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Background

e

v’ Start with known active compounds

Scaffold hopping< v End with a novel chemotype

v" By modifying the central core structure of the molecule

|\

\_.D Heterocycle replacement

Gisbert Schneider
COOH
HO
:\ —N
\N %7 \
0] /[\Ij O__N
Formal single-atom insertion
P ) E
N 3-fold increase in potency =
H N
1-3 1-42
IC59 =1000 nM =
11 1.22 50 IC50 = 380 nM
Fluvastatin Pitavastatin

8Prepared by traditional multi-step synthesis

[1] G. Schneider, et al. Angew. Chem. Int. Ed. 1999, 38, 2894-2896. [2] X. Bi, et al. Nat. Commun. 2024, 15, 9998. [3] S. Pang, et al. J. Am. Chem. Soc. 2026, 148, 3672-3680.4



Background

Traditional synthesis: Single-atom insertion:

C atom insertion
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— " N N
N : ©\/\> 1 step
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2. Single-carbon atom insertion into indole



Single-carbon atom insertion into indole

1964 Rees & Smithen

Me Me ClI Me .
N .\ H)<CI EtONa - Cl _HCl N Cl * limited to halogens
M - .
N CI” >Cl EtOH, 50 °C  Me | rearangement P « low yield
H H N Me
2-4
21 22 2-3 10% yield

2015 Bonge-Hansen

Me COOEt

Rhy(esp), (1 mol%) -
AN 2 2 COOEt .
R:_ij\/\> + )Nji Cs,CO3 (1.3 equiv.) N Br -HBr Rw poor thermal stability
= ~ R~ =~ R
N Br”~ “COOEt DCM. rt A ~N Me ZSN - limited to EWG
, I.t. N
2-8
2-5 2-6 2-7 8 examples

up to 98% vyield

[1] C. E. Smithen, et al. J. Chem. Soc. 1964, 928-937. 7
[2] T. Bonge-Hansen, et al. Beilstein J. Org. Chem. 2015, 11, 1944-1949.



Single-carbon atom insertion into indole

2021 Levin
. Via Cl
N B N=N Na;COs (3 equiv.) N Ar Me
| P N + )4 > RI_ P : X Ar
Ar Cl CH3CN, 50 °C = R
2-10 2-11 H
2-9 stable, isolable 26 examples 2-12
carbene precursor up to 83% vyield

®
N~ Me

2-11a 2-11b 2-11c 2-11d
64% 62% 59% 67%

2-11i
63%

M. D. Levin, et al. J. Am. Chem. Soc. 2021, 143, 11337-11344. 8



Single-carbon atom insertion into indole

2024 Peng Xu a) Detection of carbene intermediate

2
/
Iz _

H Br LiO'Bu (3 equiv.) N R’
o Ty
B R xylene, 140 °C NN

Me styrene (1 equiv.) Me R Br
P 2-17 HCFBr, (2.5 equiv.) F +
\ Me Li t .
215 N iO'Bu (3 equiv.) N/ M
213 2-14 41 examples H xylenes, 140 °C e
up to 87% yield 10 min
2-16 2-15a, 65% 2-18, 10%

b) Skeletal editing of 7-membered ring-fused indole

Me Me E Me
X
~
— N Me I~
N Me N Me

L) Br. F
E 2-17 HCFBr, (2.5 equiv.)
2-15a 2-15b 2-15¢ : N LiO'Bu (3 equiv) > O + U
72% 56% 60% ! N quiv: N S
. H xylenes, 140 °C N™ e
5 219 10 min 2-20, N.D. 2-21, 25%
F O F : | plausible mechanism :
i D 5 5 B “HBr |
N Ph 7 ' , ,
N >Ph ; Br. F :
: | Br, F Br. F |
2-15d 2-15e 2-15f | i P N\ nucleophilic
75% 51% 58% : E /\ [ F~ Br ] + /U attack A :
: 1 [ —_— N) - > b '
................... X . N H/ = N F :
! \| ' : H F H Br :
Br : H Ph : : Br !
— I ~ : ~ ' 1 1
N Ph ! N Ph N Ph ' U .
------------------- E 2) Br. F Br. F
2-15¢g 2-15h 2-15i 5 H,0 in air o
87% 56% 61% ! A > \ Cf? )
' = rt., 24 h =
N™ N hydrolysis N o
' 2-21 2-22,96% X-ray structure of 2-22
P. Xu, et al. Angew. Chem. Int. Ed. 2024, 63, €202317104. 9



Single-carbon atom insertion into indole

2026 Nagib

2-25 FeCl, (15 mol%)

AN Zn (3 equiv.) R
R@ + Cl A LiBr (2 equiv.) R N
- |
N CI” "R 2-MeTHF, 60 °C, 4 h NN
2-26
2-24 26 examples
up to 77% yield
Me Me
~ —
N N
2-26a, 77% 2-26b, 60% 2-26¢, 58% 2-26d, 54% 2-26e, 60%
Me HO TBSO AcHN
H o H H MeO H
~ — — — —
N Me N N N N
2-26f, 54% 2-26g, 66% 2-26h, 26% 2-26i, 71% 2-26j, 50%
Me Me Me Me O Me O
D CN Ph ./ N
— / ~ ~ ~
N N N N N
2-26k, 76% 2-261, 70% 2-26m, 40% 2-26n, 47% 2-260, 52%

D. A. Nagib, et al. Chem 2026, 12, 102968.
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Single-carbon atom insertion into indole

a) Role of Fe catalyst c) Plausible mechanism
Me M
cl cl metal catalyst © H
Lewi id
Ej\/\g ' CIXH T 2-25 FeCl,
N Zn, LiBr N
H 2-MeTHF halide |
2-27 2-28 2.29 exchnage cl Cl
u LA
)“J"\ v “Cl--ZnCl FeX,
Cl” "H CI“\\\H

Entry  Fe catalyst  Yield 2-29 Entry Lewis acid Yield 2-29

1 FeCl, 7% 1 Cu(OTf), 5%
R
2 FeBr, 53% 2 AuCly 0% Fe-catalyzed
©\)NVL C-insertion R™ "FeX
3 Fe(OTf), 48% 3 AICl, 0% H Int2
Int4
4 FeClj 27% 4 In(OTf)3 0%
5 FeTPPCI 0% 5 BF3°Et,0 0% (2+1)/ a-elimination
Cl~
b) Validated intermediates @ FeX “FeX
~__ 7
R R oL o
Cl_Cl -
Standard conditions H
©\/\g + )4 > a~-chloro iron carbene, Int3
N ci~ H FeCl, P
H N
indole R=H,8%
R=Me, 77%

R ClI
H
R =H, Me N detected by HRMS
H 11



Single-carbon atom insertion into indole

2023 Ball 2024 Song Song
B Ar E
Ry | XN
= IJ\rl/ ) Ry~ P _
é1 Cl N Ar
2-32 2-34
R"=Bn, Me, Ar Condition A
45 examples 24 examples

up to 98% yield up to 72% yield

= H_ Br it
N=N 365 nm LEDs pYa Condltlor;\l A .
ArXCI DCM/PhMe (1:1) B~ “F |15-crown-5, NaO
2-33 Etzo, r.t.
2-31

SN
/N

R
) J——

)\ \Me
N Ar 2-30 R \©\

Rh,(esp), 2 36 Me+ )J\ oTf Rha(esp);

N32CO3 Na2CO3

DCM, r.t. Me DCE, 0 °C to r.t.
2-38

SN CF3
TN (e} \W/ rIL
R L =
= = Ar N

N
2-37 2.39
"to exarmpies. 61 examples
up to 97% yield up to 8% yield
2024 Glorius 2025 Wenyong Han

[1] L. T. Ball, et al. Angew. Chem. Int. Ed. 2023, 62, e202305081. [2] S. Song, et al. Chin. J. Chem. 2024, 42, 1128-1132. [3] F. Glorius, et al. ACS Catal. 2024, 14, 13343-1335

2024 Song Song

\\F

R
2-35
Condition B
12 examples
up to 57% yield

H><Br Condition B
Br F | TEBAC, ag. NaOH
2-33 p-xylene, 70 °C

CSzCO3
THF, r.t.

2-41

FG = SOZPh, CN, PO(OR)z, alkyne, SO2NR2, SIR3

56 examples
up to 98% yield

2025 Sharma

[4] W.-Y. Han, et al. Angew. Chem. Int. Ed. 2025, 64, e202501966. [5] I. Sharma, et al. J. Am. Chem. Soc. 2025, 147, 13824-13832.
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Single-carbon atom insertion into indole

X.

Bi, et al. Nat. Commun. 2024, 15, 9998.

2024 Xihe Bi
Condition A Condition C
ondition
X NaH, Tp®*Cu(CH3CN) H TBAF, DDQ or air 1
R@ . NNHTfs  PhCFs, 60 °C, N, N R THE. 25 °C NS R
N‘TBS R K Condition B R Condition D AN
NaH, TpB®Ag(thf) IBs CsF, H,0 (20.0 equiv.) 245
. i} PhCF3, 60 °C, N, 2-44 DMSO, 25 °C or 40 °C, air
2-42 2-43 without isolation 7 examp!es
up to 98% vyield
[ Fluoralkylative carbon insertion
NNHTfs MeOOC CF,H
R m < m Ty @\/j*
R = F/CF3/H
Condition A + C 2-45a 2-45b 2-45¢c -45d
86% 84% 97% 60%
E] Defluorinative carbon- atom insertion
NNHTfs HFRF
Fon+1C
nx2
Condition A+ D -45e -45f 2-45g
98% 81% 79%

NNHTfs

F3C H
Condition A+ D

C Defluoromylative carbon-atom insertion

cy

2-45h 2-45i
78% 88%

-45]
68%

NNHTfs

R H
Condition B + C

[}] Other functionalized carbon-atom insertion

Ph
I :l /I
N

2-45k
88%

2-45n

87%

13



Single-carbon atom insertion into indole

a) Detection of the reaction intermediates
H H
MeOOC = c CsF (1.2 equw) CsF (1.2 equiv.) R N CHO
- 3 H,O (20 equiv.) H,O (20 equiv.) N \@\/j/
=
R N H DMSO, N,, 25 °C, 10 min DMSO, air, 40 °C, 5 h N
TBS
2-46 2-47,40% 2-48, 42% 2-49, 80%
b) Experiments to probe the source of the hydrogen atom incorporated in the product
o (o)
%%D D - TBAF (1.2 equiv.) 80%D D b CF CsF (1.2 equw) 85%D D
CF; D,0 (20 equiv.) | 3 H,O (20 equiv.)
N M THF, 25°C, Ny, 10 min N DMSO, air, 40 °C. 5 h > 4% D
TBS H
2-50-d 2-51-d, 90% NMR yield 2-45h-d, 97% yield
65% D D D H H
R CF, cr,  CsF(1.2equiv) 90%D D 0%Db D O
| + | H50 (20 equiv.) - AN D
N N DMSO, air,40°C,5h / 34% ~ 0%D
H H N
2-47-d 2-51 2-49-d, 96% 2-45h-d, 90%
c) Experiment to validate the process of imine-enamine tautomerization d) Probing the source of the oxygen atom
80% D H D 30%D 10% H H F(1.2 i 18
H D TBAF (1.2 equiv.) Tol . : Cfg (1.2 equiv.) Q
~To| _ | THF/air CF3 H,"°0 (20 equiv.) N
o > Tol : > H
Y THF, 25 .C . 25 °C, 10 min N H DMSO, air _
N N5, 10 min | LI'BS 40°C,5h N
TBS D 40%D
2-52-d 2-53, 98% NMR yield 2-54-d, 97% 2-50 2-45h-180

14



Single-carbon atom insertion into indole

e) Plausible mechanism:

©j\> NNHTfs
N
\ RF,C H
TBS :
2-42 2-43
[Cu] NaH ‘
H)J\CFZR TpB3Cu(CHZCN)
Int1
H H
a CFZR TBAF or CsF
N H H,O
TBS
Int2
180
HF elimination
\ -
_ AG”* = 5.7 kcal/mol
N
2-45h

(1) NaH, TpB3Cu(CH3CN)
PhCF3, 60 °C, N,

(2) TBAF/DDQ, THF

or

CsF/air, DMSO/H,0 2-4523

X

Int8

180H

oxidative DDQ
aromatization | (R = F)

H (F
(_F
tautomerization |) R
N}
H
Int4
CsF/DMSO-mediated HF
formal 1,3-H shift 1804
AG” = 3.1 kcal/mol N/
Int7

2-45e

CsF/DMSO/H,0

formal 1,3-H shift
(R =CFj)

AG” = 2.6 kcal/mol

base/air

HF elimination _

Int5

1,4-Michael addition | CsF/DMSO/H,'80

AG” = 6.2 kcal/mol (R=F)
H F
G F
HF elimination | ) 180H
#*
AG”™ = 22.4 kcal/mol N

I
H
Int6

15



Single-carbon atom insertion into indole

2026 Siping Pang

R1:—\ A\ . o2 . NHLHLO C(+)|Pt(-),3.0mA _ N R? i Mechanistic studies:
S ~N R*~CHO 2Ma*h2 H-Cell, LiCIO,, O, R !
H MeOH, TFA N . a) Deuterium labeling experiment
2-58 5 " Me
2-55 2-56 2-57 68 examples ! © C (+) | Pt (), 3.0 mA D 89% D
up to 72% vyield E A\ & (CD0), + NyHeH,0 o _ X
! 2= 242 H-Cell, LiCIO,, O, P
Me OMe Me Me Me H MeOH, TFA, 12h N
H N Cl N1 FsC o 2-59 2-60 2-57 2-61, 62% yield
~ _ — ~ |
N N N N ' b) Hydrazone using as reagents experiments
2-58a, 67% 2-58b, 58% 2-58c, 65% 2-58d, 48%
| Me Me
Me ipr Me Me ' A\ + PrNNNH C(+)|Pt(), 3.0mA -~ o T
| 2 :
H H F H Me H ! N H-Ce”, L|C|O4, 02 _
X : H MeOH, TFA, 12h N
— |
MeO,C N N/ N/ Me N/ Me | 2-59 2-62 2-63, 40% yield
2-58e, 47% 2-58f, 65% 2-589, 47% 2-58h, 47% 5
! Me Me
: C (+) | Pt(-), 3.0 mA
Me Me Me Me ; ©\/\g + Bu”SNNH, H((; |II L(.(;O — Bu
: -Ce i [ 4, 2
= = = — ! - - - i
N N N NT Me 2-59 2-64 2-65, 40% vyield
2-58i, 53% 2-58j, 45% 2-58k, 38% 2-581, 31%

S. Pang, et al. J. Am. Chem. Soc. 2026, 148, 3672—-3680

16



Single-carbon atom insertion into indole

c) H,0, detection experiment

Peroxide Test Strip

d) CV experiment

2.5 105
2.0%1051
1.5% 10

1.0x10%1

Current (A)

5.0x 101

0.04

2-59 Me

o

0.80v) "

20

anode

e) Plausible mechanism

cathode

2-66 O,
R__H
I te
N. _H <« R-CHO + N2H4°H20 .
Int1 N 2-56 2-57 2-67 O,
H +
\ 2H
+2e
= Yy . 2-6_7. H 2-68 I
T ML R_H 0;" ——— +OOH H
Ny o
Int2 Me Int3 Me R 268 2-69 Me R
y Ly ey
N N (HAT) N
H H H
2-59 Int4 Int5
detected by HRMS
[Ox]
Me Me R
R H* *
Fearrangement
- N
N H
product Int6

17



Single-carbon atom insertion into indole

2025 Xihe Bi

1R R N
R@ TIL\IHTfS 2-72 (1 mol%) N Ifc(F ) T O_"Lh
| + g I ’
” R CF, NaH (4 equiv.) {;(Nj Ph/@

NaBArF (5 mol%)

PhCF3, 40 °C, Ny, 24h 2-73 = Ph 4
2-70 2-71 up to 99% yield 2.72
99% ee )
Ph Ph Ph Ph
Cl I (0] M
~ — — —
N N X N N
2-73a 2-73b 2-73c 2-73d
86% vyield, 97% ee 98% vyield, 96% ee 90% vyield, 98% ee 65% vyield, 98% ee
Me CF; OMe

Br Br Br
(L Jer Ly (L e
~ ~ ~
N N N

2-73e 2-73f 2-73g
98% vyield, 90% ee 70% vyield, 94% ee 97% vyield, 90% ee 84% vyield, 90% ee

Mechanistic studies
S
a) TBAF (2 equiv.) Br Ar (5)
. CF,
NNHTfs H Ar(s) THF, 25 °C P

Br z
2.75 PR Br : N
\©\/,\> CgH4'Bu-4~ “CF, WCE” (S)-2-77, 99% yield, 96% ee
: H - |
N

TBAF (2 equiv.)  (68% D) H/D

YES  Rhy(S-3,5-diBITPCP),

\ A
NaH, NaBArF TES D,0 (10 equiv.) Br ~ rCF
0.74 PhCF3, 40 °C, 24 h 2-76, Ar = 4-BuCqH, ) ,
95% vyield, 93% ee THF, 25 °C N/

X. Bi, et al. Nat. Chem. 2025, 17, 215-225. CCDC 2350447 2-77-d, 93% yield 18



Rh,oL 41"
b) Plausible mechanism antio- [Rhol 4] pp
(Energies are reported in kcal/mol) Rate- a“d.e step
dete‘-m'\ﬂ\ng
1H- indole . - 0A ltl/
AGT = 1
* * TSZ-R’ _x = 11_8 H
N2 haL 4 N haL 4 TSZ'S’ G Int3
Ph CF _
3 TS1,AG* =8.8 Ph CF; TS3-R', AGF =225
Int1 Int2
Ph i H Ph
@ =\ TS4R,AGH=186 “CF,
Rh,L” <
2-4 H A\ N H
1H- indole N |rt 4
TS6-R, AG* = 3.2 H 2-78
D H S, AGT = Na'] Ph
Ph TS6-S, AG* =3.9 9
"CF3 ; :
~ NaOD D20
N
(R)-2-79
c) More hindered
F 3C Ph More hindered
~ Ph ol
. O-TRh
Ph :' <\ |
O—TRh Fort
interaction

si-face

si-face

re-face

(S)-Rh carbene
Int2

19



Single-carbon atom insertion into indole

2025 Suero

2-81

2-86

2-82 (1 mol%)

-

Pr,EtN (1.5 equiv.), DCM/PhCI, r.t. @ N

2-87 (1 mol%)

-

Cs,CO3 (1.3 equiv.), DCM, -78 °C

[1] M. G. Suero, et al. J. Am. Chem. Soc. 2025, 147, 24206-24212.
[2] J. L. Gustafson, et al. ACS Catal. 2026, 16, 6067-6076.

oW

COAr

2

N
2-83
38 examples
up to 98% vyield, 99% ee

2-88
20 examples
up to 98% vyield, 98% ee

Bu
H 0
0”7 o
Me \/ //
>:O-Rh—Rh—O
Eero 71 7
2-82

2-87

Via

* chiral centers
* chiral axis
2-84

Via

20
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3. Single-nitrogen atom insertion into indole
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Single-nitrogen atom insertion into indole

1987 Kumar
3-2 PhthNH, g
. _ Phth
3-3 Pb(OAc), N=Phth Nk
3- NaH, DMSO
\ DCM N N/)
SOzPh SO,Ph
3-1 3-5 3-6
20% yield
2022 Morandi
R TN PIFA (4 equiv.) NN
N +  NH,COONH, ~ Rqr y
\ MeOH, 0 °C for 10 min = N/
TBS thenrt. upto4h 3.9
3-7 3-8 40 examples
up to 99% yield
|m MeOOC Y NC Y MeO Y MeO,S. : ~/\\N
/ ~ ~ ~ —
3-9a, 74% 3-9b, 66% 3-9¢, 39% 3-9d, 63% 3-9e, 66%
Plausible mechanism
.
3-8 NH,COONH, 5 f /’Ph
N PIFA — N° 'Ph
R_:(j\/\> .‘3_10 (I@ 'Phl R_| X NN
|
Z N BET N
TBS TBS
3-7 3-11 39

[1] P. Kumar, Heterocycles 1987, 26, 1257-1262.
[2] B. Morandi, et al. Science 2022, 377, 1104-1109.

22



Single-nitrogen atom insertion into indole

2023 Morandi

N PIFA (5 equiv.) NN Via
R N LIHMDS (5 equiv.) R N /I1Ph
(A +  NH,COONH, - TUAN A NN
H

MeOH, 0 °C to r.t., 30 min R
3-9 Z~N
312 3-8 14 examples H
up to 87% yield 3-13

2025 Sharma

X Via
R@ + ,84<j>*No2 PhCI, 120 °C, 2 h R YT SN SAr
Z N N g A % Sa v
Ol “ "
3-16 5

3-14 3-15 22 examples
up to 95% yield 3-17

2026 Sharma

Via
R N NOz  blue LEDs (440 nm) Y7 N _SAr
= N + N/S » | _ /) XN N
H N

1 DCM, r.t., 6 h R_:
Ph—S—Ph Z N
NTs 3-20 4
3-18 3-19 12 examples 3-21

up to 98% yield

[1] B. Morandi, et al. Org. Lett. 2023, 25, 8419-8423. [2] |. Sharma, et al. Science 2025, 387, 102-107. [3] I. Sharma, et al. Chem 2026, 12, 102753. 23



Single-nitrogen atom insertion into indole

2024 Ackermann Plausible mechanism:
anode |I
| |
R TN GF (+) | Ag (-) N
+ NH4,OAc > o
= N 4 NaOAc, MeOH, O, I ) Me base-H*
TBS ° - ) o .
CCE@ 2 mA,0°C 324 N\ NH,OAC 3-23 0O, — «OOH +e
3-22 3-23 35 examples N 3-27 3-28 3.27 O
0, : \ - 02
up to 75% yield TBS
-e 3-22a
Me Me Me Me Me
" NH,  3-25 TBS TBS
¥ Cl N SN Cl Sy @ N o SN NHs . N NH,
N/) N/) F N/) cl N/) N “ N '
TBS Me base base-H* Me
3-24a, 62% 3-24b, 47% 3-24c, 72% 3-24d, 47% Int1 Int2 3-26 O, Ints
Me Me Me Me Me
Sy q MeO .. BnO Q 3.27 0; <y 2t
) N N N TBS TBS TBS
N N/) N/) N/) N N | nucleophilic attack N_ NH>
N N NH, = >
3-24e, 75% 3-24f, 62% 3-244g, 55% 3-24h, 49% Me base-H* base Me Me
Int6 Int5 Int4
O o 0 -OOH 3-28
Sy © (. On Mo (HAT)
(0]
N 2 / )/ 3 26 3 27
: @ ~N ﬁ» product
3-24i, 39% 3-24j, 38% 3-24k, 42% N ) N)
\ +
TBS TBS TBS
Int7 TS1 Int8 Int9 —

L. Ackermann, et al. Angew. Chem. Int. Ed. 2024, 63, €202407384. 24



Single-nitrogen atom insertion into indole

2026 Won-Jin Chung

H 3-30 ‘BUONO (1.2 equiv.) NO N
o N AgOTf (20 mol%) . g N N 3-31"BugP (1.6 equiv.) R R_Ej \j
A / 1,4-dioxane, rt., 2 h Ly 80 °C, 2 h 2\
3
3-32
3-29 without isolation 28 examples

up to 83% vyield

: :N : :N Me : N : : :N : :N
N N N N \
N Me N Me N N N OTBS

3-32a, 71% 3-32b, 73% 3-32¢, 61% 3-32d, 64% 3-32e, 81%
— ~= = ~ —
N OH N CO,Me N CO,H N MeO N Me
3-32f, 26% 3-329, 72% 3-32h, 26% 3-32i, 68% 3-32j, 80%
N\ Me N Me N Ph N Ph MeO N NHAc
N N N N
F;CO N Me F N Me NC N Me N Me N
3-32k, 79% 3-321, 83% 3-32m, 46% 3-32n, 46% 3-320, 72%

W.-j. Chung, et al. Nat. Synth. 2026. https://doi.org/10.1038/s44160-026-01046-z 25



Single-nitrogen atom insertion into indole

a) Nitrene-trapping experiments

Standard conditions LLb/Ph

/
pd

X
N > /
@ Trans- | cis-stilbene N ©i2
or @ y
Me 1,1-diphenylethylene

3-10 equiv.
3-33 (X = H) (3-10 equiv.) Me

2a (X = NO) Not observed

b) Crossover experiments

N

Ph
Ph

Cr A,

3-32a
Mainly observed

et O, OO, - S OO
> + + +
1,4-dioxane, 80 °C, 2 h 15N/ Et N/ Et 15N/ Me N/ M

"*NO NO 3-35-15N 3-35 3-32a-15N 3-32a
N N 95% 83%
+
/ / 3-35-1°N : 3-35 = ~55: 45 3-32a-'5N : 3-32a =67 : 33
Me Et 15NO 15NO NO
2a-15N 3-34 N
¥ /
1,4-dioxane, r.t.,, 2 h
Me
3- 34-15N 3-34 2a-15N 2a
21 26 : 35 : 18
c) Kinetic study via variable time normalization analysis
NO 3-31 "Bu,P
©1'> (1.6 or 2 equiv.) Symbol  [2a](M)  [3-31] (M) [xs] (M) o
Y o rate = k [2a]"[3-31]
1,4-dioxane, 50 C 0.39 0.63 0.24
Me in situ IR monitoring Kops = 0.97 ™
2a 3-32a O 0.39 0.79 0.40 Kops, Obesrved rate constant
JAN 0.31 0.79 0.18

[xs] = [3-31] - [2a]

[2a] (M)

[2a] (M)

04 4 Zeroth order in ["Bu,P] @ ["Bu,P] 0.63 M
§ o ["BuP10.79 M

0.3 -

02 -
0.1
0
Time (h)
0.4 4 &, First order in [2a] : {::} g?‘;m
0.3
0.2 4

0.1

0 T T T T
0 0.1 0.2 0.3 0.4

T[2a]'At
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Single-nitrogen atom insertion into indole
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4. Summary and outlook

Content
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Summary: single-nitrogen atom insertion into indole

C2-C3 bond insertion:

a) Via nitrene
X

Rm - [2+1] cycloaddition RL\ N Rearrangement Rm
g Nb ' N_X " A N \‘.+ = N/

® = H, TBS, SO,Ph

bbbt Oxidant-required -------------------- mommesesemeooooooooooos Oxidant-free ~---------------------1
5 : O,N :
5 5 >\:> NO, 5
PhthNH, NH,COONH, N’S NO, _S |
. Pb(OAc), PIFA | N 5
! : / Ph—S—Ph ;
: ; NTs 5
I Kumar (1987) Morandi (2022) . Sharma (2025) Sharma (2026) E

b) Via single electron oxidation

AN | ~N AN
RIL A\ R—. NH,OAc NXYTSN
| = R-+
then rearrangement Z N/

\ SET
TBS TBS

Ackermann (2024)

C3-C9 bond insertion:

s
2
Iz _
©
O 5;

PR3 - - X N\
> R_'
Y L /]
N-nitrosation Transient Conserted insertion N

3-nitrosoindole without discrete nitrene 30
Chung (2026)



Outlook

Ring-forming then reorganization strategy

R
® Many examples
N >

b Single-carbon atom insertion

R
AN
=
N
mr{ Only few examples ©\/j ©\/j\
> or
N Single-carbon atom insertion NT R N

o

@ Poor functional group compatibility
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Outlook

1. Ring-opening then reorganization strategy

_____________________________

CuBr (10 mol%) R2 ! E
R? Ligand (15 mol%) | ow><(o |
Na,CO3 (10 mol%) 0 ! | \ I
\ R1 > ! N N '
N THF, O,, 50 °C NH : 5
H (2022 Hai Ren) P | By ‘Bu;
o~ R A Ligand
up to 93% vyield
| AN
N

T

R_(jf\> [Ox.] [R:—\ 0] —‘SingIe/double/triple—carbon source R X

| - —_

- T e
oéI\H

2. Insertion of other heteroatoms

R'—\ A\ Single-atom insertion into indole R X R X
I/ N >~ ! — = ! — =
H

H. Ren, et al. Org. Lett. 2022, 24, 3358-3362. 32
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