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G. Anilkumar, et al.Adv. SynthCatal. 2021, 363 12721289.

Oxidant: XO ( PhlO, NaOCI...)

--------------------------------------------

X0
[Mn'"] MnV=0
X
Oxidant: ROOH
n
R-0-O-H Mn —0 0-0 bond
[Mn'] > /ﬂ)\) “Oo-R heterolysis MnV—q
— (0] /
R'COOH \ LM i OC(O)R'
R
l ROH
0-0 bond
heterolysis
———— [ an=0 ]
Mn" R-0-O-H I
n"] ——— = [Mn"]— -
[MnT] [Mn™] O\O—R 0-0 bond
homolysis
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HO H
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HO  OH HO SH ! | | HO H

R u>—<u § 1\H’l§ (-)-SB-204900 Vitamin Bt
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' OH H
: N 0 :
R1\\ l,g ‘ R3 R1\| ”B ' CH3 o) C02Na ,
 — S —_— : :
R'R2 : Cl :
Antidiabetic and antiobesity agent
O : CsHqq E
HO CN l : :
0 ! - = C H 1
R1">_<"'§ )*\J§ E o) ’H O O TS E
R ' o) :
HO OR ' '
H,, ' y-lactone compounds for E
ﬁ;z § : (+)-¢-Clausenamide ferroelectric liquid erystal (FLC) :

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

S. Sasonet al J. Am. Chem. So2003 125, 74137424.
G. Anilkumar, et al.Tetrahedror2016 72, 1-16.
G. Anilkumar, et al.Adv. SynthCatal. 2021, 363 12721289. o)



2.1

t tBu

Bu
NS 2/ $
N N—
\M/
— b TN
N~/ \\_">\:> I
\ 7" off o1 \—= Mn

52-94% yields
18-89% ees
2009

1990
®
2009
Sun group

Mn!!

80-99% yields
2010 32-96% ees
List group 2010

|

Jacobsen-Katsuki Epoxidation

Mn-salen catalyst /M“\
: R aq. NaOCI R R | Bu o'l
\=/ > \‘KJ‘/ t t
CH,ClI, HOH Bu Bu
36-93% yields
20-93% ees
G. Anilkumar, et al.Tetrahedror2016 72, 1-16. 1990

G. Anilkumar, et al.Adv. SynthCatal. 2021, 363 12721289.
M. Costasetal. Angew. Chem. Int. EQ022 61, e202114932.

45-94% yields
60-98% ees
2016

POPs

24-68% yields

2013 43-60% ees

Wang group 2016

2016 2021 2022
Sun group Sun group Costas group

52-94% yields
59-96% ees

' 'Bu 'Bu ' 2021 '
7-87% yields
39-70% ees
2022

67-99% yields
45-99% ees

2013 10



2.1

List group (2010)
Mn complex (5.0 mol%)

R2 PhIO (1.2 equiv) R?
1 > R X
R\/\Rs C¢Heg, RT, 2-12 h \*<c|)\R3

80-99% yields
32-96% ees

(i)

Selected examples

98% yield, 97% ee 83% yield, 96% ee 97% yield, 95% ee

Wang group (2013)

R! Mn complex (1.5 mol%) R
R2 NaOCI (2.0 equiv) O R2
X > Z
R3 CH,Cl,, -20-20 °C, 4-6 h R3

67-99% yields
45-99% ees

Mn complex

B. List, et al. Angew. Chem. Int. EQ01Q 49, 628631.
G. Wang et al.Sci China Chen2013 56, 604611. 11



2.1

Sun group (2016)

N
‘Bu ‘Bu
Mn complex (0.2 mol%) By t
H,0, (1.5 equiv) \ Bu
R' R? H,S0, (1.0 mol%) R'O R3 \N: LS
2:—(4 CH4CN, -20 °C, 2 h 2 \ed N4
R R 3 ) " ’ R R n -
& waw W
45-94% yields —/ TfO  OTf
60-98% ees L Mn complex
entry substrate additive yield% entry oxidant additive yield% ee%
] none NR 1 m-CPBA . 38 37
2 H,S0, 91 2 m-CPBA H,S0, 87 95
3 H;PO, Trace
3 ‘BuOOH - 18 45
4 '‘BUOOH H,SO, 56 97
5 AcOH 8
- 2
6 Na,SO, NR 5 PhIO 5 68
7 NaHSO, 73 6 PhIO H,SO, 78 97

W. Qun, et al.J. Am.

Chem. So2016 138 936943.
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2.1

Heterolytic and homolytic O-O bond cleavage mechanism

H®
> + _|_ L_> _I_
Ph Heteolysis —IIVIInV— Me Me Me Me
Me—I—Me 0 OH
o) © Me.
(I) no H,S0, o Ph ! o
—Mn'"— ” . e e )L
Homolysis —Mn'V— O| Ph” “Me
Isotopically labeled experiments
160H>
1601§0H 16ﬁ H,180 18ﬁ
[ _ > _ 2" .
—Mn'"— —MinV— My
RZ R* R2 :R4
R1160 R3 R11so R3
H * *
RZ R* RZ R4

180 incorporation: 30%

W. Qun, et al.J. Am. Chem. So2016 138 936943.

> 99% vyield

2+

13



2.1

Sun group (2016)

Mn complex (2.0 mol%)

[Ru(bpy);]Cl, (10.0 mol%)
[Co(NH;)5CI]Cl, (8.0 equiv)

CH5COOH (40.0 equiv)

CH3CN/H,0 (viv = 1/24)
hv,20°C, 4 h

Isotopically '80-labeled experiments

=z

Mn complex (2.0 mol%)

> R/*é\o

24-68% yields
43-60% ees

[Ru(bpy)s]Cl; (10.0 mol%) 180
[Co(NH5)sCIICl, (8.0 equiv)
CH3;COOH (40.0 equiv) *
r
CH3CN/H2180 (viv = 1/24)
hv,20°C,4h
Eozf
0.3 4 640 nm g OO
8 l 3 0.1 00000
i = O
‘8- i o 2 40 6 80
g 0.1 4 - | Time, s
0.0 4

T T

T T T T

500 600 700 800 900 1000
Wavelength, nm

W. Sun,et al.J. Am. Chem. So2016 138 1585%15860.

e ™
4
X
N
e
TfO,,,, \ N7
n
| N
TfO N
N
7
NS
L Mn complex )

80 incorporation: 94%

B I I I I I I I I I I I T I

Proposed mechanism

[Co"(NH5)sCIT*

[Ru"{(bpy)s]3*

[Ru(bpy);13*

[Co'(NH3)sCIT*
]2+=«

[Ru"(bpy)s**

[Co"(NH;)sCI1?*

[Co"(NH;)sCI?*

[Ru'(bpy),]***

[Ru'(bpy)3]**

14
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2.2

R1
R23—H
3
IIVIInV R
R' u
R2Y-
R3
Oxidan
u
OH
m |
Mn Mn'v
U
OH rebound
R1
R230OH
R3

M. Costas, et alChem.Commun2018 54,95599570Q
W. Sun, et alChin. J. Org. Chen02Q 40, 36863696. 16



2.2

Costas group (2017) ( 7 TIPS )
g
(R,R)-Mn("PSmcp) (1.0 mol%) \ /N
H,0, (3.5 equiv N1, ~OTF
Acob (35 equiv) o) %NN‘—NIIH\OTf
cOH (17.0 equiv) * 4 N
RN ; > R/ﬂ S
CH,CN, -40 °C, 30 min . |
Z>TIPS
Mn(TIPSmcp)
J
entry R yield%? ratio (3/4) ee% entry R RCOOH yield%? ee%
. o)
1 Bu 53 1.4 44 1 NHCO'Bu )L 20 79
OH
2 CO,H 20 0.9 9 o
2 NHCO'Bu CI\)LOH 86 55
3 NHCOCH;, 74 12 63
o)
4 NHCO'Bu 90 45 76
3 NHCO'Bu OH 80 73
5¢ NHCO'Bu 90 45 ()76
o)
6° NHCO'Bu 90 45 (-)85 4b NHCO'Bu v)kOH 90 90
3GC yield, ©(S,S)-Mn("PSecp) (2.0 mol%), °(S,S)-Mn("PSmcp) (1.0 mol%) aGC yield, °(S,S)-Mn("PSecp) (2.0 mol%), The yield of 4 being in all cases <1%

M. Costas, et aACS Cent. ScR017, 3, 196204. 17



2.2

(S,S)-Mn("PSecp) (2.0 mol%)
fo) H,0, (3.5 equiv)
| >—CO,H (17.0 equiv)
R)Lu/v\\ -

CH;CN, -40 °C, 30 min

8-85% yields
62-96% ees

1P
(S,S)-Mn("PSecp)

J

Selected examples

Iod Rl sl Y

61% yield?, 78% ee 60% yield?, 88% ee 84% yield?, 91% ee 8% yield?, 90% ee
3/4=12 3/4=9 3/4=45 34=4
o o (0] (o]
0 *
A A Al el =
N’ﬂ o N’% FsC” N
H H o)
75% yield?, 91% ee 66% yield?, 65% ee  65% yield?, 65% ee 37% yield?, 62% ee
3/4 =38 3/4=8.2 3/4=2 3/4=0.8

dIsolated yield

M. Costas, et alACS Cent. Sck017 3, 196204.

Enantioselectivity at the OH transfer step Product

R

g~

R

R
R Product from Product from
H\|\.| a face OH transfer b face OH transfer
a face b face
(o] OH
", I I N i, | oN Ny, aN
llll, . n,,, Y I,,l" m
Mn Mn o) 3 M

H H
H \\thu H‘zl-llj\'Bu
Hy, :
fo) H,AT OH
Nlll,,,,""lvll V‘\N N””l: | ‘\N NI/ . ‘\N
n [o) ""MnIV ""Mn"'
o] [o)
N N N
N N
H,AT H
\H
Bu
H
H H o
\H [OX] i H [OX] H
H‘M’Bu H Bu Ho‘w’Bu Bu
OH (0 H H

18



2.2

Sun group (2018)

Mn complex (0.5 mol%) o O\N/

(o) H,0, (5.0 equiv) _
DMBA (14.0 equiv) S —\ ’( Mn
o ’ O A AR N
4 CH,CI,/MeCN (viv =1/1), -30 °C n N TfO O
n=1or2 0
34-94% yields

74-98% ees

Mn complex

Selected examples Stepwise oxidation for the formation of spirocyclic diketone

Mn complex (0.25 mol%)
H,0, (2.5 equiv)
DMBA (7.0 equiv)

. :
; CH,CI,/MeCN (v/v = 4/1), -30 °C
OMe : 40 min
80% yield 34% yield 61% yield E 16% yield, 97% ee 20% yield, 90% ee
94% ee 77% ee 90% ee :
0 0 :
R MeO R R OMe : Mn complex (0.5 mol%)
(XTI (XTI O By O 5 10z (3 sauis)
MeO OMe : DMBA (14.0 equiv)
o o] g CH,CI,/MeCN (viv = 1/1), -30 °C
94% yield 51% yield 70% yield 40 min
0 0 74% ee !
85% ee 92% ee ° : 97% ee 92% yield, 95% ee

W. Sun, et alACS Catal2018 8, 24792487. 19



2.2

KIE experiment

Proposed mechanism

: 0
Mn complex (0.5 mol%) ' (o)
H,0, (5.0 equiv) ' 2+
DMBA (14.0 equiv) ' (L)MnV(O)(CA) [(L)Mn7]
CH,CI,/MeCN (v/v = 2/1), -30 °C : 0 H0, ¢ r CA (CA= Carboxylic Acid)
40 min .
; O. O (L)Mn" —OOH
KHIKD =3.0 ' I
p D CA
: Q
i 180). ; : OH
Isotopically "O-labeled experiments
HOY

Mn complex (0.5 mol%)
H,'60, (5.0 equiv)
DMBA (14.0 equiv)

CH,Cl,/MeCN (v/v =1/1),-30 °C
80,,5h

(o}

(L)Mn'V—OH (L)MnV —o M0 (L)MnV:180
|

: CA
. E 0
< 2% brominated product '

L2

No '80-labeled product

Mn complex (0.5 mol%)
H,0, (5.0 equiv)
DMBA (14.0 equiv)

CH,CI,/MeCN (v/v = 111), 30 °C
CCI;Br,5h

W. Sun, et alACS Catal2018 8, 24792487. 20



2.2

Bach group (2018)

RZ

Mn complex (2.0 mol%)
PhlO (2.0 equiv)

HN R!

(o]

CH,Cl,, 0°C, 16 h

RZ

HN R!

19-68% yields
87-99% ees

Mn complex

Selected examples

MeO
WOH
HN

o

68% yield
99% ee

Bn
wOH
HN

o

56% yield
98% ee

BnO
HN
(o]

56% yield
97% ee

WwOH
HN
o

35% yield
87% ee

MeO
WwOH
HN
o

67% yield
88% ee

cl
WOH
HN
o)

22% yield
94% ee

HN

(o)

48% yield
95% ee

TfO
wOH
HN
o)

19% yield
97% ee

T. Bach et al.Angew.

Chem. Int. E@018 57, 29532957.

NH
CeFs

1) Pd(PPh), (15.0 mol%)
Cul (30 mol%)
THF/NEt;, 25 °C

2) TFA, CH,Cl,, 25 °C

73% yield (2 steps)

Preparation of Mn complex

CeFs

CeFs

CeFs

MnCl,, 2,6-lutidine
CHCI;/MeOH, 50°C

58% yield

21



2.2

Control experiment
MeO MeO MeO : MeO MeO MeO
Mn complex (2.0 mol%) '
OH PhIO (1.0 equiv) o WOH ' .
’ + ' l l
HN CH,CI,, 0°C,16 h HN HN ! HN HN : HN OH
o) 5 0 0 0
52% yield 45% yield, 53% ee 5% yield
s factor = 4.2 (s = kR/kS) R e s
MeO MeO . MeO MeO
Mn complex (2.0 mol%) E H D
PhlIO (2.0 equiv) OH ! H D
o .
o . HN HN -
_N CH,Cl,,0°C,16 h _N C H
o o] : o o]
14% yield, 5% ee ; Kyl Kp = 3.0£0.2
10.0 - :
0.0 T T ] 1 L] 1 T T 1 E
0 30 60 90 120 150 180 210 240 270
t/ min —— :

T. Bach et al. Angew. Chem. Int. EQ018 57, 29532957. 29



2.2

Bach group (2020)

Mn complex (2.0 mol%)

0,
PhIO (2.0 equiv) Mn complex (x mol%)

O PhIO (1.0 equiv) o Xy “OH
CH,CI,, 0°C,4 h CH,CI,,0°C,4 h
N~ SO0 N~ SO0
H H
3.0 equiv 18-64% ylelds
22 3a 4a L Mn complex ) 80-99% ees
30% yield, 95% ee
Selected examples
5 ‘
3.0 equiv 2a: 3a 4a
4 4 1.0 equiv 2a: 3a 4a E
s | :
£ 3 . 60% yield, 96% ee 261% yield, 95% ee 218% yield, 98% ee 260% yield, 98% ee
s | E
b .
S i . .
S 2 : Pr
S ; MeO
g | : Xy “oH Xy "“oH Xy “oH Xy “oH
: ; N“0 N0 N0 N0
0 . H H H H
6 15 30 45 60 b56% yield, 95% ee b48% yield, 80% ee b51% yield, 94% ee b21% yield, 96% ee
time [min] :

ax = 1.5 mol%, °x = 2.0 mol%

T. Bach et al.Chem. Sci202Q 11, 21212129. 23



2.2

T. Bach et al.Chem. Sci202Q 11, 21212129.

/
fo] Hpro-R
HPro S
Al
~Mn<

Mn(TPFPP)CI

OH

rac
27% yield

AN
N
H

rac
20% yield

21% yield

o)

OH

Ph

Mn(TPFPP)CI (2.0 mol%)
PhlO (1.0 equiv)

CH,Cl,, RT, 24 h

Mn(TPFPP)CI (1.5 mol%)
PhlIO (1.0 equiv)

CH,Cl,, 23°C, 24 h

Mn(TPFPP)CI (1.5 mol%)
PhIO (1.0 equiv)

-
CH,Cl,, 23 °C, 24 h

Mn complex (1.5 mol%)
PhlO (1.0 equiv)

CH,Cl,, 0°C,4h

Mn complex (2.0 mol%)
PhlO (1.0 equiv)

CH,Cl,, 0°C, 4 h

Mn complex (2.0 mol%)
PhlO (1.0 equiv)

CH,Cl,, 0°C,4h

57% yield, 93% ee

45% vyield, 84% ee

24



2.2 00

Costas group (2020)

O -
( N TIBS ) proximal (S,5)-Mn("BSpdp) 0
| HO or (S,S)-Mn(pdp) (1.0 mol%) I
un N H202 (10 equiv) %
No., | wOTf o : > /.
TR distaIJ - TfOH (0.1 equiv)
N~ | ~OoTf C-H 3 TFE,RT, 1h L
N
| N Selected examples o .
T/IB ) TIBS (5,5)-Mn(TSpdp) ® =HBA . (S,S)-Mn(pdp)
S,S)-Mn ao) | T T e
| (5:S)-Mn(""pdp) o o o] o]
0, (o) (o) >§
OH OH N o
32% yield, > 99% ee 31% yield, 89% ee 36% yield, 94% ee
4 R
Z
< | (S.S)-Mn(pdp) (S,5)-Mn(pdp)
w N X = Alkyl X = Aryl
N,,,“M| OTf
n
N" | ~~oTf
N
I N
Z
(S,S)-Mn(pdp)

64% yield, 95% ee 95% yield, 96% ee 58% yield, 95% ee 46% yield, > 99% ee

M. Costas, et all. Am. Chem. So202Q 142, 15841593.

25



2.2

Directed vs non-directed Oxidation

o (S,S)-Mn("'BSpdp) (1.0 mol%) o
OH H,0, (1.0 equiv) N
TfOH (0.1 equiv)
y o
TFE,RT, 1h

88% yield, 97% ee

o o}
(S,S)-Mn(T"BSpdp) (1.0 mol%) OCH,
H,0, (1.0 equiv)
AcOH (17.0 equiv)

OCH,

TFE, RT, 1 h OH
76% yield
Isotopically '80-labeled experiments
18
(0] 18

(S,S)-Mn("'BSpdp) (1.0 mol%) 2

8oH H,0, (1.0 equiv) o

TfOH (0.1 equiv) ~
>

TFE,0°C,1h

55% doubly "0 labelled

M. Costas, et all. Am. Chem. So202Q 142, 15841593.

H,'80, (1.0 equiv) 180
o -

(S,S)-Mn(T'Bspdp) (10 mol%) Singly 180 labelled 50%

TfOH (0.1 equiv)

TFE,0°C,1h 0
18\0
H,0, (1.0 equiv) )
H,'80 (10.0 equiv)
Singly "0 labelled < 0.1%
(0] o]
i) Enantioselective
O-Mn-L+ HAT
1] O
i AHO e > o
ool H ii) Stereoretenative
LA rebound

competitive (1:1) rebound
of either the OH or the CA

26



2.2 00

Groves group (2015) e N
Mn complex (5.0 mol%) $
Bu PhIO (2.0 equiv) Bu =N_ /N_
NaN; (4.0 equiv) Mn
X - By o’ ¢ro By
EA, 4 °C
N, C-H
o) o ‘Bu ‘Bu
60% yield, 70% ee t
L Mn complex )
----------------------------------------------------------------------------------------------------------------- 4 )
Liu group (2022)
1 Mn complex (5.0 mol%) 1 1
R PhIO (3.0 equiv) RN, R oH Me
NaN; (3.0 equiv)
> r + + o +
N Toluene, 0 °C N N Ad
‘o L, L, NH
R R R R2
a b c
57-91% yields
63-95% ees J
f Selected examples '
; Me E
Me, N, Me, N, N Moy N N3 Me N2 :
Hoo SRS oo MRS o U O 0 o GO
' N '
' N N N N '
! \ \ N )§ :
: Ac \ (o] ) :
: Ac Ac HF,C Ac ‘Bu’&o :
, 70% yield, 95% ee 87% yield, 92% ee 85% yield, 92% ee 80% yield, 90% ee 60% yield, 91% ee 86% yield, 63% ee .
' a/b/c =10:1:1.9 a/b = 15:1 a/b =14:1 a/lb =13:1 alb/c = 6:1:1.5 a/lb =13:1 '

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

J. T. Groves, et all. Am. Chem. So2015 137, 53005303.
L. Liu, et al J. Am. Chem. So2022 144, 1538315390. 27



2.2

Radical probe experiment

N;
Ph Ph
Mn complex (4.0 mol%) Ph HO,
PhlO (3.0 equiv)
NaN; (3.0 equiv) N3
> + A\
N‘ Toluene, 0 °C N‘ N‘

R R
° 62%
R = COCF,H 9% °
epoxide
opening
Ph Ph Ph
/ (0}
N3 > N3
ring-opening epoxidation
N then azide-rebound N P N
R R R
Oxidative kinetic resolution of racemic secondary azide Femmmaene
Mn complex (4.0 mol%)
N3 PhIO (3.0 equiv) N3 o :
NaN; (3.0 equiv)
- +
N‘ Toluene, 0 °C N‘ N‘
Ac Ac Ac
12%

s factor = 7.2 82% yield, 10% ee

L. Liu, et al J. Am. Chem. So2022 144, 1538315390.

] ; '
Tt stacking:

, interaction 1

- ' '

00

KIE experiment

Me
: N
By X0 Mn complex (5.0 mol%) Me, N
PhlO (3.0 equiv)
NaN; (3.0 equiv
Me D 3 quiv) > \
Toluene, 0 °C
‘Bu/go
N
/& KH/KD=2.8
Bu” 0
Proposed mechanism
/\N
N\M “ PhIO
* n
o/ | o
NaN3 N3
TNaN:;
------------- +
' N/_\N (o)
- OH ~.. 7
: " Mn'" N/—H‘\N
| N o/ o G \Mng >
o/ | o
N3
N H
\
Ac
OH N‘
| N Ac
*
o/ l o
N

28



2.2

Introduction of diverse nitrogen-based functionalities via post-azidation derivatization

Primary amine and amide

Me, N; Me  NH, Me N_ 0
©\)§ H,, PdIC @fg PhCOCI, Et;N ©f§ Ph
> _———
N MeOH CH,ClI, N

o

HF,C

J=o

HF,C

90% ee

95% yield, 90% ee 96% vyield, 90% ee

Sulfonamide

H

Me N, Me  NH, Me N.g°
©\)§ Hy, PdIC @fg PRSO,CL, EtN ©\)§ WP
—>
"L MeOH L CH,Cl, N
o
HF,C HF,C 0 |-|cm)§ °
90% ee

95% yield, 90% ee 95% yield, 90% ee

L. Liu, et al J. Am. Chem. So2022 144, 1538315390.

00

Triazole-linked Vitamin E analogue

Me N3 "f”N
©\)§ cuso, Me NJ)"\O
sodium ascorbate
+
L H,0, 'BUOH ©\)r§
o
HF,C
HF2C)§0
90% ee H H 92% yield, 90% ee
R= A ~ d.r. =19:1
3
Triazole-linked estrone analogue
_N
Me, N; '}l’\/)—\ o g
Cr$ B AL
sodium ascorbate s
N + H
H,0, ‘BuOH ©\)N§

90% yield, 90% ee
d.r. =19:1
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Sun group (2017)

Mn-2 (0.2 mol%)

OH H,0, (0.7-0.9 equiv) OH
. H
R1J\R2 H,S0, (1.0 mol%) R
CH;CN, 0 °C

60%-74% yields
90%-96% ees

( )

—|2+

Hammett plot

)=O

log k.,

-04

N\M N/
— n
N/ \N/ 2\
N\ —
Mn-1 : Ar = Ph
Mn-2 : Ar = 3,5-Bu,CgH,
\
KIE experiment
OH OHD Mn-1 (0.3 mol%)
H,0, (0.4 equiv)
+
H,S0, (0.3 mol%)
CH4CN, 25 °C
KH/KD =1.8

W. Sun et al Chem. Sci2017, 8, 74767482.

OH

00

Mn-1 (0.3 mol%)
H,0, (0.4 equiv)

H,S0, (0.3 mol%)

0.2 1

0.1 1

0.0 4

-0.1 4

-0.2 4

-0.3 4

H o) HO
g d-— "0
_MnV_ —_

CH;CN, 25 °C
o p-Me =-0.58
p-Cl
p-CF,
0.2 06
Oxidation of cyclobutanol to cyclobutanone
OH
1

mQ

\ ./\/CHO I HOWCHO
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( )
Liu group (2020)
group ( R R
R3 Mn complex (5.0 mol%) R®, R® R?
h PhIO (0.8-1.2 equiv) hn . R OH
*
R R? CH,CI > RMNGASR? "R H

HOH 22 HOH 0

racemic enantiomer oxidized product

n=1-6 40-48% yields 41-50% yields

51-98% ees 78-95% ees
s factor up to 153 Mn complex
. J
Selected examples
10 Me,
0 7O‘PMP Q C,H \"O‘PMP &
OMe 0 o~ "PMP (o} Z%5 0 o~ ~PMP
PMP
347% yield, 95% ee 347% yield, 95% ee b47% yield, 94% ee b47% yield, 51% ee 343% yield, 96% ee 243% yield, 93% ee
s factor = 43 s factor = 43 s factor = 39 s factor = 4.3 s factor = 32 s factor = 35

245% yield, 92% ee  344% yield, 95% ee
s factor = 33 s factor = 82

(@]

—

=

(7]
=
D
o

=

(1]

o

B G
w PMP :
< © Me” N0” “PMP !

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

R = 4-CH;0C¢H,, °R = Ph

L. Liu, etal J. Am. Chem. So202Q 142,1934619353 31
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Two possible mechanistic pathways

HAT
® PhIO ﬁ OH
L*MnM —>,_*M,C:'3/

{ 5 c1 c2 L*Mn"V O Kj\
" c3 : OH
o” "PMP o’ PMP ———< 07 PMP

(R)-1a

Noncovalent interaction in stereo-determining transition state structures

additional ©—=
interaction

c3 c1
SET **  proton transfer
7 X Q\PMP 7 X L
c2 g) B ca c1 =
L*MS')V A
c4 \

stronger -7
interaction

KIE experiment

Mn complex (5.0 mol%)
Q\pmp * Q\PMP P QZeadly) (j\
H
o 4 0 O~ pmp

D CH,Cl,, -40 °C

TS1(R)
(0.0 kcal/mol)

KHIKD =29

L. Liu, et al J. Am. Chem. So202Q 142 193461 19353. 32
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DFT-calculated energy profiles for SET and HAT pathways

+¥
PMP o
AGgopcm) H\
(kcal/mol) \0
I I
+ — singlet: "
: giet: + L*MnY
2 B 1 — triplet: _I )
ca gf; i\ — quintet; PMP?O TS1(R)
LT S Feos H O 26.6
\\\ : \\ /_\
‘\ : b ’/ \\‘
®__ (R-1a ! a
E L*Mn ’1, ‘\ . c2
1341 ™ c2 (R)1a IM1(R) /,’ \ PMP—L o
S L N, 123 123 7 \
——TET \‘\\\ N— - — 5Ts1 R \ \ H
4C4 13.0 70( ) b
121 SET /.—,' \ LY
3c2 *IM1(R) e \ Y, L'Mn +
- \ \
S 05 _.-==7 ___--" AN Y im2 PMP
0.1 \ z
(0] §: A ae-- _— T 4.1 \\\ \ 17 “
|® T —_ 3TS1(R) . N \
L*Mn" 00 1.4 AN o —6‘
°c2 3IM1(R N PMP =3
( ) \ \1( L*MnIV HQ‘ (o)
\ N
\ AN 3 ]
II @l W \\\ 3|M2 TS2 L*an
L*Mn \ “\ -30.1 ___ﬁ \
\ ———m =TT T T T IM3
: HAT N T -36.1
. \
' \
' \
' \
' \
' \
. \ s
; \ SIM2 5TS2
; 895 623 s
Single Electron Transfer . Hydrogen Atom Transfer e -82.1
- ! -

00

L. Liu, etal J. Am. Chem. So202Q 142,1 93 461.19353
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Liu group (2021)

Mn complex (5.0 mol%)
PhlO (0.6 equiv)

Fth_'jn
o’ R CH,Cl,, -40 °C

R = aryl, alkynyl, alkyl

FG /—1},, FG n
~ + N
kO "R K }\

o OH
43-49% yields
55-99% ees

n=1-2
s factor up to 211 R'=4-PhCgH,
L Mn complex
Radical probe experiment
Ph Ph
HO Ph
Mn complex (15.0 mol%)
PhIO (1.5 equiv) OH (o]
o] > o)
(o]
121%. 400/0
epoxide
opening
o\’“d
e
Ph o
o
. / Ph| O Ph
o ring-opening OHO epoxidation OHO

then OH-rebound

L. Liu, et al.LAngew. Chem. Int. E@021, 60, 176:180.

R

KIE experiment

Mn complex (5.0 mol%)
PhlO (0.6 equiv)

PMP 4y

PMP PMP
D
o+ o

Electron transfer probe

Ph

Mn complex (5.0 mol%)

0 PhlO (0.6 equiv)
CH,Cl,, -40°C
open flask

Proposed mechanism

CH,Cl,, -40 °C

KHIKD =13

Ph

©-o

88%

rate-determining

step

N A

proton transfer

R
OH

o)

OH

R

o}

34
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Liu group (2022)

Mn complex (1.0 equiv) * (o) @ CN
PhIO (0.8 equiv)
@ A > ) R W 4 L
N EtOAc, RT N R N N A
& JARP

R’&o RAO

P4
w

u

4
w

n=1,2 44-50% yields
90-98% ees Oxidation product
s factor up to 95
e A
Control experiment in the absence of PhlO "’:\<
—N N=
N3 H ‘Mln/
/ \,
Mn-2 (1.0 equiv) oco
no reaction
N EtOAc, RT R R
tBu/&o Mn-1, R = OMe
Mn-2, R = 2,4-F,C¢H;
\_ J

KIE experiment

N;H
Mn-2 (1.0 equiv) o) t
PhIO (0.6 equiv) >—N =N Bu
+ > By N= N—<
N N EtOAc, RT o)

N;D
'Bu/go

t
Bu™ "0 Ky/Kp = 2.7

L. Liu, et al.Nat. CommurR022 13, 16211630. 35
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00

The N-acyl substituent effect for THQ-based azides

N;H N,
Mn-2 (1.0 equiv)
PhIO (0.8 equiv)

N EtOAc, RT

R/go R/go

Deuterated control experiment of indoline-based azide

L

N3y
CLy

Mn-1 (1.0 equiv)
PhIO (0.8 equiv)

R R

L. Liu, et al.Nat. CommurR022 13, 16211630.

EtOAc, RT >
)=o )=o

R = CHj;, 24 h, < 5% conversion

R = CH,CH;, 24 h, 15% conversion, 0% ee

R = CH(CH3),, 24 h, 35% conversion, 20% ee
R = C(CH3)3, 4 h, 52% conversion, 98% ee

R = OC(CH5;), ,24 h, < 5% conversion

R = CHj, 4 h, 52% conversion, 96% ee
R = CD3, 24 h, < 5% conversion

CH-F
hydrogen
bonding 3TSg
interaction AAG*=0.0

36
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Proposed mechanism

L*Mn'" 1/2 L*'MnVOMnVL* ——=  1/2L*Mn" + 1/2 L*MnV
PhIO * % H,0
(o) ?H
*MnV *p IV :
N;H L'Mn L*Mn Nj N, N o

) dimerization >—N _N\ R
% > - R N N
N n=1 N N o}

R/g R™ ~O

L* Mn
L* Mn'V OH
2 ° *I v * 1 HCHO
A C-C bond CN L'Mn™  L'Mn CN CN
) cleavage @ ) . 7 Z‘ 3 (:[
@(g > ©j:§ > N~ > N"OH NH

N

o <o o o o

o
W}_
o

L. Liu, et al.Nat. CommurR022 13, 16211630. 37
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2.3

Halterman group (1991)

Mn complex (0.25 mol%) e
s PhIO (0.5 mol%) o
#9952 Q
R 'R CH,Clj, 20 °C R1'(§)‘R2

82-99% yields
40-68% ees

00

Gao group (2016)

Mn(OTf), (0.35 mol%)

Ligand (0.35 mol%) 2
RVS\RZ aca (20.0 mol%) é
1-9<
H,0, (1.5 equiv) R"@R?

CH3CN/’PrOH (viv =3I7) 82-91% yields

microreactor, 1-4 min

90-99% ees

Selected examples

[7:1]e)

3

93% yield, 55% ee

O]

Br

»nuO

i

99% yield, 68% ee

(0}’ 1]e)

S

98% yield, 59% ee

O@

$
o

82% yield, 42% ee

99% yield, 47% ee

Selected examples

©
Br

>

90% yield, 96% ee

UVO

~N

(©)’.1le)

[0} lle)

89% yield, 98% ee

@010

S

89% yield, 92% ee
S)
L0

90% yield, 96% ee

@ unuo

Q.
s

85% yield, 91% ee

o
(0]

®5

LU

o

85% yield, 94% ee

R. L. Halterman etal. Synlett1991], 11, 791-792.

H. Jiang, et alChin. J. Org. Chen02Q 40, 30443064.

S. Gag et al Adv. SynthCatal. 2016 358,667-671.
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Gao group (2017)

e N
Mn(OTf), (0.5 mol%)
Ligand (0.5 mol%) o NH HN
aca (20.0 mol%) (0]
R1 S‘RZ é N=
H,0, (1.8 equiv) R1‘®‘R2
CH;CN, -30°C, 0.5 h sBaB
\ Ligand y
Selected examples
O
9e Qe 0
S S

ot S

88% yield, 90% ee 88% yield, 90% ee

Q@

HTN\\(%\ P@
\r N\rN [ \>—s

Z
HNY
85% yield, > 99% ee 84% yield, 91% ee

o
s bl
S—s
®\ ©:o>_@\

83% yield, 91% ee 82% yield, 96% ee

86% yield, 92% ee

N OO
N\
[ N>—és\_
\

72% yield, 80% ee

N
N
LTe
Z
Br N
85% yield, 87% ee

C)

n-N .~°
)\‘>—

H,N

78% yield, 78% ee

9@

1 D—sH
N-NH®

80% yield, 80% ee

S. Gag, et al ACSCatal 2017 7, 48904895.

Isotopic analysis studies

H,'%0, (1.8 equiv)

Mn(OTf), (0.5 mol%)
Ligand (0.5 mol%)
aca (20.0 mol%)

CH,CN, -30 °C, 0.5 h O@

94% 180

H,0, (1.8 equiv) S
H %0 (10equiv) >
- P
N
<1% %0

Proposed mechanism: [(L)Mn"(OTf)z] + RCOOH

© r\ H,0,

R7® R2 (L)Mn"

[/ l]e]

OCOR

0-0 bond
heterolysis

S\

R1’ R2

o+ Mnlll_o
(L)MnIV=;| o"Jﬁ/‘o_H
OCOR 0~
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Gao group (2018)

e N
Mn(OTf), (1.0 mol%) Q
e} Ligand (1.0 mol%) e NH HN
o aca (20.0 mol%) o
$ > s+ % N N
R1'@‘R2 H,0, (2.0 equiv) R1‘®\R2 R R2 - -
-30°C, 0.5 h 0\)*5,3“&/0
17-30% yields .
78-99% ees . Ligand J

Ar Ar
| Mn complex (1.0 mol%) é
‘\/IS PhlO (1.3 equiv) > @ 0@
@ CHCI;,0°C,4h
N~ 0 3 N“"o
H
. 42-81% yields
Control experiment 86-97% ees Mn complex

I';’h Mn complex (1.0 mol%) ITh

S i S.
©\/\/E PhlO (1.3 equiv) m@ 0@ - <
T o CHCI;,0°C,4h T o
74% yield, 0% ee \N—H--O S—Ar

[\ 0---NH—D 70
Ph Mn complex (1.0 mol%) l:’h Mn
: PhIO (1. i H
S 0O (1.3 equiv) N g)\o
B ©
CHCI;, 0°C, 4 h
0" ~0 \. y,

91% yield, 2% ee

Y

Og /§
o
Y

S. Gao, et alTetrahedron Lett2018 59, 156-159.
T. Bach et al Org. Lett.2021, 23, 18291834, 41
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Schneider group (2017)

R! (o]

OH 0” "Me

1) Mn(dbm); (10.0 mol%)
CPA-1 (3.0 mol%)
CHCl;, O,, RT, 1d

2) p-TsOH (20.0 mol%)
CHCI;, 40 °C, 1 h

30-79% yields
14-78% ees

00

Ph

o)
\
O-m
/
0
Ph

n
\J
o~

\_

R )

o, -0

(d

0~ “OH
g g R

R = 4-tBu-2,6-Me2C6H2
CPA-1 J

Zhong group (2019)

NHPG R2
CEN s
H
OH

PG = Boc, moc, Ts, Cbz, CO,Et

C. Schneider, et aDrg. Lett.2017, 19, 45884591
F. Zhong, et alACSCatal 2019 9, 72857291.

[Mn]-1 (2.0 mol%)
CPA-2 (0.5 mol%)
TBHP (2.0 equiv)

Toluene/CH;CN (viv =10/1)
40 °C,4A MS, 15 h

51-91% yields
80-99% ees
up to 4100 TON

CCL,
o. -0

Cd

0~ “OH
g g R

R = 2,4,6-"Pr;CgH,
. CPA-2 J
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Control experiment A:

NHBoc
catalysts
TBHP (2.0 equiv)
+ A\
N Toluene/CH;CN (v/iv =10/1)
40°C,4AMS,15h
OH H
1a 2a
4 )
—N_  N=
i
‘Bu o’ ¢ro ‘Bu
Bu Bu
[Mn]-2
\\ J

Control experiment B:

NHBoc
+ A\
N
OH \
1a 2a'

[Mn]-1 (2.0 mol%)
CPA-2 (0.5 mol%)
TBHP (2.0 equiv)

Toluene/CH;CN (v/v =10/1)
40 °C,4A MS, 15 h

F. Zhong, et alACSCatal. 2019 9, 72857291.

[Mn]-1 (2.0 mol%) without CPA-2: 5% yield, 0% ee

[Mn]-2 (2.0 mol%) without CPA-2: 5% yield, 10% ee

[Mn]-1 (2.0 mol%) + CPA-2 (0.1 mol%): 80% yield, 96% ee
[Mn]-2 (2.0 mol%) + CPA-2 (0.1 mol%): 72% yield, 95% ee
ent-[Mn]-2 (2.0 mol%) + CPA-2 (0.1 mol%): 67% yield, 96% ee

< 5yield, 2% ee

00

Control experiment C:

Ag,0 (1.5 equiv)
CPA-2 (0.5 mol%)

1a + 2a

> 3a (15 yield, 10% ee)

Toluene/CH;CN (v/v =10/1)

40 °C,4A MS, 15 h

Proposed mechanism

'‘BuOOH 'BuOH +H,0

Mn
oxidation
catalysis

2a

CPA 3a
Bronsted acid

catalysis
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