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1.1 Background

Anomeric amides: N,N-bis-heteroatom-substituted amides

0
)OL Versus L
R” N < > R™ “NH,
/ \
X Y
X,Y: halogen, OR', NR?R3
anomeric amides normal amides
/ 0 CO,umo \ / O COrumo \
)J\ poor overlap )J\ O-. Nuomo
Me” N . Me™ “NH, 0 ¢ B .H
ct’ oMe @’(0) & NHowmo 0 C—N:
Me/.\N’ Me/. .\
C-N: 1.432 A ol “ome C-N: 1.370 A <o N
\_ sp’N -/ \_ J

average C-N: 1.480 A, C=N: 1.350 A.

Anomeric interaction: lone pair stabilization

‘l G*N X 7 ‘\
XQ @ E \\‘\;\ n
“ry \ . Y
o 2) LNy -+
N-X X
Y ON-x -H-
Glover, S. A. Tetrahedron 1998, 54, 7229-7271.

Glover, S. A. J. Org. Chem. 2012, 77, 5492-5502.
Glover, S. A. Molecules 2018, 23, 2834. 4



1.1 Background

) ) 0 -
aminonitrene precursors L electrophilic reagents
N
/ \
X Y
X,Y: halogen, OR', NR?R3
[N]* synthon . [N]" leaving group
Nu: :
o )% : Y o %
>N o1 : R~ ) 'OR N-/oR1
R /\ : - SN
(os : X &*
O:< 1 Nu: 4
R2 : sp? to sp? re-hybridization
i X* precursor
Nitrenium ion precursor i
o_ OR'
. C >=N
09 -05 -01 03 07 ! R
v O’+ : v
0 : - 0
S R =Ar : Driving force PR
R™ °N | R™ °N
A Hammett plot - /\
PivO OBn : X OR’
X = Cl, Br, NO,

Baran, P. S. Nat. Chem. 2024, 16, 1539-1545.
Besset, T. Angew. Chem. Int. Ed. 2026, 65, e25799. 5
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2.1 Anomeric amides as aminonitrene precursors

: O
2021 Levin, M. D. P
Ar” N PhCOBN_ | i~ ~pgz | - N=N HBHB J<H
~n Reductive o Homolytic 1 2
/N OBn HReducti ‘N . R TJ R
R ) elimination extrusion
R2
Nucleophilic | _5.oH Q
substitution N (AA-0)
A O/ \OB
c n
H R g R R
THF, 45 °C
Secondary
amine
M602S ‘ ‘
Z N
v NTs N~ “CF, Z
49% 55% 55%
N X Me
S 7N Ph Ph
NIPZ OCF3 N~ CF3 :l = | *
. N
Ph Ph
Me Ph
58% 58% 72% 81% 62%

Levin, M. D. Nature 2021, 593, 223-227. E



2.1 Anomeric amides as aminonitrene precursors

Evidence for the aminonitrene intermediate
@]
~ N
P AA-1 N . Ar” N N
SN - SN IS |via ) | /' \
Ar” N =~ A" N = G PivO OB
H THF L : \\) FiC iv n
AA-1
Ar = 2,6-dimethoxyphenyl 61%
Radical trapping experiment
e NN AA-1 Ph Ph Ar
Ar N Ph > Ar/\/ + ph/\/ + Ar/\/
H THF
1 2 3
Ar = p-chlorophenyl Intramolecular Intermolecular
product product
Me
No additive = 93:4:3 (1/2/3) Me R = Ph, Ar
+ 1 equiv. TEMPO = 100:0:0 (1/2/3) R/\O/N TEMPO adducts observed
Me Me
Radical clock experiment : He e A
/, - A | H -
Ar/\”/ I' BT AT 7 w )
Y Looilok <)
R I
R=H 30% Not observed R=H k=108 s
R =Ph 20% 19% I R=Ph k=10"s"

Levin, M. D. Nature 2021, 593, 223-227. 8



2.1 Anomeric amides as aminonitrene precursors

2023 Lebold, T. P. 0
(@) NHBoc /O)kN
1. [If(dF (CF3)ppy,dtbbpy]PFg A
TFA . NHB K/ p B
A 4A MS, DCE, 60 °C NI NHBoc F\C ivO O rl
Nk

R Me Blue LED, MeCN, rt
iy then TFAA, PONET RN 2 NaOH, MeOH, it
H NN B0 0°Clort R or NH; in MeOH, rt H
Phenyl 6-Membered Heterocycles
= MeO N \/N \N N N

A. Ennamide yield (%) 48 45 63 71 66 55 83 44

B. [2+2] yield (%, d.r.) 49 (6:1) 75 (5:1) 87 (5:1) 52 (6:1) 80 (7:1) 76 (6:1) 68 (7:1) 65 (10:1)
C. Deprotection yield (%) 79 91 86 82 97 76 96 70

D. BCP yield (%) 32 28 26 47 52 28 44 30

Halogenated Heterocycles Fused Heterocycles 5-Membered Heterocycles
CI\ENJ/LL%‘ J/;N/T(‘EL <INJ/HL mﬁ’i Me_N,\N/j‘l‘L (]/i& Ve 4(/\”/‘771'\/'6 4@‘%
N B X N N N S S o-N
SEM

A. Ennamide yield (%) 37 72 47 40 56 57 50 22

B. [2+2] yield (%, d.r.) 79 (5:1) 35 (10:1) 57 (10:1) 80 (10:1) 77 (5:1)  72(7:1) 53 (7:1) 512
C. Deprotection yield (%) 86 60 82 52 98 99 93 95

D. BCP yield (%) 61 35 60 29 41 39 (35) 26

Lebold, T. P. J. Am. Chem. Soc. 2023, 145, 10960-10966.



2.1 Anomeric amides as aminonitrene precursors

)
2025 Ociepa, M. N’”O o . . DBU (1.1 equiv.) /RZ
R N EtOAc, rt 1 7
PivO OBn R
R2 F3C
AA-1
Me NTs
Ph Ph Ph Ph Ph
Z Z / Me Z Z o F
Ph Ph Ph Ph ’
53% 89% 75% 75% 35% \ 80%
a) Isolation of HERON byproduct b Reaction with radical scavenger
N-O _ ') N-O. TEMPO (2.0 equw
| o AA-1 (1.3 equiv.) Ph | o AA-1 (1.3 equiv.)
Ph Ph DBU (1.1 equiv.) _ + OBn Ph Ph DBU (1.1 equiv.)
EtOAc, rt = EtOAc, rt
Ph F,C
87% 95% W/O TEMPO: 87%
with TEMPO: 85%

c) Proposed reaction mechanism
BnO OP|v 0 retro-(2+2+1)

)b / N
o) SN N m o Nz f+ o
/‘N,\g: /‘\2: O PIVO BnO J§2: HERON /‘\2: J\gzo /
R1

R2 A RZ
Detected by HRMS r

Ociepa, M. Angew. Chem. Int. Ed. 2026, 65, e18256. 10



2.1 Anomeric amides as aminonitrene precursors

2021 Levin, M. D. o
AN
FsC PivO OBn

R-NH, - R-H
MeCN, 25 °C

e O QT X
e \ N O N
O,N N vH BuO,C O/H"e Fg

Me
88% 55% 65% 81% 63% 94%
Radical Clock Experiments TEMPO Trapping M
e
Me
AA-1 JON
NH, AA-1 H H R—NH, R™ N + R-H
MeCN
XN Ph XN Ph + Ph
MeCN TEMPO Me
Ph Ph Ph Me
k.=4.9x10"s™ a b
7% 41%
o 0 ) (/\N/\/\NHZ NH, /©/NH2
NH —
@ ? AA-1 @[ N o™ e Me
O/\/ MeCN o/\/ a-primary a-secondary aryl
k,=8x10°%s 43% a 61% a 54% a
0% 72% 0% b 0% b 1% b

Levin, M. D. J. Am. Chem. Soc. 2021, 143, 17366-17373. 11



2.1 Anomeric amides as aminonitrene precursors

Deuterium Labeling Experiments

/\N/\/\NXZ ART /\N/\/\HID
] _
X5 Solvent X,
X=H MeCN-d; 0% D
X=D MeCN 63 9% D
X=H 96/4 MeCN/D,0 73+9% D
X=D 96/4 MeCN/D,O 101 +4% D

N N
R@ 243kcam /\

Anion Probe

MeOzC COzMe M602C

H,N H
98%

H
AA CO,Me MeO,C. | Me
e AR

MeO2C
not detected

Nitrogen Radical Clock

A YERNN
. —_—
Ph ‘NH, Ph H

74%

Ph
Y
H Y
Y =NR, O
not detected

Possible H-Atom Sources

Non- Chain

Initiation |

8.4 kcal/mol

N\ °
R ONO / \ N
lsodlazene

20.4 kcal/mol N
N OBn -N OBn
R R

alkoxyhydrazine

Levin, M. D. J. Am. Chem. Soc. 2021, 143, 17366-17373.
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2.1 Anomeric amides as aminonitrene precursors

2023 Levin, M. D.

R—NH,

2024 Wang, H.

R—NH,

2025 Levin, M. D.

R_NH2

AA-1

CBr,/0,/RS-SR/P(OEt)s

MeCN, 23 °C

AA-1, [Cu]

Y

MeCN, 425 nm, rt

R-X X = Br, OH, SR, PO(OEt),

45 examples

75 high-throughput screening datas

R_CF3

38 examples

AA-1, DABSO
EtsN, THF, rt [RuCly(p-cymene)], (15 mol%)
then, NH,OH HCO,H/Et3N, H,0, 100 °C

Levin, M. D. J. Am. Chem. Soc. 2023, 145, 17-24.
Wang, H. Angew. Chem. Int. Ed. 2024, 63, €202319030.
Levin, M. D. Nat. Chem. 2025, 17, 1247-1255.

O
N
A
F4C PivO OBn
AA-1
B 9
=N §Fs
CU_CF3 N
="N'¢F PiVO OBn
73 F3C
[Cu] AA-1
O
\ // N
. _S_ _0OBn /'\
via R 'Tl E.C PivO OBn
R_SOZNHZ COArF 3
AA-1
26 examples

48 high-throughput screening datas

13



2.1 Anomeric amides as aminonitrene precursors

2025 Wang, H.
H Q 1 N
RT _N_+_A
| N Me)LN b NG DABCO _ L r [[ j
R" “R2? AN THF, rt R2 O N
PivO OBn DABCO
AA-2 triazene-1-oxides
33 examples
2025 Levin, M. D.
R" R2 R" R2 R? R? o
1 3 1 3
g9 SUTYS TN By S B fY fY @Aﬂ\
3 > 3 + .
N R THE, 85 °C NG® R Sy -NH NN FaC PvO OBn
11
Ng H AA-1

28 examples
N-atom insertion product

Wang, H. Chem. Sci. 2025, 16, 6458-6467.
Levin, M. D. J. Am. Chem. Soc. 2025, 147, 28179-28188. 14
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3.1 Anomeric amides as electrophilic reagents

0 0
2024 Baran, P. S. P P
Ar IN\ Ar IN\ X = Cl X = Br
. ACA' 3OA° ABA'; 4OA° ‘BUOCI: 21% AcOBr: 11%
] ] NCS, AcOH: 7% Br,, AcOH: 30%
Ar = p-NO,Ph Palau'chlor: 16% NBS, H,SOy4: 0%
[X]*, 60 °C DCDMH, AcOH: 5% NBS, AcOH: 36%
> TCCA, TfOH, HFIP: 27%  DBDMH, m-NBSA, HFIP: 7%
AA-3, MeCN: 52% AA-4, MeCN: 79%
X
N FsC Cl
=N Cla~Me
N cl A\ NEAN |
L S N )= MeO,C~ "N~ “OMe
MeO~ N M N CN

72% (1.34 9, 77%)
Palau'chlor: 28%
NCS: 60%

B H o

N\/< Me

HO™ “cF,

88%
NBS: 55%

Baran, P. S. Nat. Chem. 2024, 16, 1539-1545.

92% (1.07 g, 90%)
Palau'chlor: 6%

Br
N Cl
N T
\N \ N
Me

82% (X-ray)
NBS: 25%

89% (X-ray) (1.12 g, 87%)
Palau'chlor: 4%

—

N

N / N
\
Br S)\Me

67%
NBS: 54%

86% (8:1)
Palau'chlor: 17% (8.2:1)

Br yZ Me

-

MeO,C N OMe

91% (>50:1)
NBS: 81% (4:1)
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3.1 Anomeric amides as electrophilic reagents

Mechanistic Experiments

>/t>
f\
\/Z
b
Y

Chlorinating agent fYN\N

Cl N
Cl

71% with AA-3
13% with Palau'chlor

(Experimental)

O CI~N

N J
AN
o BAc MeO,CHN~ “NHCO,Me

O,N
AA-3 Palau'chlor

AG =-29.0 kcal/mol AG = -25.6 kcal/mol

AAG = 3.4 kcal/mol more downhill for chlorination with reagent AA-3

Calculated N-CI dissociation energy
+

cl _ Cl
\lN N
MeO,CHN~ “NHCO,Me MeO,CHN

AAG = 22.0 kcal/mol less uphill
for AA-3 over Palau'chlor

Y

NHCO,Me

0 0
N R . .OAc
[ T,
0,N Cl OAc O,N Cl
AA-3
C-N:1.43 A C-N:1.32 A

C-N bond shortening indicates the formation of C-N multiple bond
Energy gain by anion delocalization to the carbonyl group

Baran, P. S. Nat. Chem. 2024, 16, 1539-1545.
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3.1 Anomeric amides as electrophilic reagents

N , , Boc\N/OMs
1
2024 Kurtl, LaSZIO. R )I( X =ClorBr R'I X ?OC
N
ZJ\ - ZK( ~
R R DCM, rt or 60 °C R R OMs
B
R = H, 84% Br Boc
Gl Boc = 4-Me, 88% /\)\/
N. = 4-CO,Me, 61%
= OMs 2Me, b17%
R = 3-OMe, 55%
= 2-OMe, 80% R =H, 79%, (1.46 g, 74%) X =ClI,41%, d.r. >20:1 X =Cl, 43%, d.r. > 20:1
= 4-NO,, 75% = Br, 38%, d.r. > 20:1 = Br, 58%, d.r. > 20:1
Regioselectivity Syn & anti addition
Boc\N,OMs )CI\/I?OC WCl Cl
N : Me
VS S ! +
R)\/CI R OMs . O: _Boc (:[ _Boc N/Boc ON,BOC
| | |
2,1-addition 1,2-addition OMs OMs OMs
(generally not observed) '
Radical clock experiment 1 CI)Ms
Cl (o] N.
B Boc
oc Ms
N OMs
N | (I)Ms | (I)Ms |
> "Boc + N. + N. + Cl
DCM rt Boc Boc
Cl
1 2 3 4
35% 21% (4.7:1:1.7; 2:3:4)

Kurti, LaszI6. JACS Au 2026, 6, 521-533. "



3.1 Anomeric amides as electrophilic reagents

Radical clock experiment 2 Proposed route for the generation of the amidyl radical
. MsO.  _Boc 36.4kcal/mol  MsO. Boc .
: N .7 \N/ + R/\/CI
}—<> : cl N-CI homolysis *
MsO\N,Boc Ph (I)MS
| > |
Cl DCM, rt ' MsO. _Boc 29.8 kcal/mol MsO. _Boc . _N—Boc
: n * RO a Chloronium TS ) ¢ RO cr
o . via Chloronium * <
0% ¢l polar-to-radical crossover c Me/\‘
MsO.  _Boc . Chloronium TS
/A,,,/ o] N , MsO_  .Boc . Cl
e LA UG T A N
! >~ Ph ! Cl .
Cl DCM, rt negligible quantity
. 76%, E/IZ = 9/1 Proposed radical chain reaction with the generated amidyl radical
) i | Ms0.__B
| sO., . .Boc
wo. e S &L (" = TNl o
sO. . .Boc — X : Cl N
l}l . Boc | R + MsO\N,Boc R OMs R)\/ “OMs + MSO\N,BOC
Cl DCM, rt N . . .
Cl OMs
40%, d.r. =2.8:1

Kurti, LaszI6. JACS Au 2026, 6, 521-533. .



3.1 Anomeric amides as electrophilic reagents

2025 Glorius, F.

IAr
> /d 24 examples
Ar—H R
| ClH
- N 6 examples
(IJI
5 /N\OT Cl ?TS —‘ Rz/\
PN oc s " N\Boc > J\/N/>\R2 12 examples
DCM, rt _ R
Formal nitrene
precursor
2025 He, L.
Cl o
o ' or 3 3
2 Boc/N\OR3 RQ "9 R \
1 R
R N‘Boc or N‘Cbz / R?
DCM, rt DCM, rt N
H
26 examples 9 examples

Glorius, F. Angew. Chem. Int. Ed. 2025, 64, €202418141.
He, L. Org. Lett. 2025, 27, 14156-14161. 20



3.1 Anomeric amides as electrophilic reagents

2025 Baran, P. S.

AA-5 or 1°N-AA-5 H H

Y

Rl Co cat., PhSiMeH, $R3 . I
/—\ 02N R2 or 02 N R2

R2 R3  TBHP, 'PrOH, rt R’ R

31 examples

Mechanistic Experiments

Rl [L,Co'"-H] L,Co'" H L,Co" H
7=\ > —
R2 R3 MHAT R1 R2 R3 R1 R2 R3
radical-polar AA-5 radical pgthway AA-5
R! R2 = crossover More likely
O (CH2)oNTs(CH)), v +
H R3 = (CH,);0H L,Co H NO; O,N H
N Intramolecular R'"R2R3 | polarpathway R'R?RS
Ts etherification Less likely

not observed

Baran, P. S. Nat. Catal. 2025, 8, 457-464.

CF; O

CF4 NO,

AA-5

CF,4 NO,

AA-6

21
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4.1 Summary and Outlook

| E— Y
N-Acyloxy-N-alkoxyamides

O

N

R N
/ \
PivO OBn

\ amine

AN
{Fﬁ fﬂ RZ] aminonitrene

:N:
R' N_+ Ar
/. SN RN
R’ R2 N 'T'
RZ O
R? O
RZJ\FG \N/NH

As deaminating or aminating reagents

Glover, S. A. Aust. J. Chem. 2023, 76, 1-24.

tolerate various substrates
without light and metal

mild reaction conditions

reactivity control
radical coupling or dimerization products
deaminating or aminating products

mutagenic toxicity

O
)L DNA
R IN'a Su2 adducts
PivO OBn

Optimize the structure

23



4.1 Summary and Outlook

N-X anomeric amides

As electrophiles reagents

bench-stable solids
high reactivity and regio- and chemoselectivity

safe for gram-scale batch reactions

more types of electrophiles
almost all of them are Cl and Br

l

F, -CF,, -SR
o .8
RykN\””X C* Source
Nui\/‘c

24
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Thank you for your attention.

Shiwen Fan
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Appendix

Computational Mechanism
Method: DLPNQ-CCSD(T)/def2-TZVPP-SMD(MeCN)//B3LYP-D 3/def2-TZVP-SMD(THF)

c .
’ (kcal/mol)
Me~ Me_~ N.::-N (D e :
D 1 :
oof 13,1 A 185 27 : PhCO,Bn
giss § =6, c A
’ Chain < : v
T15-C-D Propagation TS-D-R E','
AGY =484 Gt=+17 ‘
AG =-53.8 AG =-275 : :
H 0
J TS-C-E MB)ICD =
N =N -==-0Bn
Mev@*Ne AGY = +24.3 Ph)l.‘“ g

N—
H
c aG = +19. y R W
Initiation Termination N -Me

Levin, M. D. J. Am. Chem. Soc. 2021, 143, 17366-17373.

1
PhCO,Bn ) g \ l’barri‘eﬂess)\‘ - -
e R NG ae =-1007 1S.B-D
: (‘é‘ 2.15 N ~ AGE = +25.3
E P AG =-59.5
+ .
- 0 B 5
0 0 M oen '
M08 L. e 0
Ph L Ph N. '.NVMB )L
: H=N’ "OBn )I.--"' > Ph” N
1] ~
N, . (>N ©Bn
L H™ CEt Et H IR .
Ts-AC'P A TS-A-B Me H B
AG* = +7.6 AG =00 AGH = +20.4 ~
AG =-21.7 (defined) AG =-16.0

26



Appendix

| 1

H
+ |
N - Ny - initiation : 1 —— _.-Na Ne &
. L ., [o\:(w . iT» Ny
— ArCO,Bn &

HAT S.,..H NR, S. .0OBn
Y T e ~— 7
SQD COArf
; N D D — PivOHNR, 4
c IIE.r"-l'1'i5f:‘:a .\:l/ ~N lNHa-[H]

Levin, M. D. Nat. Chem. 2025, 17, 1247-1255. 57



Appendix

Ji§
H HN™ "R
o 2 \‘RUW/
OR
RPN 7 DoR?
H (B)
1
R "NH,
[RuCly(cymene)l, —HCOO | gy L—Ru'-OR?
HNEts (A) (C)
HCOO~
CO2 +
HNEt
R20™ ————— R?—OH
L—Ru'-CO,H

(D)

Xia, Y. Org. Chem. Front. 2021, 8, 112-119. o8



Appendix

rl"roposed Mechanism i
R R R
o/ko H 0 Ao 0 /Ko
H +
| I K | |+ -H |
Rh=———Rh-=--3» N—OEWG —P» Rh——Rh==N OEWG : Rh Rh=N + HOEWG
| | | | | . +H | | .
<o\|/o> R (o\‘/o> (OYO>
R . R 3 R 3
EWG (Electron-Withdrawing Group): A B
2 4-dinitrophenyl or p-toluenesulfonyl
electrophilic TR nitrenoid v
arene v/ . | \ olefin /—/
amination RZ R aziridination g R*
N NHR R
e | N N R'
AN
2 R’ "
L. R R Yy

Falck, J. R. Science 2016, 353, 1144.
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