u\/ + Et0,C _N;
N\

°Tol
HEBR R = [EA

OTMS

rac-RhS (4 mol%)
Ru(bpy);(PFg), (1.5 mol% N

OTMS
Ph (5.0 eq.)

rac-RhS (4 mol%)
Ru(bpy)s(PFg)2 (1.5 mol%)

Na,HPO, (20 mol%)
21 W CFL, rt

TEMPO (3.0 eq.)
rac-RhS (4 mol%)
Ru(bpy);(PFg); (1.5 mol%

Na,HPO, (20 mol%)
21 W CFL, rt

Na,HPO, (20 mol%)
21 WCFL, rt

Rh-enolate (4 mol%)

+ Et0,C N2 Ru(bpy);(PF¢), (1.5 moI%L

21 WCFL, rt

i Ph 2
W NS eR Y
N
\°To| CO,Et Tol Tol
F
F
0% yield 0% yield quant. yield
o)
\N\ _Ph 0
2 F
“oTol * <\: * H/\fr
F N, Ph O (o)
F °Tol
. F
<5% yield 42% yield 22% yield

0
Et0,C.__O.
+ MO‘N + NN

N. Ph
°Tol
13% yield 84% yield 6% yield
9 mso OF
©)‘\/\002Et +
68% yield 0% yield 27

radical trap product

carbene trap product
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SIEMAER S IR N R B)

0 CeFsN; o)
N\W/U\/Ph ) 2a Ru(bpy)s(PFé)z (1.5 mol%) N\j/u\rph IRA
<\’N or conditions <\,N R / (0)
~ EtO,C.__N2 N
°Tol N~ 21 W CFL, rt °Tol + N X _R
1 3a R=NHCFs  (4) baseH <\:N
R= CHchZEt (5) \R
e |
reagent conditions products N {}*\/ base
2a RhS + Na,HPO, 4, 79% AT +
el A~ [RAN
2a Rh-enolate 4, 74% . "\/\ -ﬁf L ) (0]
-~ - /"- -
3a RhS + Na,HPO, 5, 99% L P AS NS LR c:tsa{;rige;;gle
3a Rh-enolate 5 99% m;nolm substrate <\/N
EPRE FRE IR : 1 R
/
9 rac-RhS (4 mol%) 7@} DMPO o .
n A e w e XK
\j)j\/ . EtOZCsz Ru(bpy);(PFg), (1.5 moI/oL (o) - N OFt product I/Rh]\o
\_N Na,HPO, (20 mol%) g N, R
NoTol 21 W CFL, 60 min © ] cubstrate G
1 3a — Epormens \ N, HX photoredox
0} . IR R "EWG cycle 2+
: : v + Y [Ru]

o
1

R
A

28

EPR signal {x 10° a.u.)

-]

B

T T T T 1
3260 3280 3300 3320 3340
Magnetic field (G)




2 I re X 0H a4l
o Ml R °
E)J\/ R ML, )\/R _RYorR” .,TZ)S/R .. deracemization E/U\RrR
R’ '

RGBT R F IR EE S SLI KIHREL

enantioselective
protonation

[M]\ [M]\o o
1)5/ m)\{ @ *XER/'R %* z)J\R(R

racemic ketone chiral enolate enantioenriched
ketone

deprotonation

Challenge: reversibility
solution

two-step redox process (deprotonation)

Q- O-C £
~ JCL
: R
o (Nj o) C( | \N\\
||3h (3.0 eq.) 1 36 examples . N_N Me

S N R"  up to 98% yield
R k8 A-Rh cat. (4-8 mol%)_ R P up to 97% ee \ (tBy)
Z acetone, blue LEDs R2

/)

29
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1, MARIREESEIE

'}l (3.0 eq.)
| A-Rh cat (4 mol%)
J D Me MeCN, 12 h
blue LEDs
rac-1d (R)-1d
(97% D) (40% D)

96% yield, 95% ee
3. MR RABETIHBRE MR TFIR

D D
I D (3.0 eq.) o
N Ph
| A-Rh cat (4 mol%) > | AN
acetone-dg, 24 h = Me
blue LEDs
rac-1 (R)- 1
(0% D)
SLs [ L o, i I , 0,
5. HE{E AR E IR 96% yield, 96% ee

tBuOZCJ\/j;CoztBu
(3.0 eq.) OH

N Ph
| A-Rh cat (4 mol%) - | N
acetone, 24 h y Me
blue LEDs
rac- 1 94% yield

v BIELR A Mz e E){

o) N (3.0 eq.)
Ph
N Ph
| \ A-Rh cat. (4 mol%) |
2 Me acetone, 30 h
blue LEDs
rac-1 D,O (1.0 eq.)

85% yield, 82% ee

4. ZEXKEHREEHEERETRRTHES

(o]
N Ph

N

S Me

rac-1

(R)-

1d

(30% D)

Ph
(0]
Ph/N‘Ph (3.0 eq.) \
A—Rh cat. (4 mol%) - |
acetone, 24 h P
blue LEDs
(R)-1

Ph

Me

93% yield, 85% ee

5. ERFUAMAXFREFUT LT

[Rf1]+\0

I
N Ph

N

cat/sub complex |

= Me

DBU

[RhiNg

N Ph

—_— YN

DCM

enolate complex Il

S Me

1)
+ cl-

N
s~ (5.0 eq.)
Ph™ H 3

2)

bpy

(S)-1
96% yield, 50% ee
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Fobve X4 s L g

(o) (o)
1 1
| N\ R | N\ R
P4 R2 S RZ
- i racemic
non-racemic [Rh]* \
[RhK
RhRK (0]
[I ]\O ,!l o
N R' AN
| AN X, | P
y/ H R R2
1
single diastereomer (R)/(S)- "I
stereoselective mixture of diastereomers
N +
I|°h H™ transfer
hv
3. H* donor
[RhIN + [RhE
|9 ) ;‘J\Ph 2. HAT acceptor | 9
N R 1
| X H C\ | Ny R
= +
|
HAT SET O
i
Ph

J. Am. Chem. Soc. 2021, 143, 13393-13400

1. electron donor
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P IS b e X 0H 2 ALDFT 3 -

A AG (kcal/mol)

N 59.0
52.2 .

5 P (S)-3Ts1

(S)- v 43.9

- enantioenrichment
(S)-1 O . _...overtime
ol e O i ki
h . ) H Ph ISC ' '
Y N Ph + O N Ph i N Ph:
1 ' '
P

N N | N - N
" 16.4 HPh Ph 2z -
m 29 (S)1 (R)-1
0.0 stereoselective (R)-"l \ J 0.0
(S)-"1 -

H* transfe (8)-'

Pl e e

'N\ N'N\
(S)-1l\ By (S)-3I\ & ()4 Q | (5)*Ts1 T )




Mt

7

5k

4
/ - 2

=

33



— ‘, >
= - —H
=~ é\:? -*‘17 }I% £
IE:" ég?: If}[‘J l\£\\ :

M =Ir Rh or Ru etc

:S

S /4
Z—=—2

2
amy

L

R X

M =Ir or Rh

g

!
1

A-IrO X=0orS$S X=0or$S
5-F W48 ZAR R (44t) SRR R T 5 e
B2 R 6 B A R B R 3 B 435 46 AR LR AEACH]

> MR BRE DA

> BA@ . B SR ER BN

My EC-Cht. C-Nigk. C-X&t
> SiEr. SaTekk BN, Bk
1% 3%

&

BB R A P AR B ARk SR BR A AR A

— 1) &R

R, R TR T &G
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> RBEF S AREEFNINGOERFELEERASYM =4, 4. )R A

. x\ . -_I+PF6'

N Me
v, | WZ
’, M

M = Cror Co etc

> AR e — R AR, B S IR B AT BRI B B

0 o 0
N\\')J\/R N\NJJ\/R > MR
\ or "7,'
&N\R. o

—
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