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n Professor Introduction £

Jennifer M. Schomaker
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Professional experience

2009 - present Professor, University of Wisconsin-Madison (E{EfEREXFZHHIT).
2007 - 2009 Postdoctoral Fellow, University of California, Berkeley; Advisor: Prof. Robert G.
Bergman and F. Dean Toste (&{8t,, FHEREIREF).

2001 - 2006 Ph.D., Michigan State University (B8R IZKZ); Advisor: Prof. Babak
Borhan (EIEHILE. SRCFETIBIGES).

1994 - 1998 M.S., Central Michigan University (FRSRZZERHREAS); Advisor: Prof. Thomas J.
Delia (Z¥MEF);

1990 - 1994 B.S., Saginaw Valley State University (ZEEFEMNIZAS);

Research
(1) Total synthesis of natural and unnatural products with intriguing biological activities;
(2) C-H functionalization reactions;

(3) Unified strategies for the syntheses of N-heterocycles via aziridinium ylides.



E Earlier Nitrene Transfer Reaction

N//< nucleophile
—NUCICOPAIE o

10 examples
up to 94% yield
up to E:Z > 9:1

(a) 2011, 1
O_«O Rhy(TPA) 4 or Rhy(esp); (2.5 mol%)
- PhI(OAc), or PhI(OPiv), or PhIO (2.0 equiv)
R\h-:(_/ 2 4A MS or MgO (2.6 equiv)
H Y CH,Cly, 1t-35 °C
(b) 2011, 11
R! Rhy(esp), (2.5 mol%)
Q PhI(OAc), (2.0 equiv)
R—= )=o MgO (2.6 equiv)
H HoN CH,Cly, reflux

(a) Org. Lett. 2011, 13, 1924. (b) Org. Lett. 2012, 14, 280.

(0]
HN’(
O
7
R R’

13 examples
47%-93% yield
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42%-99% yield



E Earlier Nitrene Transfer Reaction

(a) 2012, 6

0- S—NHZ

PhIO (1.3 equiv)
CSH11 :(—/ CHyCl, rt, 1 h

//
1) RhpTPA, (1 mol%) Osd/

2) nucleophile, rt

0-S—NH,

O=w=0

CsHi1 Nu

8 examples
56%-90% yield

1) Rh,TPA, (1 mol%), PhIO (1.3 equiv)

2) PhSH (3.0 equiv)

*, The Yang Research Group
Precise Synthesis Lob at Tengji University

Cs”u\xg.z(_/
’

99% ee

(a)J. Am. Chem. Soc. 2012, 134, 10807.

3) NBS (1.2 equiv)
4) NaBH5CN (2.0 equiv)

0s
HNQ
electricphile - E X
then reductant or nucleophile
CsH11 Nu
8 examples

44%-80% yield
up to >19:1 dr

Br phs

61% yield
15:1 dr
99% ee



Ag Catalyzed Nitrene Transfer Reaction ———— <

(a) 2012, 11

AgOTf (20 mol%)
phen (25 mol%)
PhlO (2.0 equiv)

o]
o~
- i—/ NH,
Rz‘\hz.
.

R" = Alkyl
R2=H or Me

O
H O—(
NH,
C5Hu\§=.=v>—ﬁ

(a) Org. Lett. 2013, 15, 290.

2AMS, CH,Cly, it

AgOTf (20 mol%)
terpy (25 mol%)
PhlO (2.0 equiv)

2AMS, CH,Cly, i

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

__N"To
RW

15 examples
67%-98% yield
up to >20:1 E:Z
(o}
HN™ O
2
CsH
5 u\h-_

61% yield



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2013, 11
(o]
1
R AN
R2

H
57%-87% yield

54%-89% yield

AgOTf (20 mol%)
phen (25 mol%)
PhlO (2.0 equiv)

4AMS, CH,Cly, rt

AgOTf (20 mol%)
phen (25 mol%)
PhlO (2.0 equiv)

4AMS, CH,Cly, 1t

(a) J. Am. Chem. Soc. 2013, 135, 17238.

O
H 0—4
NH
R1 2
th.
10 examples
R' = alkyl
R%=H or Me
O

W o4
R71.:2—< NH,
R3
R2

5 examples

R"=alkyl or H

R? = H or Me

R® = H or Me or Et

AgOTf (10 mol%)
phen (30 mol%)
PhIO (2.0 equiv)

2AMS, CH,Cly, 1t

AgOTf (10 mol%)
phen (30 mol%)
PhIO (2.0 equiv)

4AMS, CH,Cly, 1t

“<, The Yang Research Group
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HN)LO
S;:.ﬁ

62%-88% yield

66%-93% yield



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2014, 11
Condition A

1]
HzN—§=O
H O H

N NN

Condition B

1]
HN=5=0
H O H

Ph

(a) J. Am. Chem. Soc. 2014, 136, 16720.

AgOTf (10 mol%)
dtbbpy (30 mol%)
PhlO (2.0 equiv)

2AMS, CH,Cly, it

AgOTf (10 mol%)
tpa (12 mol%)
PhlO (2.0 equiv)

2AMS, CH,Cly, 1t

b4
HN""Y0  H
AN

a

QP
HN""S0 H
phw

a

1:2.8
76% yield

24:1
84% yield

\Y4
H o’S‘NH
Ph)\)\k
b
P
H O °NH
AN
b

| E
N/I :
LANGFN :
2 N :
~ ;
tpa

“<, The Yang Research Group
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H Ag Catalyzed Nitrene Transfer Reaction

(a) 2014, 11
?I) 1]
HzN_§=O HzN—§=O
H o H H o H

oA

A 19% 56%
B 60% 24%
>19:1 dr,syn main

Ph)\)\/b

A 28% 0%
B 63% 0%
>19:1 dr,syn main

o]

1]
H2N—§=O

H o H
)\)\)\k

A 28% (3.7:1 syn:anti) 30%
10% aziridination product
B 60% (12:1 syn:anti) 24%

I}
HN—-$=0

H o H H O H
)\)\/b WB )\)\/D
Ph Ph L Ph

A 27% 30%
B 64% 21%
>19:1 dr,syn main

A 13% 68%
B 65% 22%

1]
H2N—§=O

H (0] H
/\)\X
CsHyq

A 21% (1.2:1 syn:anti) 51%
B 37% (2.2:1 syn:anti) 26%

1]
HoN=$=0

H

OMe
A31% 38% A 25% 52%
B70% 15% B 66% 15%

(a) J. Am. Chem. Soc. 2014, 136, 16720.

Me

o H

Br

CF;
A16% 44% A 1% 69%
B 55% 33%

B 42% 54%

1
HN-$=0

>19:1 dr,syn main

1]
HN—8=0
H O H

A 14% 67%
B 54% 38%
> 19:1 dr,syn main

f
H2N—§=O
H O H

\)\)\k

A 0% 64%
B 0% 94%

I}
HN—$=0
H O

Lo

Me
A 39% 28%
B 45% 31%

OMe
A 44% 23%
B51% 23%

Br
A 34%
B 33% 58%

9
H2N—§=O
H O H

A 9% 72%
B 73% 20%
>19:1 dr,syn main

Q
H,N-§=0
H o

A74% 21%
B 36% 50%

H

®

CF;
37% A 21% 53%
B 19% 61%

“<, The Yang Research Group
Precise Synthesis Lob at Tengji University
g
HZN—?=O
H O H
Ph

A 21% 54%
B 63% 0%
>19:1 dr,syn main

H



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2014, 11
q
HN—-5=0

A 50% yield (3.3:1 syn: anti)
B 71% yield (5.5:1 syn: anti)

H (o] H
S

1]
HoN—-S=
2 ? © conditions A or B

AP

HN""~O0

Hs O

Bn

96% ee
dr 1.2:1

ALK
PH OSO,NH,

(a) J. Am. Chem. Soc. 2014, 136, 16720.

.

condition A
86% yield, 95% ee

conditions -

A 43% yield, 1.9:1 dr
B 64% yield, 1.1:1 dr

*, The Yang Research Group
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Q.0

N\
H O™ °NH
=

cis-alkene only

P
or HN"T 0
Bn B Bn
condition B
95% vyield, 95% ee
QP
HN"" 0

Ph
Ph

no alkene product observed



Ag Catalyzed Nitrene Transfer Reaction ———— <

(a) 2016, 5

(a) Org. Lett. 2016, 18, 3014.

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

___AgOTf(10equiv) o [Ag(PysMe,)(OT)],

CH,Cly, 1t
Crystal
AgOTf (10 mol%)
n PysMe; (12 mol%)
O0=$—NH, PhIO (3.5 equiv) QP
H O H 4A MS, CH,Cl, 1t HN""M0 H

)\)\/I< or PcFeCl (10 mol%) )\)\/I<
R AgSbFg (10 mol%) R
PhI(OPiv) (2.0 equiv)
R = Aryl, Alkenyl, Alkynyl PhMe/MeCN=4/1 22 examples
up to 99% vyield
up to >20:1 rr



Ag Catalyzed Nitrene Transfer Reaction

(a) 2016, 10

5.0 equiv

Ve

S<
Cl,c” 0”7 NH,

A: 89% yield, 6.4:1
B: 60% yield, 1:3.3

ROSO,NH,

F3C

A\,

or

Q\SP
07" ~NH,

A: 77% yield, 3.8:1
B: 52% yield, 1:3.6

(a) J. Am. Chem. Soc. 2016, 138, 14658.

Condition A:
AgOTF (10 mol%)
BustPy (12 mol%)

PhlO (3.5 equiv)
4AMS, CHClo, 1t 4 h
Condition B:
AgOTf (10 mol%)
tpa (12 mol%)
PhIO (1.2 equiv)
4AMS, CH,Cly, rt, 30 min

Hfs

CF 2
)\30\\8/9 REY
FoC” 0”7 NH, NH;

A: 97% yield, 6.5:1  A: 44% yield, 4.3:1
B: 60% vield, 1:2.8  B: 27% vyield, 2.5:1

A: 77% yield, 3.1:1
B: 48% vyield, 1:5.0

*., The Yang Research Group

Precise Synthesis Lob at Tengji University

Dfs OSO,NH,
OSO,NH, E
F F
F
F

A: 99% yield, 5.2:1 A: 85% yield, 3.7:1
B: 54% yield, 1:5.8 B: 51% yield, 1:4.7



H Ag Catalyzed Nitrene Transfer Reaction

“<, The Yang Research Group

(a) 2016, 10 H Condition A; AGOTf (10 mol%), BustPy (12 mol%) S TR ATER
PhIO (3.5 equiv), HfsNH, (1.0 equiv) H [SI~
, ] 4AMS, CH,Cl, 1t, 4 h _ NH
K Condition B: o . +
-7 R A o 9 : N—[8] S
gOTf (10 mol%), tpa (12 mol%) . R .
5.0 equiv PhIO (1.2 equiv), DfsNH, (1.0 equiv) R

4AMS, CH,Cly, rt, 30 min

S & btk g o o

A: 61%, 11% A:84%, 13% A:59%, 2% A: 58%, 4% A:72%, 2% A:97%, 0%
B: 13%, 35% B:8%,46% B:20%, 24% B: 8%, 25% B: 29%, 25% B: 25%, 0%
(only trans)

OMe

A: 73%, 7% A:73%, 16% (3.4:1)  A: 0%, 0%
B: 7%, 61% (3.0:1) B: 20%, 60% (5.6:1)  (epoxide main)

OAc  B:2%, 65% (6.4:1)
cl H p H Me, OMeH
H ent e,
O F Me Ph H
(] o QO = l
H H H H
H
A: 57%, 6% (5.0:1)  A: 51%, 17% (9.0:1)  A: 40% , 16% A: 22% , 20% A: 65% ,10% A: 55% ,19% A:72% ,0%
B: 3%, 51% (5.9:1)  B: 8%, 62% (11:1) (1:4.8 syn:anti) (1:19 syn:anti) (1:11 syn:anti) (dr 2.4:1, >20:1) (2.4:1)
trisubstituted alkene trisubstituted alkene B: 12%, 49% (dr 3.9:1) B: 29%, 18%
B: 3%, 39% B: 2%, 32% (4.4:1) B: 3%, 46% (6.3:1)
trisubstituted alkene trisubstituted alkene (1:2.2 syn:anti ) (>19:1) Y
15
(a)J. Am. Chem. Soc. 2016, 138, 14658.



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2016, 10
H

N—Hfs

H

65% yield
>10:1

55% yield
>10:1

Me

N—Hfs

46% yield
dr3.8:1
3.3:1
43% yield
dr4.2:1
2.9:1

(a)J. Am. Chem. Soc. 2016, 138, 14658.

-—onaftions

Condition B +

NHDfs
54% yield

2.6:1

8% yield
4.9:1
1.3:1

Condition B +
—_—

NHDfs

37% yield
>20:1
1:1
4% yield
>20:1
>20:1

“<, The Yang Research Group

Precise Synthesrs Lab ot Tengji Universil -

NHDfs

NHDfs
Me



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2016, 10

N—Hfs
H NHHfs

63% yield
>20:1
> 20:1 cis: trans

57% yield
>20:1
> 20:1 cis: trans

/\)\ Condltlon A

/\)\ Condmon B

(a)J. Am. Chem. Soc. 2016, 138, 14658.

Condition A

Condition B

> 99:1 cis: trans

no inhibitor

20 mol% TEMPO

NHHfs
/\*

6%

NHDfs
/\k

19%

15%

“<, The Yang Research Group

Precise Synthesis Lab of Teng)) Universi

N—Dfs

NHDfs

42% yield
13:1 cis: trans
10% yield

>20:1
13:1 cis: trans

NHHf:
)\;\

5%

NHDf:
)\)\

3%



H Ag Catalyzed Nitrene Transfer Reaction ———
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Precise Synthesis Lob at Tengji University

(a) 2017, 5 o
AgOTF (10 mol%) HN=$=0 Rh,TPA4(2 mol%)
Me,phen (12.5 mol% H o H Phi(OAc), (1.1 equiv,

<« Mesphen (12.5 mol%) __Phi(OAc), (1.1 equiv) o,
PhIO (3.5 equiv) MgO (2.3 equiv)
4A MS, CH,Cly, rt CH,Cly, rt

95% yield
5.0:1
(b) 2017, 11
Q.0 Q
n \// N
HN—-8=0 Ag(tpa)OTF (10 mol%) 8% ~S<
H O H PhIO (3.5 equiv) H/?\/Ok)\ +  Ph OTTNH
Ph)\)\k 4AMS, CHCI3,- 20°C Ph M
92% yield
4.3:1
(76% yield)
(2.8:1)
(c) 2019, 5
RV Ag(ButPy)OT, (5 mol% Q0
Y [Ag('ButPy)OT, (5 mol%) Rhy(esp); (2 mol%) s7
NH PhlO (3.5 equiv) PhI(OAc), (1.2 equiv) NH
4AMS, CH,Cl, it MgO (2.4 equiv)
CH,Cly, 1t
92% yield 97% yield
1:6.3 3.5

(a) Chem. Commun. 2017, 53, 4346. (b) J. Am. Chem. Soc. 2017, 139, 17376. (c) Chem.Commun. 2019, 55, 7362.



Ag Catalyzed Nitrene Transfer Reaction ———— <
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(a) 2019,10
XN, OTF A
L) A LN
ZONF N N\
\Agj Y ot
u N N > Z N o
= A PR N o
S oY =L
g7 O PhIO, 4A MS *eu b PhIO, 4A MS Et
CH,Cly, 1t u CH.Cly, rt
87% 89%
221 9.9:1
XN, OTF p
Ul & (]
Y NH 3 N
AL Z N/ NS L2 X, N“‘I \\ QL
A L 0=$=0 N ) y hd
HN"™>0  H ) H & H I~N H  O"7°NH
OTf
O\)\)\Ph 0. AA NS O\)\)\Ph ohO : O\)\)\Ph
CH,Cly, 1t PhCF3, - 20 °C
81% 94%
8:1 8.6:1

(a) Nat. Catal. 2019, 2, 899. 17



Ag Catalyzed Nitrene Transfer Reaction ———
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(a) 2019,10
(0] H
X Hooo
HN 1% Ag Catalyst 1 )l\ Ag Catalyst 2 R
R 0~ “NH, > HN_ P
R A \\(
H (e]
O NH;
Y AgCIO, (10 mol%) 0.0 (o]
0 [Ligand] Y . =0
PhiO, 4A MS ', -NH TN
[ CHLC, M, 48R > /< A4
H H
2 3

entry  Ligand (mol%) 2 yield 3 yield 2 s
1 tpa (10) 18%  73% ' - — :
2 ButPy(10) 7% 71% ; 7 N ) & =4 p 5
3 Me phen (10) 73%  19% ! =N N =N N :
4 Me,phen (30) 4% 89% Me,phen neocuproine :
5 neocuproine (10) 70% 30% ' o o '
6 dmbox (10) 84%  15% ' ) i :
7 dmbox (30) 84% 16% E §VN N7Z E
8 PysMe, (10) nd.  84% : :
\ dmbox ;

(a) Nat. Catal. 2019, 2, 899. 18



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2019,10

H

H

(a) Nat. Catal. 2019, 2, 899.

o
Ph)\(\o)I\NH2

catalyst Q
PhIO (2.0 equiv) J\
4AMS HN™ "o+
CH,Cl,, rt, 4-8 h Ph)\)
5
entry catalyst ( mol%) 5:6 total yield 4
1 AgCIO4/dmbox (5) 5 only 95% n.d.
2 AgClO4/PysMe, (10) 1:3.3 85% nd.
3 Rhy(esp), (5) 111 39% 30%
4 Rha(tpa), (5) 114 41% 43%
5 Rhy(OAc), (5) 1:2.8 15% 56%
6 [FePc]SbFg (10) 1:1.8 1% 62%
7 [Mn(‘BuPc)]SbFg (10) 1:2.5 7% 72%
8 Rus(hp),Cl (2.5) n/a <4% 74%
9 Cu(CH3;CN)4PFg (10) 5only 54% 43%

bisimine ligand

*., The Yang Research Group

Precise Synthesis Lob at Tengji University



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2019,10

H o
/©)\(\OJI\NH
” H
R

CF,4
A 85% (> 20:1)
B73% (1:3.4)

Me
A 86% (> 20:1)
B 80% (1:2.7)
p-OMe
A 80% (> 20:1)
B72% (1:1.7)
m-OMe
A 90% (> 20:1)
B79% (1:7.6)
0-OMe
A 89% (> 20:1)
B79% (1:6.9)

(a) Nat. Catal. 2019, 2, 899.

R)\(\O)LNHQ

Condition B
AgCIO4 (10 mol%)

PysMe, (10 mol% N

PhIO, 4A MS
CHaCly, rt

H Q H o} H o} H o H o}
N M M
> | S (0) NH, Ph)\%OJJ\NHZ \)Y\OJLNHZ " o) NH, TBSO)Y\OJJ\NHQ
Z H H H H
A 96% (> 20:1) A79% (8.4:1)
B 70% ( 1:3.9) B 76% (1:8.3)

H o H o H o H o
/i\(\o)l\NH2 Et)\(\o)l\NH2 "Pr)\(\o)LNHZ )\)Y\OJ\NHZ
H H H H

A 93% (4.6:1)
B 80% (> 20:1)

*., The Yang Research Group

Precise Synthesis Lob at Tengji University



H Ag Catalyzed Nitrene Transfer Reaction ——— {ff7

(a) 2019,10

Assessing possible olefin isomerization

k)H\/\ i
X O)J\NH

>20/1 ZIE
Stereoretention

o
A

[®)

:

98.6% ee

o

PN

0”7 “NH,

T
Iﬂg‘j

99.2% ee

(a) Nat. Catal. 2019, 2, 899.

2

NH,

Condition A

— e

Condition B

Condition A

Condition B

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

Intrinsic KIE
O, NH. O )O]\
(0] 2
HNJ\O DD O HH CondmonA

kHlkD—3 5:1

>20/1 ZIE o NH
2

Q o]
= Y
(\/\O X OJ( O’[(
HN\( Ph pp —Condition B NH NH
1 D +
knlkp=3.1:1 H
DDH H DL, HPh HL o

>20/1 ZIE

Ph pp D Ph
Proposed Mechanism
LA, Km0
HN” 0 o __Phio
M L)\(H o L)Y
97.4%-ee R R
[AgL] 1%
Ph O)LN=AgL
L H
\|/\o o ( X
HN
X A R

[¢)
99.2% ee

(OL)H\<N H
R



H Ag Catalyzed Nitrene Transfer Reaction ———— <

(a) 2019,10 o

HN” YO Condition A

86%
>20:1

Ph

Ph
84%
> 20:1

O_~OMe

Q Condition A
-

o)\ H“‘ “"OMe

MeO OMe

94%
271

(a) Nat. Catal. 2019, 2, 899.

)Ol\
HN
\H\)o Condition A
-——
‘3/0

From Oxaprozin

H
HZNJ\O = 0_\OMe
MeO"; “OMe

OMe

From a-D-galactose

2/

*, The Yang Research Group

Precise Synthesis Lob at Tengji University

Condition 5 A
74% o
12.4:1
__Condition B ph‘$/
48%
1.7:1
>¥~
Condition & wOMe
MeO! “’OMe
OMe
91%
>20:1

)
ne
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H Ag Catalyzed Nitrene Transfer Reaction ——— :’-'/7

(a) 2019,10
NH, OH H 0 OH
Condition A o)j\NH2 Condition B,
-
H NH,
MeO MeO MeO
70% over two steps From Nabumetone 43% over two steps
17.4:1 2.3:1
OH OH
Condition A Condition §
NH.
2 H,N
S S
66% over two steps From linoleic acid

93% over two steps

4.3:1 > 20:1

(a) Nat. Catal. 2019, 2, 899. 2



H Ag Catalyzed Nitrene Transfer Reaction ——— 'f-'/7
(a) 2019,10

*, The Yang Research Group
Precise Synthesis Lob at Tengji University
Condition A

OH
H N(CH,)3NH.
,,,, Reflux .,

NH,
0

N
82% 97%
)I\ 5.6:1
ClyC
OH CHCly, 0 Cton
o e \Q'
A ’KH cho3 MeOH, rt /IK

94%

Condition B O,

HoN(CH2)sNH,
>=O Reflux \(I

95%
>20:1

85%
(a) Nat. Catal. 2019, 2, 899



H Ag Catalyzed Nitrene Transfer Reaction

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

(a) 2020,5
H 00 o [Rhg] o\\//o QP
P Rhy(tpa), (5 mol%) [ha] R4 NS0 N"Sso
RY -N\o PhiO (1.5 equiv) R N oo ) @ /
- o= s NH;  4AMS F\ e
Z g2 CHxClp, 50°C  R! R2 & X
R! s-cis s-trans R
o)
QL QP “"O o\wo QL
?,S\O 9‘, % N S ,}l,s\o
z ‘—_ z H = z
Me Me ./ OBPS oS Me Me Me
63% 36% 74% 65% 71% 65% 46%
dr>19:1 dr2.4:1 dr>19:1 dr>19:1 drap > 19:1 o dr4.1:1 O\\,,O dr3.9:1
O\V/O \\S//O drapc 1.2:1 \\s//
NS 9
- }
n Me' /=S
36% 31% 62% 74%
dr>19:1 dr>19:1 dr 14:1 dr 3.0:1 dryp > 19:1
drap,c 1.2:1 _
[4e]

(a) J. Am. Chem. Soc. 2020, 142, 5568.



H Ag Catalyzed Nitrene Transfer Reaction

(a) 2024,7
O_NH,
X
Y
R/ Z STees
H
N O\rNHz
| |
N
R/ Z Tces

(a) J. Am. Chem. Soc. 2024, 146, 22085.

AgNTf, (5 mol%)
dmbox (5 mol%)
PhlO (2.0 equiv)

CH,Cly, rt, 2-4 h

AgNTf, (20 mol%)
Megphen or Phyphen (10 mol%)
PhlO (2.0 equiv)
CH,Cly, rt, 2-4 h

,Tces
N \
b

24 examples
36%-98% yield

N—Tces
/
HN
O
N
I F

23 examples
36%-90% yield

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

Ph
Sl 2%
\Y
= -7
Megphen Phophen



H Ag Catalyzed Nitrene Transfer Reaction ——— :’-'/7

“<, The Yang Research Group
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(a) 2025,2
s Q0 e a
0=$=0 4 H H
H & H Ag(L1)OTF (10 mol%) HN""S0  H H :
PhIO (1.2 equiv) : :
| SN 4AMS, PhOMe, 1t, 4 h | N ' :
Pz H H
N N : :
33 examples H _svn-L1 H
29%-96% yield s !
up to > 20:1 dr
(b) 2026,3
H HN,Hfs
AgNTF, (20 mol%), ‘BustPy (12 mol%)
| A R? HfsNH, (1.0 equiv), PhlO (3.0 equiv) | X R2
P 4AMS, a-DCB, rt, 4 h /P
R' R'
48 examples

16%-98% yield

(a) Chem. Sci. 2025, 16, 4796. (b) Chem. Sci. 2026, 17, 9264. el



Ag Catalyzed Nitrene Transfer Asymmetric
Reaction

7

.
g
*, The Yang Research Group
Precise Synthesis Lob at Tengji University

(a) 2017,6

NH, 3
o AgCIO, (20 mol%) o :
0=5=0 L2 (10 mol%) )j\ o ) 1 0 :
, R* 0O PhIO (1.2 equiv) S,N NJ :
REA AN, CH,Cl.- 20°C Rzﬂ'g/) T
R’ R L2 H
X i X X X
Et, N"TO H/{r o} H/dl 0 H;dl 0 /V<l 0
H "'/) Et "/,) n-CsHyq ", ) Pr u, ) TBSO , )
83% 87% 85% 63% 80% 87%
91% ee 92% ee 91% ee 92% ee 91% ee 92% ee
o)
(o] (o] (o] (o] JJ\
Me,
H, NJ\O M N)J\O Me,, NJ\O Me, N” o0 ?4‘ )O
Ph i, ) ", ) Et ', Cy ", oy .
52% 84% 81% 84% 81%
70% ee 87% ee 92% ee 90% ee 87% ee
o 0 0
0
Me. Me, N7 o Ph\/,' N Me,, NJJ\O Me, J’I\o
B2 J ; ~
. & H oy, H ‘uy, '//)
84% 89% 55% 94% 57%
89% ee 22% ee 88% ee 48% ee 62% ee 59

(a) Angew. Chem. Int. Ed. 2017, 56, 9944.



n Ag Catalyzed Nitrene Transfer Asymmetric .7/
Reaction -;'. The Yang Research Group

Precise Synthesis Lob at Tengji University
(a) 2017,6

X i
o]

H’%‘ ? HCI H )]\ TMSN HEJLO

E‘Y\) <) e Et\‘/\)

Et

Cl N3

-
62% 60%
Et;N-3HF ACOH
Me,Culi
PhSH o
o
o HNJ\
H Et 2
EtY\) Y\)
0
F q ) b

% PN HN” O ©

(a) Angew. Chem. Int. Ed. 2017, 56, 9944. 29



Ag Catalyzed Nitrene Transfer Asymmetric

Reaction “-, The Yang Research Group
ecise Synthesis Lab ot Tongji Uni
(a) 2020,7 O 2
AgCIO4 (5 mol%) H 0. O,
(o] (o] '
Jig Min-BOX (2.5 mol%) L Hy OH | - Bu
H 07 "NH, PhlO (2.0 equiv) HN” YO  1,3-diaminopropane, z H "
- N - H
2AMS, CH,Clp, -10°C 2 THF, 65 °C = :
// // R ' Min-BOX By
R R T K
(o] (0] o]
A HNJ\O HN” Yo )OI\ i ?
/Hr;l\)o N T HN” YO A
~ z HN o
pZ Pz V4 N
" ~ Z _
z
R TBDPS
R Me
OMe

Me 83%, 90% ee
"CsHqy 88%,94%ee R
Pr 77%,95% ee H
Bu 97%, 96% ee  Me
84%, 96% ee
51%, 94% ee

96%, 93% ee
66%, 93% ee
90%, 92% ee
70%, 93% ee

(a) J. Am. Chem. Soc. 2020, 142, 12930.

76%, 93% ee

MeO'

68%, 89% ee

cl Z

91%, 94% ee 84%, 92% ee

61%, 92% ee

87%, 99% ee

94%, 96% ee 98%, 96% ee

20



Ag Catalyzed Nitrene Transfer Asymmetric

(a) 2023,11

R3

R1

(b) 2025,2

[}
O=§=O

H O
|\ Ré\)(J)n
[

R

(c) 2025,8

H

RJ\/\OJ\NH

(a) Chem. Commun. 2024, 60, 224. (b) ACS Catal. 2025, 15, 3789. (c) Chem Catalysis 2025, 5, 101388.

Reaction

AgCIO4 (10 mol%)
L2 (10 mol%)
PhIO (2.0 equiv)

N
2 |
R\%\/\OJ\NHZ

4AMS, CH,Cl,, -10°C

Fe(OTf), (10 mol%)
L3 (10 mol%)
PhI(OPiv), (1.2 equiv)

4AMS, MeCN, 25°C, 18 h

AgCIO,4 (10 mol%)
Min-BOX (5 mol%)
PhlO (2.0 equiv)

4A'MS, CH,Cl,, -10°C

N Tces

[
R NJ\O
Rz'ﬂ',,, )
R3
24 examples

21%-98%
up to 99% ee

[eNpe]

HN’S\O
v
R

24 examples
49%-99%
up to 60% ee

(e}

K

H O

nz

L

R
18 examples
49%-97%
up to 94% ee

:’.'/7

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

A H

0, H

N \J-II/ E
N—/ H

7, '

L3 :
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Ag Catalyzed Nitrene Transfer Asymmetric

:57

*., The Yang Research Group

Precise Synthesis Lab ot Tongji University

(a) 2026,4
-substrate-specific tailored catalysts
HOH Asymmetric IN] tedious purification for non-ideal enantioselectivity
N o -limited late-stage applicability
. C-H amination .
6y N
P2, LNy, -harsh conditions
-low reactivity and selectivity
-neat or large excess of substrates
ST AT :
: | :
: N :
N/Troc | = = : Ne .0
i : 2N N~ P Troe” g/
\x fBu'§\\o H racemic ligand tBu” NH
NH N e mmmmmmmmememmmmmmmmmmm—em——— B
N 2 -
N - ) Ny
L\f’d Ellman's sulfinamide derivatives excellent reactivity with \;f)

(a) Science 2026, 392, 6796.

activated AND unactivated C-H bonds

(D8]
(N}



Ag Catalyzed Nitrene Transfer Asymmetric :,/7
Reaction % Th Vi Wasaiireh o

Precise Synthesis Lob at Tengji University

(a) 2026,4
- Troc—N
_Troc _Troc H AgNTF, (10 mol%) Troc=N, O roc °s”o
N N Ligand (12 mol%) By NH By "NH
oSS0 o Sy . Me PhIO (1.2 equiv)
B RH, BU" NS, 4AMS, CH,Cl, 1T, 4 h Me or Me
(S)-1a rac-1b
1.0 equiv 5.0 equiv 2a 2b
Ph Ph
azex: _ .
=N | variations yield dr
TFE 90% 55:45
- o .
2b: 18%, < 55:45 dr 2b: 31%, < 55:45 dr (S)-1a, TFE X 93% 7327
(S)-1a, PhEt (1.2 equiv), TFE 47% 78:22
y (S)-1a, PhEt (1.2 equiv), TFE, 0°C 72% 77:23
S | =\ (S)-1a, PhEt (1.2 equiv), FsPhlO, TFE, 0°C 86% 71:29
N NZ ] N e (S)-1a, PhEt (1.2 equiv), FsPhlO, TFE, -40 °C, 24 h 86% 79:21
N X Z N N
! N R
Z N
\ |
2b: 51%, < 55:45 dr 2b: 33%, < 55:45 dr 2b: 64%, < 55:45 dr 2

(a) Science 2026, 392, 6796.



Ag Catalyzed Nitrene Transfer Asymmetric

Reaction *., The Yang Research Group
Precise Synthesis Lob at Tengji University
(a) 2026,4 . AgNT, (10 mol%) Troc—N, O e .
~Iroc H L4 (12 mol%) RS i H
1] . NH ' H
o S0 . rx\)\o FsPhlO (2.5 equiv) Bu : Troc—N, ,O :
Bu NH, b 4AMS, TFE, -40°C, 24 h Ve H s7 :
g : B X
(S)-1a . :
_ 1.2 equiv e g
1.0 equiv
Benzylic C-H bonds
NHS NHS NHS
Me Bi
o oo cﬁ 10 o foaas
N\\S
89%, 84:16dr  88%,72:28dr  45%, 77:23 dr 66%, 71:29 dr 82%, 80:20 dr 83%, 82:18 dr 71%, 86:14 dr
OMe 99%, 75:25 dr NHS NHS
Me 98%, 78:22 dr Ul NHS 2N s
Ph  86%, 73:27 dr COMe X | A ~Me
Br 55%, 68:32 dr A~N | 9%
CFy 72%, 59:41 dr 0 MeO N A He
86%, 92.8 dr 79%, 90:10 dr 45%, 62:38 dr 46%, 81:19 dr 57%, 81:19 dr 56%, 73:27 dr_73%, 51:49 dr, 8:1 1
0 N Troc O\ N—Troc 0\ N—Troc 0\ N—Troc
NHS NHS NHS i ¥ Me ,\s",
Merd e HN HN HN™"Y1-Ad
1~Me ~ Me
Me 13% Me ~Me Me Me

97%, 76:24 dr, > 20:1 rr
(a) Science 2026, 392, 6796.

35%, 73:27 dr, 2.7:1 1

78%, 58:42 dr 75%, 65:35 dr 80%, 70:30 dr

93%, 76:24 dr

/4

59%, 74:26 dr



Ag Catalyzed Nitrene Transfer Asymmetric :;/7
Reaction % T Vel Radandi ol

Precise Synthesis Lob at Tengji University

(@) 2026,4 AgNT, (10 mol%) Troc=N. O

Y/,
~Troc H L4 (12 mol%) 7

. 1
tBu\‘é‘lto + q v\o F5sPhlO (2.5 equiv) _ Bu NH
NH

0
B N 4AMS, TFE, -40°C, 24 h Me

(S)1a it

B X

X 1.2 equiv
1.0 equiv

Other Activated C-H bonds
HS

o NHS NHS NHS NHS NHS NHS NHS
Me/\/\/\
< } Me : 7 NBoc
9% ‘\ 5% /fj Me\/\Me /\ o
[o} Ph’

AcO

"z

23%
50%, 70:30 dr, > 20:1 rr 77%, 69:31dr  86%, 63:37 dr 50%, 74:26 dr, 2.2:1 7 23%, 70:30 dr 30%, 73:27 dr 97%, 66:34 dr 98%, 67:33 dr

NHS
NHS NHS

: NHS NHS NHS NHS o) "
e M e
OMe Mi/le Me Me/]\ N NMe Me/]\ - n\/\Me Me)\ /\)I\Me &
o) 10% 28% % 21% ¢}

70% 79% 2% 75% 99% 70% 56% 45% 75% 34%
71 57:43 dr 55:45 dr 53:47 dr 53:47 dr
21 121 361 >20:1rr 35

(a) Science 2026, 392, 6796.



Ag Catalyzed Nitrene Transfer Asymmetric
Reaction

(a) 20264 AgNTF, (10 mol%) Troc=N, 0
oo H L4 (12 mol%) . Y
o 80 . r’\)\o FsPhlO (2.5 equiv) BU NH
BU" NH, i ZAMS, TFE, 40°C, 24 h Ve
(S)-1a e
i 1.2 equiv
1.0 equiv
NHS Me O MeQ NHS
A NHS NHS H
Me o Me
NHAc | 9%
F o | M e
By N e F
BocHN\)\Me Me Me Boc/ Me
repotrectinib precursor from celestolide from melatonin from ibuprofen
9% 95% 24% 50%
85:15dr 92:8 dr 83:17 dr 56:44 dr
Me NHS 5.5:1rr
NHS
Me Me NHS Me
N Me )\/‘\}\/\
Ve 1y Me OBz Me
Me Me
NHAc

NHS

from estrone
with (S)-1a: 44%, 65:35 dr
with (R)-1a: 50%, 22:78 dr

(a) Science 2026, 392, 6796.

from leelamine
with (S)-1a: 61%, 5:95 dr
with (R)-1a: 92%, 57:43 dr

from citronellol
70%
70:30 dr

from a-(-)-pinene
with (S)-1a; 73%, 937 dr
with (R)-1a: 80%, 95:5 dr

*., The Yang Research Group

Precise Synthesis Lob at Tengji University

from sitagliptin

with (S)-1a: 57%, (> 20:1 rr), 88:12 dr
with (R)-1a: 53%, (13:1 rr), 43:57 dr

Me
NHS

Me

from (R)-limonene

with (S)-1a: 82%, (1:1.5 rr), 84:16 dr
with (R)-1a: 80%, (> 20:1 rr) 95:5 (ﬁﬁ



Ag Catalyzed Nitrene Transfer Asymmetric

Reaction
(a) 2026,4 N/Troc
NH, b}
8=
B0 .
Me TfOH, PhOMe NH,
CHCly, 1t (S-1a

AgNT, ([10 mol%)
L4 (12lmol%)
FsPhIO (.5 equiv)
4A MS, TFE|-40°C, 24 h

“<, The Yang Research Group

Precise Synthesis Lob at Tengji University

Troc—Ng ,,O

~o w0y
- u
A NaH, Mel

1.2 equiv

-Me

Me

68%

5 \‘//

//_ Bu \NH DIPEA, DMAP DIPEA, DMAP Q’Bu “NH
o DMA, 80°C
©/'\Me DMA, 80°C Troo—,_0
3
B0 'NH
56% -
P|v—H O Me
sS/,
BUON PivC BrcN vl o
Et;N, DMAP 64% DMAP ¢
Me CH,Cly, 1t Zn-Cu CH,Cly, 1t By N
ACOH/MeOH, rt
6% Me
N
H Br HyN
FJC_O_N\ pel S ¢ B
— ‘S: | — By )\r \\ ,O 51%
AR B
") e Me Me” NCOOH By
36% Me Pd(OAc),, Xantphos EDC, DMAP, CH,Cly, rt Me g 121 ar
Cs,CO3, PhMe, 100 °C 77% then K,CO3, MeCN, 80 °C b, 1.2: .

(a) Science 2026, 392, 6796.



*, The Yang Research Group
Precise Synthesis Lob at Tengji University

(a) 2026,4 N/Troc H Troc—Ng ,,O
NH [ Sy~ Me

2 PR ) ra\)\o B N

Bu' X + 0 NaH, Mel
Me TiOH, PhOMe 2 (NP2, Me
CH,Clp, 1t (S-1a 1.2 equiv

AgNT, ([10 mol%)
L4 (12lmol%)

FsPhIO (.5 equiv)

4A MS, TFE|-40°C, 24 h

75%, > 99:1 er

9\\//

68%

>_ \w/
DIPEA, DMAP

, < B NH
DMA, 80 °C

DIPEA, DMAP
DMA, 80°C

Me Troc—N,, O
B0 'NH
56% " " 52%
e
P|v—N\S,,O
BUON PivC BrcN vell o
Et;N, DMAP 64% DMAP &
Me CH,Cly, 1t Zn-Cu CH,Cly, 1t By N
ACOH/MeOH, rt
6% Me
A HoN, 0
re— VK. o Sy N
— \‘S/: | — ’Bu‘ \\N )B\r \\ ,O 51%
AR B
") e Me Me” NCOOH By
36% Me Pd(OAc)z, Xantphos EDC, DMAP, CHyCl, 1t Me  36%, 1.2:1 dr
Cs,CO3, PhMe, 100 °C 77% then K,CO3, MeCN, 80 °C b, 1.2: -

(a) Science 2026, 392, 6796.
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Conclusion

C. - H activated
'SP

/
—alkene

\ "
unactivated
Cspa-H

Ag

Ligand ratio

o
atret

Ligand type

*, The Yang Research Group

Precise Synthesis Lob at Tengji University

/Csp3-N

—alkene

N _unactivated
Cepz-H

/Csps_Hacliva(ed

—aziridine
\C 3_Hunaclivated
sp
C..5-Hactivated
/ 'Sp3
—alkene

N
CepaN
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Proposal

*, The Yang Research Group

Precise Synthesis Lob at Tengji University

Fe(OTf),
Ligand Me Ph
4AMS
Me<__Ph o] N—Dfs
\n’ + DfsNH, + ____PhO H
MeCN
o]
Me.__Ph Ph
N~Dfs N=I" <—=— DfsNH,
L prd PhiO
o ]
nitrene transfer
Me.__Ph Bhi
o]
HE L
N-M L
Dfs N=M
Dfs’

Me
\n/ HAT

40






