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The ways we make molecules...

bond formation, step by step structural reconstruction

addition, substitution C-H functionalizations (late-stage)

elimination, cyclization, etc. ring expansion/contraction




Can we edit ring structures directly ?
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piperidine piperazine azepane

saturated ——>

carbon cycles

O L O

I
R

pyrrolidine morpholine

Structural reconstruction for molecular editing



Proposed late-stage modification

C-H
activation
- 2,
OMe
o N
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HN—/ ©
/ 'tBU \
Aromatic Ring
reduction | contraction
/ Skeletal

rearrangement




SZEI AR R ML

Classical name reaction
B Beckmann rearrangement

Me Me

Me\

Ty
iy,

HONH,*HCI, KOH (ag.)

1. MsCl, EtzN, DCM, -25 °C, 1h

MeOH, reflux, 3h 2. DIBAL-H, DCM, -78 °C, 8h ()\/j
\ N
Y H

B Demjanov rearrangement

1. LIAH4/Et,0

AcOH
TMSCN/CH,CI reflux, 1h NaNO,
- > OH ————»
18-crown-6/KCN OH  2.H,0/NaOH 0°C, 1h
95 °C, reflux, 6h CN then reflux

NH,

B Favorskii rearrangement

THPO ”\ ”\

Me 1.5 equiv. MeONa

Me
H -
> Me
» THPO —
Me— MeOH, 10min *, ~OMe o
. r
0] Me (ID Me H 0
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1. 1 TE R ELRIREECT TR

General strategies in C-C bond activation

Strategies 1: Relief of ring string

B C-C bond activation in strained rings.
Il 2 g \]tl )]\M/\ —— various products
n=1or2

Strategies 2: Proximity effect of DG

B Unstrained C-C bond activation assisted by permanent DGs.

Cﬂ M] | /_\ /—\ c
—_— [M] oG or | —_— |

© PG L [M] DG FG DG

B Unstrained C-C bond activation enabled by temporary DGs.

v 1
X X X X
7
~— % Vil —~
installation Cc-C Removal
c in situ C activation FG in situ FG



1 TE R B IECRRRERT MR
Diercting groups in C-C bond activation

B First example of permanent DGs (1981 Suggs)

X X
- Rh(PPh)sClI | N 6 atm H,C=CH, _ N
DCM, 40°C [RN(C2Hy4)2Cll2
Rﬁ) O benzene, 100°C Et 0]
R = alkynyl

B First example of temporary DGs (1999 Jun)

10 mol% Rh(PPh);Cl

Q 100 mol% DG Q
J\/\ Z 0 > JI\ /\R2
R1 RZ 150 ° C, 48 h R‘l N p3
M
7 | ©
NS
N NH,
DG
via [
M Me
T e e .
N N N N
NI N N N 'R3 N N NI N
R' Rh R "Rh R "Rh R? Rh
I\rH I, \H I, \H I
X
R2 R?
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1. 1 TE R ELRIREECT TR

C-C C-H cascade strategy
O SN Metal catalyst Dq’_lN
DG | Oxidative adiition \ )\
R - M
Ny _— -

(3b— R ( TR Reductive elimination

n

n=1,2

B Dong’s strategy: merging unfavourable C-C activation with C-H functionalization
O

5 mol% [Rh(C5H,),Cl], 25 mol% ‘DG O
10 mol% IMes, 10 mol% TsOH H,O
H

50 mol% H,O

@]
X
C
Dioxane, 140°C, 48 h Me Me

\

Major Minor
T 66% yield (major/minor > 10:1)
<Y 7 Q @
N
\ —
N
N” "N \ Q
IM
- ) Yen =
[Rh] ~ — -
.. L. [Rh]
H C-C activation C-H activation
H

C.
N NH,

Dong. G. et al., Nature 2016, 539, 546—-550
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1.1 TEERECHBRERRECT RN

Regioselectivity

B Dong’s strategy: merging unfavourable C-C activation with C-H functionalization

o)
1 5 mol% [Rh(C,H4),Cllp, 25 mol% ‘DG

o 0
2 5 10 mol% IMes, 10 mol% TsOH H,O (\
H
50 mol% H,0 Z
Dioxane, 140°C, 48 h Me Me

Major Minor

T 66% yield (major/minor > 10:1)

\j

7
\ z A
< N |
N N\ \
N N
[Rh] AV RE
C-C activation C-H activation [Rh
H
A X
N N N N
. |/ |
C-C activation [Rh] C-H activation [Rh]




1.1 TEERECHBRERRECT RN

Scope of substrate

5 mol% [Rh(C2H4)2C|]2
10 mol% IMes, 10 mol% TsOH H,O

/
50 mol% H,0, Dioxane, 140°C, 48 h

Y

Me
Condition B: 50 mol% DG, 150°C Major Minor
Para-substituted Meta-substituted Ortho-substituted
(0] (0] (0] (0] (0]
MeO z
Me |
NS
N NH,
Cl
t
Me Me Me Me Me DG
1 75% (>10:1) :54% (>10:1) B: 63% (>10:1) :70% (3.5:1)
B: 71% (>10:1)
O
O
Me,,
. —_——
Ph
Me
from oestrone
B: 30% (6.0:1) B: 47% (3.8:1)

Dong. G. et al., Nature 2016, 539, 546-550.



1.1 TEERECHBRERRECT RN

Opposite regioselectivity

B Cyclohexone: more chanlleging than cyclopentanones

0 @)
0 distal 5 mol% [Rh(C3H4),Cll,
» ;é 5 15 mol% IPr, 20 mol% MeSOzH (\
> Me
Ph 100 mol% 2-amino-6-picoline, 20 mg MS 7
Me Dioxane, 150°C, 48 h Me Me” Me
34% yield not observed

ipr Pr
[ A
NN | _ Dong. G. et al., Nature 2016, 539, 546-550.
g Me” N7 NH,
Pr iPr
IPr

2-amino-6-picoline

B C-C activation of cyclopentanones at distal position

O
5 mol% [Rh(C,H4),Cll
10 mol% IPr, 10 mol% TsOH-H,0, 10 mol% H,O 19 examples
- S Me )
50 mol% 2-amino-6-picoline, 10 mol% pyridine . 6-92% yield
Dioxane, 150°C, 48 h .

Dong. G. et al., Angew. Chem. Int. Ed. 2017, 56, 2376-22380.
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1.1

>,

o)
é + AB(OH), ——

serrulatane
skeleton

Me OH
Me
H
Me"
Me Me

(1) leubethanol
previous:11-13 steps
Perkins & Luo

(2) seco-pseudopteroxazole
previous:14 steps
Li

B R RO BRBRBIE LT A S M

Synthesis application

(3) pseudopteroxazole
previous:15-22 steps
Corey, Harmata,
Luo, Li, & Hu

Me
4 *
C-C/C-H
Z 1
cascade |_FG
—
N

O (R)-a-tetralone

B Promising biological activitity
antimalarial, anti-inflammatory, analgesic, etc.

B Synthetic chanllenges
1. Nonpolar stereogenic centers
2. 5 or 6 substituted benzene

(4) pseudopterosin (5) pseudopterosin
G-J aglycone A-F aglycone
previous:10-21 steps previous:16-30 steps

Corey, Sherburn, Luo et.al Broka, Corey, Mccombie et.al,

Dong. G. et al., Angew. Chem. Int. Ed. 2020, 59, 7848-7856.
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1.1 TEERECHBRERRECT RN

Retro-synthetic analysis

Me
1 0* FG
A Aggarwal Me
; r s . 1)* FG
Cyclodehydrogenation | _ Lithiation-borylation DA
D 4 * 5 Me ) |
. =
BR 4 * Me
Me” 1113 2
| " OCb
Me Me MGA/E\
amphilectane serrulatane Me Me
asymmetric
reduction
asymmetric Q C-C/C-H Yl £G
Br N FG 1,4-addition cascade q A
| /S e 4 Fw —=o | -
+ \/\ /
Z Me | 4 Me
Z Me o

Dong. G. et al., Angew. Chem. Int. Ed. 2020, 59, 7848-7856.
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1. 1 TE R ELRIREECT TR

Total synthesis of leubethanol

"BuLi, Et,0 Lt OMe

B(OMe), (MeO) 3B@

o)

o,
\l\:> H,0 OMe

5 mol% [Rh(C,H4)-Cl]»
10 mol% IMes
10 mol% TsOH-H,0, 50 mol% H,O

5 mol% [Rh(C,H4)-Cl]»
3 mol% (S,S)-Ph-bod
1,4-dioxane, 50 °C, 5 h Me

87%, 95% e.e.

Me OMe

50 mol% 2-aminopyridine
1,4-dioxane, 150 °C, 48 h
Me
95% e.e.

[Rh], PyNH,

C-C, C-H cascade

Me
(0]
76%, 92% e.e.

T T

Py PY~N
N/ \Rh 5 \ I
N H k Ol\/|e
MeO Me Hji;\l\/le

proximal C-C cleavage distal C-C cleavage

Dong. G. et al., Angew. Chem. Int. Ed. 2020, 59, 7848-7856.
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1.1 TEERECHBRERRECT RN

Total synthesis of leubethanol

Me OMe Me OMe Me  OMe

RuCl(p-Cymene)

(R,R)-Ts-DPEN CbCl, Et3N

Et;N, HCO,H DCM, 65°C
Me Y Me Y Me
o} 1 OH 2 ocb 3
92% e.e. 93%, 7:1d.r. 91%, 8:1d.r.
99% e.e.

SBuLi, TMEDA
then (S)-borane _ NaSEt \
then TBAF DMF, 140 °C
80%
BM92
Me' |
4 Me” “Me 5  66% (1) leubethanol
(S)-borane 6 LLS steps, 29% overall yield

previous 11-13 steps

Dong. G. et al., Angew. Chem. Int. Ed. 2020, 59, 7848-7856.
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Cut and sew method

Metal

oxidative addition

R
-

,

A=B

1) migratory insertion

R
y

2) reductive elimination

B Application in the synthesis of fused or bridged cyclic molecules.

A X

o ?M"

Rh
—_—
o

¢
X WX
v A

) LJ

’-_-\ 1—\
1 \IR A

AN X -
P P
R? ©
m=A
‘\
X
| R'
7
(P
R2
(0]
R1 1 ' R2
N J

A
/
c

B
\
C

Dong. G. et al., Acs Catal. 2017, 7, 1340—1360.



1.1 EERECRIRIGEEN 7 IHARN

C-C activation of Isatins: [5+2-1]-type transformation

[ ®
N _N
R 5 mol% [Rh(cod)Cl], H R2
H\ ‘% 0 \
© -CO
N\ R2 ’Il (@]
R R
M Selective C-C vs C-H functinalization Dong. G. et al.,J. Am. Chem. Soc. 2015, 137, 1408—1411.

Two-carbon ring expansion of 1-indanones

5 mol% [Rh(C5Hy4),Cll,

o 10 mol% IMes e
20 mol% TsOH+H,0 |
% + —_— o (0] Z
100 mol% N NH,
100 psi 100 mol% H,O DG-1
THF, 150 °C DG: temporary directing group
M restricted to ethylene B high pressure
Dong. G. et al.,J. Am. Chem. Soc. 2019, 141, 13038—-13042.

CF3

5 mol% [Rh(C5H4),Cl], Et

Et
10 mol% MeIMxy CF3 Me

O
. 20 mol% TsOH-H,O a
% + Et———=Ft > (0]
75 mol% DG N/ NH
100 mol% H,0 DG.2 2

MeTHF, 140 °C

Dong. G. et al., Angew. Chem. Int. Ed. 2021, 60, 20476-20482.
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1. 2 BHENSNBRBGEECT RN

Catalytic ring expansions of cyclic alcohols enabled by PCET

R 0]
HO ~= 3 mol% [I(dF(CF3)ppy)a(5,5'-d(CF3)bpy)]PFe R
40 mol% PBus*CF3CO,-
. mol+7o Uy 3 2 . n+2
X blue LEDs, 35 °C X
n=6,7
’ R = H, alkyl >-alkylated
6- to 7- membered ring » aly cﬁc?ic Jli:tsne
selected scope
Starting material Product Starting material Product
] HO ]
=
o\
HO —
~ NBoc ~

NBoc Boc Boc
92% vyield
>20:1 dr 70% yield

O \ R
HO
IS Me
HO, ’11
~Boc Me
NBoc N N~
Boc |
Boc

48% yield 45% vyield

Knowles, R. et al.,J. Am. Chem. Soc. 2019, 141, 8752-8757.
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HO,

n

n=5,6,7
5- to 7- membered ring

Starting material

Ph
HO_ ,~~

BocN NBoc
__/

Me
Me

OH

Ph

1. 2 BHENSNBRBGEECT RN

Catalytic ring expansions of cyclic alcohols enabled by PCET

3 mol% [Ir(dF(CF3)ppy)2(5,5'-d(CF3)bpy)IPFs 0 i
25 mol% PBu,*CF3CO5, 5 mol% TRIP-SH R
blue LEDs, rt n+1
X
R =Aryl, EWG a-alkylated

Product

e} Ph

BocN NBoc
N—
82% vyield

Me
Me

Me : (0]

N
h
7% yieﬁi
>20:1dr

cyclic ketone

selected scope
Starting material Product
Ph 9
HO ]
Ph
o o
74% vyield
o]
HO . Me O Me
o
NBoc
NBoc
66% yield

Knowles, R. et al.,J. Am. Chem. Soc. 2019, 141, 8752-8757.
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1. 2 BHENSNBRBGEECT RN

Catalytic ring expansions of cyclic alcohols enabled by PCET

proposed mechanism
\ R
CF3CO, %
n
1 X *l /JJJ- )
\/ \/ Photoredox y
RCEl RCEl catalytic cycle Ir
/ X
R
n+2
X
5
2
lﬁ-scission 4
O
G R
R =H, Alkyl
———
Xﬁ
3 H
Knowles, R. et al., J. Am. Chem. Soc. 2019, 141, 8752-8757.
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1. 2 BHENSNBRBGEECT RN

Catalytic ring expansions of cyclic alcohols enabled by PCET

proposed mechanism

-0
s

AN *|plll

m Photoredox
catalytic cycle

PCET PCET

TIRP-S
CF3COOH
CF;C0O,~
TRIP-SH
0
n+1
7 X

Knowles, R. et al.,J. Am. Chem. Soc. 2019, 141, 8752-8757.
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1. 2 BHENSNBRBGEECT RN

Ce-catalyzed formal cycloaddtion of cycloalkanol with alkenes

2 mol% DPA e
COzEt 4 mol% CeCl3
mOH JI 8 mol% (n-Bu),PCl com
’ HMe
MeO,C CO,Me PhCN, blue LEDs, rt
then p-TsOH, A CO,Me
selected scope
[4,2,1] [3,2,1]
o0 o_ 0 o, 0 o, 0
O N
~ ~— N~
CO,Me MeO,C MeO,C Cbz HCOC
Me CO,Me CO,Me CO,Me COCH;
69% yield, 1.4:1 dr 61% yield 75% yield 86% vyield
OH CO,Et
trichloroacetyl chloride 1. Zn/AcOH
Me ’ o > + |
84% 2. NaBH,
81% Me MGOZC COzMe
Q o QO o
> MeO,C H N
standard condition Glu
0, . N N
61%, 1.2:1 d.r. MeO,C Me i Me

Nepalactone A

Zuo.Z.etal.,J. Am. Chem. Soc. 2018, 140, 13580-13585.



1. 2 HHENT S

=\

LLI

*

WY,V VNG

ge,

-scission

0 OH
@) +H*
S CO5R &
CO5R
2 A R
8 R

R R

Proposed mechanism

ceVel,

[Ce'] ©) SET

ANV

ce'lcl,,

annulation

7 CO,R

+H*

Zuo.Z.etal.,J. Am. Chem. Soc. 2018, 140, 13580—13585.
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1. 3 EHZARIT A R BL

Cyclic Ether Diversification

B High stability

B Stuctural linkers & PG B Surrogates for sensitive chemical groups

Metal oxidative addition Carbene insertion

EEA\ 0
“ -\\—O\ —|s %—M—OR—» “ N—rc [ ]

ooz R = S ==
1 2
- _al R\/R
o : o) ~ -
° SNi | Ba(pin) ~B(pin) © |
> > R’ R’
sp?, allylic or benzylic C-O bonds Strained cyclic ethers or allyl ethers
Yorimitsu, N. et al., J. Am. Chem. Soc. 2016, 138, 15315-15318
B Alkyl ether: Harsh & Strongly acidic condition Develop mild method to edit alkyl ether !

28



1. 3 MBI I R L

Boron insertion into alkyl ether

M
€ LB 5 mol% [Ni], Zn

UB\;&
Me Me

Toluene, 60 °C

Me/o\©\ : :O\B/Mes
(0)

Bu Bu
.-~ _0O Mes N y
/ S~ Y
> ! N N
v N
‘el Ni
B Br

Cat: Ni(4-Bu-Py),Br,

: :O~B/Mes
(@)

80% 80%
80%
(o) (0) (0]
X o) Bn
S_M_ Ph/ \/
Ph
O\B/Mes O~B/Mes O\ X‘ Mes
- OO0 O SRR G ST
Ph HO
69% 52% 46% X=0,N 52%, alkyl = Bn

Dong,G.etal.,J. Am. Chem. Soc. 2021, 372, 175-182.
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1. 3 IRHMZHFRIT I L

Boron insertion into alkyl ether

Me Br

. EO> iy 5 mol% [Ni], Zn SN
N Toluene, 60 °C ‘\
- Me Me ~--

Y

0 Br\?/Mes . 3
|: | > Np” es
[ ° id ik ©ij
Z
-~
Mes Qe
>/ [Ni°]

[Ni'1Br \<
Mes /[Nl"]Br

|
I\I/Ies C—O cleavage cycle gr C—B rebound cycle C()[Nl"']BrH
~B< B/Mes

\ o
(0]
(0]
@jr C(/T\
—_— H

30



1. 3 EHZARIT A R BL

Boron insertion into alkyl ether

B Rapid access to cyclic boronates
g

B “O to N” editing

standard
—_—
condition

=C

[Ni], Zn, PhBBr,

r

then MeOH
n=1, 2

B One-carbon ring expansion

standard O\B/Mes
condition >
O. _OMe
o |INil, Zn, PhBBr, g7
@:} then MeOH
R
[Ni], Zn, PhBBr, -

2
g 4
W

then MeOH

C(O:l_:,/wles H,O/MeOH C((j/o"'
_—

80%
R
O.__OMe N
(T g (s
KHF,, MeOH
then RNa, SiCl,
45%
. OH 0
LiCH,CI PPh, DIAD
—_— —_—
then oxid. OH
49%
O— ) i
LiICHCl,, ZnCl, NI pinacol O BFin)
» o —
then MeOH
\ 65%
OH
LICHCI,, ZnCl, PPhs, DIAD OR
> OH — >
then oxid.
R

Dong, G. et al.,J. Am. Chem. Soc. 2021, 372, 175-182.
31
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2.1 Bt # e Nz

Stoichiometric decarbonylation of diynones

m Driving force m Still chanllenging

AS : CO extrusion AH :strong M-CO bond activated substrates, stoichiometric metals
O
Rh(PPh3)sCl e RhCI(CO)(PPh
—_— l———R2
4 % (PPh3); R R (CO)(PPhg3);
R? R? 8 examples 8-93%
first examples

Muller, E. et al., Tetrahedton Lett. 1969, 10, 1129-1132.

Stoichiometric decarbonylation of cyclic ketones

0
toluene
Rh(PPhj3);Cl - RhCI(CO)(PPh3)3
reflux, 8 d
Ph Ph
57%
0]
PhCN
Rh(PPh3);ClI _— RhCI(CO)(PPh3)s
reflux, 3 d
20%

Murakami, M. et al., Nature 1994, 370, 540-541.

34
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2.1 ERENXRIGEI T

Rh-catalyzed ring contraction
B Driving force: more stable product.

N/ N 10 mol% [Rh(coe),Cl],, 20 mol% PCy; Me

| " > + Et
150 °C, 1h, then H*/H,0

82% yield, 76:24

| )

. ~ Me
> | . - s Z
N N N/ N Reinsertion N N N
L — | L TN
[Rh] H—[Rh] [Rh] [Rh]
A Me Et
M
A 5
| — 10 mol% [Rh(coe),Cl],, 20 mol% PCy;
N N > Me
I 150 °C, 1h, then H*/H,0
21% yield

Jun, H. et al., J. Am. Chem. Soc. 2001, 123, 751-752.
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2.3 JeEM IR ZRIARIGEIA R L

Piperidine Diversification

Peripheral O

C-H Activation N

General strategy

Nu
{ X/Fq (_\(/
+
- N >
I '}l R1
R

R

Quaternary ammonium

Skeletal { \ O
N

| |
R NHR R
Ring contraction Expansion

Deconstruction of cyclic amine

Deconstructive halogenation

Sarpong. R. et al., Nature 2018, 564, 244-248.
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2.3 JeEM IR ZRIARIGEIA R L

Rearrangement to peperidine ring contraction

MeO
MeO Me t-BulLi Me
CO,H > COH
N B Strongly basic conditions MeO 2
MeO Piv B Limited scope (2 examples) NHPiv
Seebach, D. et al., Helv. Chim. Acta. 1993, 76, 2640-2653.
Norrish type Il photoelimination & Aldol cyclization
o) Me HQ Me
0 T 7 meo_
MeO BN ¥ > N
MeO' OMe a-Dikentone required MeO®
B Limited scope (carbohydrates)
OMe OMe
(0] Me

MeO

Y

MeO*"

Suarez, E. et al., Angew. chem. 2008, 120, 9049-9051
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2.3 JeEM IR ZRIARIGEIA R L

Photomediated ring contraction of saturated heterocycles

=PG © =Anyl

=
¥
N 0 ~ > ‘\N
| 400 nm LED H
o 0.2 M Benzene o)
|
l Excitation Mannich
H N - O — 1,5 Abstraction —= NN « OH _ Fragmentation —» X X _OH
I I I
o [ [
Il 1 I\
Potential challenges
Il o ] \Y,
| HO,
L, .
> H
N -0 9
| N 0
® vil Vil
Norrish | Norrish -Yang Further photo reactivity
Prominent in dialkyl ketone Slow ISC, Unfavorable conformation Intramolecular H-bond

Sarpong. R. et al., Science 2020, 373, 1004—1012.
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2.3 JeEM IR ZRIARIGEIA R L

Substrate scope

=
T o
> N
N 400 nm LED H
* 0.05 M Benzene 0
N-protecting group Aryl ketone
R PhO,S
N H N H
R Ph 7 ~Ph PhO,S 3
R = SO,Ph 84% (20:1d.r.) R’ = p-Naphth 75% (1.3:1 d.r)
R=Ts 79% (12:1d.r.) R’ = Thiophenyl 56% (10:1 d.r.)
R = Boc 23% (20:1 d.r.) R = Me 25% (2.2:1 d.r.)
Scope of heterocyclic core
Ph Ph
¥ (@]
: Ts
‘ Ts o N
g © \H | Y 4
| Y Ts  Ph Ph
Ts  Ph o7 Ph 0o
33% (10:1 d.r.) 66% (3:1d.r.)
i
HS 0] HO
Ph Ph g7 ~Ph

Ph

o
83% (20:1 d.r.)

75% (20:1 d.r.)

41



2.3 JLIEILIBMZIFRIYE

5
9
|
PhO,S O
PhO,S—y
H o)

g J
O
39% (3.2:1d.r.)
Drug molecule derivatization

AR

Applications
Ph
-
o) N\/J% o]
0]
T

O
H
o N
Y N
H
O _Ph

24% (3:1 d.r.)
Peptide editing

Asymmetric contraction variant

(0]
Wi e
* S~
o CO\ //O . % . J§ltl/ Tol
<
N o’ “OH : N\ F
I 0]
Ts Ph Ph }_{ \
(R)-TRIP-CPA
Chiral Phosphoric Acid ot

Sarpong. R. et al., Science 2020, 373, 1004—1012.

Q
(@) ~0
/\vi \ )v
(@) ® # (@)
= ©) =
) )

Me><0“ .
Me o '\O Ph
14% 0
Sugar Editing

76% (20:1 d.r))
92:8e.r.

42
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2.4 BIRFIEIR RN

Curtius rearrangement

o] ) .
)]\ (PhO),P(O)N3 . KIZN heat R—N—C=0 N Amine, Carbamate,
R OH DPPA R \,_N.,/\J -N, O Urea derivative
General N-atom deletion strategy
C C Y C
Reagent -N,
n NH —_— n N—N: —_— n-1 —_— n-1
Cc Cc Cc
1,1-diazene Ring contraction pdt
Rearrangement of sylfamoyl azides
1,1-diazene
Bn_ _R
Bie R NjSO,N, Nig N, -SO, Bn R N, Bn
e oD - | V| =
29 % s
H NZ Curtius-type N R

rearrangement

Lu,H.etal.,J. Org. Chem. 2017, 82, 4677-4688.
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2.4 BIRFIEIR RN

Nitrogen deletion of secondary amine

(0]
Bn ~. Bn Ph)k N"
N ' Ph
‘Y —_—
|L| ac! “0Bn PN

Anomeric amide

N.S. | -AcOH In-cage radical
coupling
I
(0] H
)]\ . -PhCO,Bn Bns B - N=N )
Ph N, —_— | —_— Ph” ° Ph
B”\N/ “OBn RE. N Homolytic 2 r
\ extrusion H
Bn 1,1-diazene

B Two benzylic stablilizing element was necessary

Me
Ph y P Ph oh
Ph Ph ®
Me
72% 81% 62% 44% 86%

Levin, M. et al., Nature 2021, 593, 223-227.



2.4 BIRFIEIR RN

N-atom deletion in heterocycles

c N3SO,N; c N, c
n NH > n N—N: —_— n-1 ~ — n-1
C C C C
N+1 N—SOZN3
C 1,1-diazene N-atom deletion pdt

Scope of sustrate
©:\ N53SO,N5, DBU, rt, DCM ©:>
NH BUOLi, 120 °C, dioxane
o)
(O O L OO
iPr

80% 80% 80% 29%

)

61%

\

80% 34%

B One benzylic stablilizing element was still necessary.
Lu, H. et al., Angew. Chem. 2021, 133, 20846-20851.
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