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Contractions on Saturated Rings
Carbonyl Removal

Favorskii Rearrangement (1892)
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Contractions on Saturated Rings
Carbonyl Removal

Cubane Synthesis: Eaton 1964

0
B
A 25% KOH
& -
\ 55%

1. SO
2. 'BuO! wr 3
98% (2 steps)

3.150 °C, DIPB, 30%
cubane

Current Org. Chem. 2005, 9, 1713-1735.; JACS 1964, 86, 3157-3158.; ACIE 2017, 56, 350-353.; ChemRxiv. 02 August 2026. 10.26434/chemrxiv.15006905/v1.; ACIE
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Contractions on Saturated Rings
Carbonyl Removal

Oxidative Ring Contraction of a-Formyl Ketones (Zhang & Gao & Xie, 2017)

alkyl

H,0,, EtOAc H* transfer migration
—_—

rt, open flask (favored)

Pe -HCO,H
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1975, 14, 32-43.; Helvetica Chimica Acta 1979, 62, 1493-1496.




Contractions on Saturated Rings
Carbonyl Removal

Skeletal Editing of Ketones by Azide-Enolate Cycloaddition-Rearrangement (Furkert, 2026)

Ph

o N oK o~ alkyl
KO'By, 0°C, 3+2] N oM migration
S E— —_— A _—
30 min NgPh © N, p..HN)kQ

96%
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1975, 14, 32-43.; Helvetica Chimica Acta 1979, 62, 1493-1496.



Contractions on Saturated Rings
Carbonyl Removal

Wolff Rearrangement also fits this category
Countless applications to total synthesis including Oppolzer’s synthesis of isocomene (1979)
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Contractions on Saturated Rings
Nitrogen Removal

Seebach (1993)
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Helvetica Chim. Acta 1993, 76, 2640-2653.; Science 2021, 373, 1004-1012.; JACS 2024, 146, 5580-5596.; JACS 2025, 147, 1851-1866.



Contractions on Saturated Rings
Nitrogen Removal

Sarpong (2021)
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Contractions on Saturated Rings
Nitrogen Removal

Sarpong (2021)
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84% (20:1 dr)

chiral phosphoric acid
400 nm blue LED
benzene, 24 h

89% (20:1 dfr), 95:5 er

chiral phosphoric acid

Helvetica Chim. Acta 1993, 76, 2640-2653.; Science 2021, 373, 1004-1012.; JACS 2024, 146, 5580-5596.; JACS 2025, 147, 1851-1866
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Contractions on Saturated Rings
Boron Removal

Aggarwal (2020)
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Contractions on Aromatic Rings
Carbon Removal

Pyridine N-Oxide to Pyrrole (Weber 1988)

Chemische Berichte 1989, 122, 945-950.; JACS 2019, 141, 2274-2278.



Contractions on Aromatic Rings
Carbon Removal

Harran (2019)

(+)-marineosin A

Chemische Berichte 1989, 122, 945-95(

;JACS 2019, 141,2274-2278.



Contractions on Aromatic Rings
Carbon Removal

Pyridinium Salts to 3-Formylpyrroles (Wang & Tang & Pan, 2021)

Z
)
o
SET
RhB*
d
RhB PCET

Sci. China Chem. 2021, 64, 753-760.; Org. Lett. 2020, 22,6107-6111.



Contractions on Aromatic Rings

Carbon Removal

Pyridinium Salts to 2-Formylpyrroles (Fu, 2020)

W 1y H0,K,CO,

/(1‘ =
H

H Ph N Hy {

| -

1© the 8 2 HI Ph” N

Sci. China Chem. 2021, 64, 753-760.; Org. Lett. 2020, 22,6107-6111.



Contractions on Aromatic Rings
Carbon Removal

Scaffold Hopping: Contraction of Azaarenes (Levin, 2022)

e = 0 — O — O

conditions: 390nm LEDs, toluene, rt, 5 h then TFA, rt, 5 h

78%

Science 2022, 376, 527-532.; JACS 2026, 148, 38491-38499.



Contractions on Aromatic Rings
Carbon Removal

Diazenes to Diazoles (Chiba, 2026)

Ar A
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74%
Ar = p-CO,Me-Ph

Science 2022, 376, 527-532.; JACS 2026, 148, 38491-38499.



Contractions on Aromatic Rings
Carbon Removal

Diazenes to Diazoles (Chiba, 2026)

Ar

B
N/)\H

conditions o "
e,
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Ar N AN
N H

conditions: 3DPAFIPN, HCO,K, Cs,CO,, DMSO, 427nm LEDs, 4 h, 31 °C

Science 2022, 376, 527-532.; JACS 2026, 148, 38491-38499.
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Dearomative Contractions
Carbon Removal

Pyridine to Pyrrolidine (Takaya, 2025)
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Nature Communications 2025, 16, 2426, 1-8.



Dearomative Contractions
Carbon Removal

Pyridine to Pyrrolidine (Takaya, 2025)
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Expansions of Saturated Rings

Carbon Addition
Semi-Pinacol Rearrangement
Cots o Me_Me
Me—( OH CaCO,, Me.

( LiCl 10 steps
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X S L
longifolene

JACS 1961, 83, 1251-1253.; Can. J. Chem. 1976, 54, 1991-1993.; Org. Lett. 2014, 16, 3376-3379.; Chem. Sci. 2023, 14, 6930-6935.



Expansions of Saturated Rings
Carbon Addition

Tiffeneau-Demjanov Rearrangement

cedrone

JACS 1961, 83, 1251-1253.; Can. J. Chem. 1976, 54, 1991-1993.; Org. Lett. 2014, 16, 3376-3379.; Chem. Sci. 2023, 14, 6930-6935.



Expansions of Saturated Rings
Carbon Addition

Dowd-Beckwith Ring Expansion

° AIBN, oM o b Q
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° °

JACS 1961, 83, 1251-1253.; Can. J. Chem. 1976, 54, 1991-1993.; Org. Lett. 2014, 16, 3376-3379.; Chem. Sci. 2023, 14, 6930-6935.



Expansions of Saturated Rings
Carbon Addition

Dowd-Beckwith Ring Expansion

OMe o s!eps

e's

JACS 1961, 83, 1251125,

an. J. Chem. 1976, 54, 1991-1993.; Org. Lett. 2014, 16, 3376-337'

“hem. Sci. 2023, 14, 6930-6935.



Expansions of Saturated Rings
Carbon Addition

Dowd-Beckwith Ring Expansion

o o
( HAT
_ _ — A
CO,Me < OMe ome
o
Photocatalytic (Hari, 2023)
Ir(ppy)s,
oMe o ON-MP! EtoH, MeCN, 0
9 s!eps 440nm, 36
CO;Me — ’O Ph "
o 'OEt

JACS 1961, 83, 1251125,

an. J. Chem. 1976, 54, 1991-1993.; Org. Lett. 2014, 16, 3376-337'

“hem. Sci. 2023, 14, 6930-6935.



Expansions of Saturated Rings
Carbon Addition

Dong Ring Expansion (2015)

IRh(CODICH o B-hydride migratory 2 reductive
elimination insertion Rh elimination
[ /= = i R
R
H H

Chem. Sci. 2015, 6, 5440-5445.; JACS 2019, 141, 8752-8757.; Dihydropyridine to Azepine (Au cat): Adv. Synth. & Cat. 2019, 361, 4065-4074.



Expansions of Saturated Rings
Carbon Addition

Cyclic Alcohol Ring Expansions (Knowles, 2019)

R ['r(dF(CFa)PPf)z(5 5’ -d(CF3)bpy)]PFyg, o,
Ho_ = , Phile,
P s LEDe: 35°C Alk
n+2
n
X
O-HPCET/
B-scission ETPT
o 0
. 8-endo-trig -
x R = alkyl, H
X

Chem. Sci. 2015, 6, 5440-5445.; JACS 2019, 141, 8752-8757.; Dihydropyridine to Azepine (Au cat): Adv. Synth. & Cat. 2019, 361, 4065-4074.



Expansions of Saturated Rings
Carbon Addition

Cyclic Alcohol Ring Expansions (Knowles, 2019)

o H [GE(CE B d(CFLpYIPFe R
Ar | , PhMe, HO 7~
blue LEDs, 35 'C
n+1
. n
O-H PCET/
HAT p-scission
o

o
- 7-exotrig e
R = Ar, HetAr X
X

Chem. Sci. 2015, 6, 5440-5445.; JACS 2019, 141, 8752-8757.; Dihydropyridine to Azepine (Au cat): Adv. Synth. & Cat. 2019, 361, 4065-4074.



Expansions of Saturated Rings
Carbon Addition

Cyclic Alcohol Ring Expansions (Knowles, 2019)

o H [Ir(dF(CF3)ppr),(5,5'-d(CF;)bpy)IPFe, R llr(ﬂF(CFa)PPf)z(5 5’ -d(CF)bpy)]PFg,
" PBU*CF5CO,, , Phie, Ho =  Phille,
d blue LEDSs, 35 °C P s L’Eps 35°C
n+l
X n
O-H PCET/
HAT B-scission
o o

- 7-exo-trig é/\“ 8-endo-trig
R = Ar, HetAr X R =alkyl, H

Chem. Sci. 2015, 6, 5440-5445.; JACS 2019, 141, 8752-8757.; Dihydropyridine to Azepine (Au cat): Adv. Synth. & Cat. 2019, 361, 4065-4074.
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Expansions of Saturated Rings
Carbon Addition

Hindered Cyclobutane Synthesis (Zhang, 2026)

5 4CzIPN, Ti(O"Pr),,

k{/ Py*-NTs", TMSCN,
CH,Cl,, blue

LEDs, f, 24 h

NHTs
CN

from carbonyl

Nature Chem. 2026, 18, 1422-1430.; JACS 2025, 147, 45884-45892.



Expansions of Saturated Rings
Carbon Addition

Carbonylative Ring Expansion of Cyclic Carboxylic Acids (Nagao & Ohmiya, 2025)

5CzBN, ‘PrNEt,

carbonylditriazole,
—_—
Hantzsch ester, (l
acetone, blue LEDs, X~ o
12h
70~

Ny
=/

Nature Chem. 2026, 18, 1422-1430.; JACS 2025, 147, 45884-45892.



Expansions of Saturated Rings
Nitrogen Addition

Spiro Cyclobutane Cyclic Aminals to Bicyclic Amidines (Fujioka, 2012)

HN__Ph cuzmz, 24h NBS, CH,CI; AL
O v . <>< ol <x I — =T
" N""pp

HN™ “pn
93%

Org. Lett. 2012, 14, 772-775.; JACS 2025, 147, 21818-21823.



Expansions of Saturated Rings
Nitrogen Addition

1,2-Amino Alcohols to Amine Heterocycles (Knowles, 2025)

Boc, Boc,
WO, Ney [WAFCFIPPVLES- .o W, Hiy-Boe

ATFA, HFIP, Iil Iil
scission 3A MS, NaBH, @
- dCrIbBYBF, . s ot Mo N
[(PhO),P(0)OINBu, reeT O O
TRIP-SH, (TRIP-S),, PAH, e

blue LEDs, 30 °C, 30 h 59%

not isolated

p-TsOH, 3A
MS, 120 °C

Org. Lett. 2012, 14, 772-775.; JACS 2025, 147, 21818-21823.



N-HVI, HFIP,
Me OH CH.Cl,, 3AMS,
-25°C

[

Expansions of Saturated Rings
Oxygen Addition

Oxidative Rearrangement of Tertiary Alcohols (Wengryniuk, 2016)

Ar
Me_ 01 %\ Mo o Ve oF.
X — —_— Y
FiC
84%

Org. Lett. 2016, 18, 1896-1899.; JACS. 2023, 145, 11245-11257.; Nature Synthesis 2026, 5, 349-356.
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Expansions of Saturated Rings
Oxygen Addition

Expansion of Pyrrolidines to Oxazines (Sarpong, 2023)

Q HAT Q SET Q H,0 Q\gﬁl
'Eu/go 'Bu/go 'Buo 'Bu/&o

acet on

AgNO Cu(EF;);.
l 40 °C, 30 mln

oH HQ oH,
)\ ,q{r°"z ,c“./ decarboxylation wo
®, R — i - H,c -~
e 1
H » B
e y "
85% (NMR yield)

Org. Lett. 2016, 18, 1896-1899.; JACS. 2023, 145, 11245-11257.; Nature Synthesis 2026, 5, 349-356.
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Expansions of Saturated Rings
Oxygen Addition

Oxygen Migration into C-C Single Bonds (Yoon, 2026)

OH EtOH, Cu(OTf),, 3
J: o Pyridine, PrCN Q G Q EtasIH ao@ Q
cn,mz, 427 nm oh

Org. Lett. 2016, 18, 1896-1899.; JACS. 2023, 145, 11245-11257.; Nature Synthesis 2026, 5, 349-356.




Dearomative Expansions

Carbon: Synthesis of Azepines (Beeler, 2021 & Yoo, 2021)

DBU, blue
N 8 LEZ)BAg';zﬁlzv | N AN
ZN.__COEt ———> COEt —» I

CO,Et T\ _coEt
NG COEt —> ©>< T — O :
oY oY \': N” > Ph N Ph

Ph Ph P
91%

Org. Lett. 2021, 23, 525-529.; Org. Lett. 2021 23, 4256-4260.; JACS. 1972, 94, 513-520.; Nature Chemistry 2024, 16, 771-779.; Tetrahedron 2018, 74, 5351-5357.



Dearomative Expansions

Aryl Azide to Azepine
(Brenner, 1971):

O

HNEt,, hv

EtN

Org. Lett. 2021, 23, 525-529.; Org. Lett. 2021 23, 4256-4260.; JACS. 1972, 94, 513-520.; Nature Chemistry 2024, 16, 771-779.; Tetrahedron 2018, 74, 5351-5357.



Dearomative Expansions

Nitrogen: Nitro Azide to Azepine or Azepane (Ruffoni & Leonori, 2024)

0.9,0 6.0
N N

N
hv PR, @ nitrene insertion @
E> E> deoxygenation

H

PA/C, PtO,, Hy g
)

EtOH, rt N 13-hydride shift EtN
-~ B —
O N\ 7

Org. Lett. 2021, 23, 525-529.; Org. Lett. 2021 23, 4256-4260.; JACS. 1972, 94, 513-520.; Nature Chemistry 2024, 16, 771-779.; Tetrahedron 2018, 74, 5351-5357.



Dearomative Expansions

Oxygen: Synthesis of benzo[1,3]oxazepines (Smith, 2018)

'CO,Et
98% (29)

Org. Lett. 2021, 23, 525-529.; Org. Lett. 2021 23, 4256-4260.; JACS. 1972, 94, 513-520.; Nature Chemistry 2024, 16, 771-779.; Tetrahedron 2018, 74, 5351-5357.



Aromative Expansions

Adding Carbon: Dehydrogenative Aromatization Strategy

ring Expanslon

R/Aé{"-‘ O\ﬁ/o O\
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Chem. Cat. 2024, 4,1100873.
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Deletions of Saturated Rings
Carbonyl Deletion

Photoinduced Decarbonylation on Crystalline Ketones (Garcia-Garibay, 1995)

oH  radical HO OH

U oh  coupling Ph.U.Ph
—

JACS 1995, 117, 12893-12894.; JACS 2020, 142, 11685-11690; JACS 2021, 143, 4043-4054.; JACS 2004, 126, 613-627.



Deletions of Saturated Rings
Carbonyl Deletion

Synthesis of Psychotriadine (Garcia-Garibay & Garg & Houk, 2020 & 2021)

1. hv (>290 nm),

B Hg lamp, solid
o 6 steps (LLS) tar O
—_— d
p—
HN, CO,Et 2.NH,OH, THF,

65°C
42% (2 steps)

psychotriadine
R = CO(p-OMe)Ph

JACS 1995, 117, 12893-12894.; JACS 2020, 142, 11685-11690; JACS 2021, 143, 4043-4054.; JACS 2004, 126, 613-627.



Deletions of Saturated Rings
Carbonyl Deletion

Unexpected Byproduct During Synthesis of Hamigerans (Nicolaou, 2004)

OMe O OMe O

1. KOH J

2. "BuN*10,
A

—_— e

JACS 1995, 117, 12893-12894.; JACS 2020, 142, 11685-11690; JACS 2021, 143, 4043-4054.; JACS 2004, 126, 613-627.



Deletions of Saturated Rings
Carbonyl Deletion

Carbonyl Removal via Sequential Double Carbon-Carbon Bond Cleavage (Dong, 2026)

5' )_N Me. MM

Py.
o o N
NH2 H e me Me
1-AdCO,H, 4A MS,
PhCF3, 50 °C then
TEMPO, PhCF3, 80 °C

JACS, 2026, 148, 28061-28067.

m-CPBA,
CHCly then
AcOH 25°C

h

"y=n

HN,

N
N

N

Ph

o, M
"BuySnH,
\)\/@ AIBN.2A NS,
_—

PhCF3, 100 °C

O
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O “ppam

Deletions of Saturated Rings
Carbonyl Deletion

Carbonyl Removal via Sequential Double Carbon-Carbon Bond Cleavage (Dong, 2026)

N Me, e Py, weve
Py\r >_ m-CPBA, Y= ve e
7 N CHC; then ~ HN__N "BuSpH,
e TwMews H v e we AcOH.25° C AIBN.2A NS,
—_—

pn  PhCFs, 100°C

\N&

1-AdCO,H, 4A MS,
PhCF3, 50 °C then
TEMPO, PhCF;, 80 °C

BT o

JACS, 2026, 148, 28061-28067.

o



AgNO;, NBS,
(M350,

Deletions of Saturated Rings

Carbon Deletion

Piperidine to Pyrrolidine (Sarpong, 2018)

o

O acetone/H,0, O
rt, 30 min _
N No -
H >
'su’go 'su’go ’go rs..’go

Nature 2018, 564, 244-248.; JACS 2026, 148, 282930-28301

Br
O o

Bu’

NH

o

G

Bu’

0



Deletions of Saturated Rings

Carbon Deletion

Methylene Deletion in Lactams (Dixon, 2026)

TEMPO adduct formation
NH —_—

Nature 2018, 564, 244-248.; JACS 2026, 148, 282930-28301.

Me
Me
e [ oxidation

elimination

Baeyer-Villager
-

Cope-type

|

oﬁ"



Deletions of Saturated Rings
Nitrogen Deletion

Original Harsh Report (Overberger, 1957)

JACS 1957, 79, 6430-6435.; JOC 2017, 82, 4677-4688.; Nature 2021, 2021, 223-227.; JACS 2024, 146, 17719-17727.; JACS 2025, 147, 28179-28188.



Deletions of Saturated Rings
Nitrogen Deletion

Thermal Rearrangement of Sulfamoyl Azides (Lu, 2017)

dioxane, 80 °C,

Oﬂr‘(\o 4AMS, air, 24 h

0=S. -

O,N 7Ny O/
o O,N

JACS 1957, 79, 6430-6435.; JOC 2017, 82, 4677-4688.; Nature 2021, 2021, 223-227.; JACS 2024, 146, 17719-17727.; JACS 2025, 147, 28179-28188.



Deletions of Saturated Rings
Nitrogen Deletion

Nitrogen Deletion of Secondary Amines (Levin, 2021)

[
,;‘,OBn
o Bn
OPiv 8
FaC a -ArCO,Bn
Ph/\u/\Ph - . 1 N’N‘a..
-PivOH ~~OBn reductive
nucleophilic FiC elimination
®DS)

substitution

B homolytic
nitrogen
extrusion

Bn<

Bn| —— pp” A
in-cage
radical
coupling

JACS 1957, 79, 6430-6435.; JOC 2017, 82, 4677-4688.; Nature 2021, 2021, 223-227.; JACS 2024, 146, 17719-17727.; JACS 2025, 147, 28179-28188.

Ph



Deletions of Saturated Rings
Nitrogen Deletion

Nitrogen Deletion of Secondary Amines (Levin, 2021)

0
B
'I‘,o n
o Bn
OPiv B N
g~ € O ML -ACOBn N N
L — (S i — [Bn¢ SBn| —— pp”
-PivOH ~0Bn reductive g ANNp - homolytic in-cage
nucleophilic FoC elimination nitrogen radical
(RDS) extrusion coupling

substitution

Evidence for Spriocyclization in Tetrahydroisoquinolines (Levin, 2024)

anomeric amide spirocycle
activation R formation 1,3-shift
N T ONeo — = I
Neno
Ph Ph Ph
>99:1er 312:688er

JACS 1957, 79, 6430-6435.; JOC 2017, 82, 4677-4688.; Nature 2021, 2021, 223-227.; JACS 2024, 146, 17719-17727.; JACS 2025, 147, 28179-28188.
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Deletions of Saturated Rings
Nitrogen Deletion

Pyrrolidines to Cyclobutanes (Antonchick, 2021)

c cOo,Me cO;Me
oH oH Ph, 7 Ph, L ° Ph,  COMe
Nots —— Sy —_— N-N ———> —_— Il

| Me0,C” Me0,C” | Me0,C’ Ph
Meo,C... N\ __Ph Ph Ph
P CoMe

JACS 2021, 143, 18864-18870.; Nature Commun. 2025, 16, 1659.



Deletions of Saturated Rings
Nitrogen Deletion

Total Synthesis of Lycoposerramine W (Renata, 2025)

lycoposerramine W

JACS 2021, 143, 18864-18870.; Nature Commun. 2025, 16, 1659.



Deletions of Saturated Rings
Nitrogen Deletion

Thermal Rearrangement of Sulfamoyl Azides (Lu, 2021)
N3SO,Nj, DBU, rt,
():) CH,CI, then
B ——
N guoLi, 120 °C,

dioxane & 80%

ACIE 2021, 60, 20678-20683.; Nature Synthesis 2024, 3, 913-921.; JACS 2023, 145, 10960-10966.; ACS Catal. 2025, 15, 5825-5834.; Nature Chemistry 2025, 17, 393-
402.; JACS 2017, 139, 6546-6549.



Deletions of Saturated Rings
Nitrogen Deletion

Use of O-diphenylphosphinylhydroxylamine (Lu, 2024)

2
2 Ph—/P\O,NH, ) ©
L HN NH, L HN NH, N R (S>R| —> R-m
N, N
R R ROR R®R

ACIE 2021, 60, 20678-20683.; Nature Synthesis 2024, 3, 913-921.; JACS 2023, 145, 10960-10966.; ACS Catal. 2025, 15, 5825-5834.; Nature Chemistry 2025, 17, 393-
402.; JACS 2017, 139, 6546-6549.



Deletions of Saturated Rings
Nitrogen Deletion

Synthesis of Bicyclopentanes (Sarpong & Lu & Ding & Tan, 2023 & 2025)

2 j ) 2m +2n :H‘ : ‘ b
)LMQ + H\’I‘/\Ar) —_— > /1\ == . ;h ceeon o

ACIE 2021, 60, 20678-20683.; Nature Synthesis 2024, 3, 913-921.; JACS 2023, 145, 10960-10966.; ACS Catal. 2025, 15, 5825-5834.; Nature Chemistry 2025, 17, 393-
402.; JACS 2017, 139, 6546-6549.



Deletions of Aromatic Rings
Carbon Deletion

Electrochemical Carbon Deletion in Hantzsch Esters (Cheng, 2021)

o Me O - - g Y o ont
P H,0-BF, -H OBF

0 T
Me, okt . Et0 oEt e Emé_i»
Me

Green Chem. 2021, 23, 3468-3473.; JACS 2022, 144, 22309-22315.



Deletions of Aromatic Rings
Carbon Deletion

Pyrimidines to Pyrazoles by Formal Carbon Deletion (Sarpong, 2022)

TH,0, 1t, 15 min hydrazine Ph ring b "
then HZNNHZ, Z attack Z opening ' ,N _N.
)N a E:JN N j W, 2 @X:he TL/)‘""
OXE“E, Hl "i‘ 'i‘ & taut. P N 'i‘
H T ™ III z
™

Green Chem. 2021, 23, 3468-3473.; JACS 2022, 144, 22309-22315.



Deletions of Aromatic Rings
Carbon Deletion

Selective Carbon Deletion of Azarenes (Levin, 2025)

Cro o O
,;_4 N S
©\/®2: 390 nm LED m_

-
] 390 nm LED 1]
PhMe, HFIP, 70 °C, 17 h PhMe, HFIP, 70 °C, 17 h
then HOCH,CH,0H, p-TsOH-H,0 [

deacylation
hv

o3 mw_@(iﬁcgﬁgﬁ@

common

intermediate

JACS 2025, 147, 20120-20131.; JACS 2024, 146, 31348-31355.



Deletions of Aromatic Rings
Carbon Deletion

Selective Carbon Deletion of Azarenes (Levin, 2025)

o

Ho N\ NH2
Cn- N sod
P
] 390 nm LED
PhMe, HFIP, 70 °C, 17 h 3 0®

[ hv
S g

common
intermediate

JACS 2025, 147, 20120-20131.; JACS 2024, 146, 31348-31355.



Deletions of Aromatic Rings
Carbon Deletion

Selective Carbon Deletion of Azarenes (Levin, 2025)

Cel
P
N, O

IXc}

hv

e

N’<
common

intermediate

JACS 2025, 147, 20120-20131.; JACS 2024, 146, 31348-31355.

390 nm LED
PhMe, HFIP, 70 °C, 17 h
then HOCH,CH,0H, p-TsOH-H,0

CI~
N
H
deacylation [
ash
D
B —
{
N : N
H



Deletions of Aromatic Rings
Carbon Deletion

Nitrogen Deletion Remains Elusive (Shima & Kang & Hou, 2024)

Me. Me Me. Me Me —_ g —Me
H U ® toluene, 60 °C, ipr, Me
AN N N7 6h,-Hy Me. P'_’Q

N N\ TN
Ny H/ mluelne,rrit,m D 0% e ] %N/

min, - 1

z \H/ “ ol P
Me

JACS 2025, 147, 20120-20131.; JACS 2024, 146, 31348-31355.
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Science 2021, 372, 175-182.

Insertions of Saturated Rings
Boron Insertion

Boron Insertion into Alkyl Ether Bonds (Dong, 2021)

MesBBr,, Zn, MesBBr,, Zn,
Ni(4-'Bu-Pr),Br,, 0. -Mes o Ni(4-'Bu-Pr),Br,,
—_—— —_—
toluene, 60 °C @() Q toluene, 60 °C
80% (90%) 69% (84%)




Insertions of Saturated Rings
Boron Insertion

Boron Insertion into Alkyl Ether Bonds (Dong, 2021)

MesBBr,, Zn, MesBBr,, Zn,

(Io) Ni(@-Bu-Fr),Br,, 0. -Mes o Ni(a-Bu-Fr),Br,, 0. 5 -Mes
—_—— —_—
toluene, 60 °C @[) Q toluene, 60 °C ()

B
O, MesBBr, binding 6o o attack © _addition
R O TN —
A Br

co

80% (90%) 69% (84%)

Mes, Zn-promoted Mes.

oo ,Ni'L
N Br
B-Br bromide anion

oxidative

single electron
reduction

reductive Mes radical i i

-Mes  glimination O-g addition o XAT o
- Nill-Br -————— . -
Br

Note: also applied to O-to-N transmutation

Science 2021, 372, 175-182.



Insertions of Saturated Rings
Carbon Insertion

Halocarbene Cyclopropanation (Conia, 1976 & Gaich, 2021)

OTMS  CHBr, |er "o

™S H*, 2
i Me KOBu Me| MeOH _ Br Me

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.
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Carbon Insertion

Halocarbene Cyclopropanation (Conia, 1976 & Gaich, 2021)

OTMS  CHBr, |er "o

™S H*, 2
i Me KOBu Me| MeOH _ Br Me

CHBr3, KO'Bu
e thenAg0, Me:.

—_—
Me HBF,, EtOH,0 ©O
°C fort, 82%

(+)-pepluanol A

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.



Insertions of Saturated Rings
Carbon Insertion

Carbene Insertion into Sulfur Ylides (Tang, 2008); Oxetanes (Xu & Koenigs, 2019); C-Si Bonds (Lan & Wang, 2021)

N,
Ar ¥ CO,Et
A Et0,C” “CO.Et (s co.et
1P cuom,
bisoxazoline 0" “Ar

ligand, CH,CI
oC, i

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.



Insertions of Saturated Rings
Carbon Insertion

Carbene Insertion into Sulfur Ylides (Tang, 2008); Oxetanes (Xu & Koenigs, 2019); C-Si Bonds (Lan & Wang, 2021)

co,Mu
M-\t] M-b&ozmﬂ
cuzC|2, 470 nm Ar

(]

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.



Insertions of Saturated Rings
Carbon Insertion

Carbene Insertion into Sulfur Ylides (Tang, 2008); Oxetanes (Xu & Koenigs, 2019); C-Si Bonds (Lan & Wang, 2021)

NNHTris

L_| Ph” H
Ar - 3
phosgh“orarﬁl te A
ligand*, LiO'Bu,
dioxane/toluene,
0°C,24h

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.



Insertions of Saturated Rings
Carbon Insertion

Carbene Insertion into BCBs (Tan, 2025) Aziridines (Arnold, 2022 & Bi, 2024)

N,
I CO,Et
Ph COMe  H” “CO,Et

—_—
[Ir(dF(CF5)ppy),
(bpy)]PFg, MeCN,
blue LED, -40 °C

Ph CO,Me

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.



Insertions of Saturated Rings
Carbon Insertion

Carbene Insertion into BCBs (Tan, 2025) Aziridines (Arnold, 2022 & Bi, 2024)

N,
[]
OYOB" H)l\coza »\OB"
—_—
N
E. coli harborin,
O ERirams
whole-cell

suspension
Mg-N (pH 7.0), rt,
75%

“CO,Et

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.
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Carbon Insertion

Carbene Insertion into BCBs (Tan, 2025) Aziridines (Arnold, 2022 & Bi, 2024)
N,

o
0y0Bn H)H/\P" M oen
vk
N

Rhy(OAc),,
A ES/\
Ph

60 °C, 62%

0 % Ph

Synthesis 1976, 3, 196-197.; JACS 2021, 143, 11934-11938.; Adv. Synth. Catal. 2009, 351, 308-312.; Chem. Sci. 2019, 10, 10129-10134.; JACS, 2021, 143, 12968~
12973.; JACS, 2025, 147, 33879-33887.; JACS, 2022, 144, 4739-4745.; ACIE 2024, 63, €202318072.



Insertions of Saturated Rings
Carbon Insertion

De Mayo-Type Two-Carbon Insertion (Glorius, 2021)

9 OH OH
n-n* excited state allows for cycloaddition b
CO:M! _— é,co,m _— CO,Me
(2 bar)
[Ir (CFy Pl“b)av
NEt;, toluene,
395nm LEDs, rt
[

De Mayo-type HO, HO
< DeMayotype - .
COMe {-CO,Me

co,Me
82%

ACIE, 2022, 61, €202112695.; Org. Chem. Front. 2025, 12, 478-484.



Insertions of Saturated Rings
Carbon Insertion

Transition Metal Free Single Carbon Insertion (Yang & Li, 2025)

o (1‘ /~ci
o (<} @
e LT
-— —_— NH
HI, NH,], MeCN, NH HI, NH,], MeCN, J
100 °C, 12 h, 90% s 140 °C, 12 h, 83% s

ACIE, 2022, 61, €202112695.; Org. Chem. Front. 2025, 12, 478-484.



Insertions of Saturated Rings
Nitrogen Insertion

The Beckmann Rearrangement (Beckmann, 1886)

@
_OH _OH,
N ~NT

H,OH
H,S0,4 (conc), C
A
—_—
oxime formation activation expansion

Chem. Rev. 1933, 12, 215-260.; New J. Chem. 2020, 44, 18530-18572.; Angew. Chem. 1923, 36, 511.; JACS, 1957, 79, 5558-556.

cience 2019, 367, 281-285.
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Nitrogen Insertion

The Schmidt Reaction (Schmidt, 1924)

o K H

&
é H '3, H,S0, 6 % G\ﬁ’uouz H,0 attack Cj
azide attack H,0 expansion ut

2

Chem. Rev. 1933, 12, 215-26

New J. Chem. 2020, 44, 18530-18572.; Angew. Chem. 1923, 36, 511.; JACS, 1957, 79, 5558-5564.; Science 2019, 367, 281-285.
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Nitrogen Insertion

Synthesis Application (Biichi, 1957)

(+)-muscopyridine

Chem. Rev. 1933, 12, 215-26

New J. Chem. 2020, 44, 18530-18572.; Angew. Chem. 1923, 36, 511.; JACS, 1957, 79, 5558-5564.; Science 2019, 367, 281-285.
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Nitrogen Insertion

MeNO, for Mild Schmidt (Jiao, 2019)

o (]
T1,0, HCO,H,
AczOHIMe 51, 6
—_—
100 °C, air, 12 h

95% (15 mmol)

Chem. Rev. 1933, 12, 215-26

New J. Chem. 2020, 44, 18530-18572.; Angew. Chem. 1923, 36, 511.; JACS, 1957, 79, 5558-5564.; Science 2019, 367, 281-285.



Insertions of Saturated Rings
Nitrogen Insertion

N-Insertion into Aryl Alkanes (Jiao & Zhang, 2024)

Me ,OTu

COER o — ) — Y=

HFIP, 86%

Nature Communications 2024, 15, 6106.; Org. Lett. 2022, 24, 6171-6175.; ACIE 2025, 64, €202420485.; JACS 2024, 146, 21129-21136.; JOC, 2024, 89, 17655~
17663.; Science 2025, 389, 275-281.



Insertions of Saturated Rings
Nitrogen Insertion

Aza-Baeyer-Villager Rearrangement (Wahl, 2022)

RH OP(O)Ph, N o
DMF, 25°C,24h  HO. r‘"‘
%B — " > é [ p— N-R
O

Nature Communications 2024, 15, 6106.; Org. Lett. 2022, 24, 6171-6175.; ACIE 2025, 64, €202420485.; JACS 2024, 146, 21129-21136.; JOC, 2024, 89, 17655~
17663.; Science 2025, 389, 275-281.
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Nitrogen Insertion

Azetidine Formation (Parasram, 2025)

Ts  zI\
¢ Ph CO,Et
Mgl,, TBAI, 2
)><cozs« PhCFy, 1, 24 h J:ff""zi'
CO,Et ”
ot 74% Ph’ Ts

Nature Communications 2024, 15, 6106.; Org. Lett. 2022, 24, 6171-6175.; ACIE 2025, 64, €202420485.; JACS 2024, 146, 21129-21136.; JOC, 2024, 89, 17655~
17663.; Science 2025, 389, 275-281.
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Nitrogen Insertion

N-Insertion into Silyl Enol Ethers (Ball & Kiirti, 2024)

AcQ
TESO PhI(OAC);,  7gs_ c N—ph
NH,CO, Hy, o

o
Me N N’H
— o —> ome
é/ MgO, MeOH, 1, e e
1'h, 90%

Nature Communications 2024, 15, 6106.; Org. Lett. 2022, 24, 6171-6175.; ACIE 2025, 64, €202420485.; JACS 2024, 146, 21129-21136.; JOC, 2024, 89, 17655~
17663.; Science 2025, 389, 275-281.
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Nitrogen Insertion

Formal N-Insertion (Sarpong, 2024)
1. C-H oxidation
©E> 2.R HOH, PhSiH3,
—_—
(CaF)sB, CFoBIOH), C(j

dioxane, 24 h, 75 °C, 79%

Nature Communications 2024, 15, 6106.; Org. Lett. 2022, 24, 6171-6175.; ACIE 2025, 64, €202420485.; JACS 2024, 146, 21129-21136.; JOC, 2024, 89, 17655~
17663.; Science 2025, 389, 275-281.
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Nitrogen Insertion

N-Insertion into Pyrrolidines (Jiao & Zhang, 2024)

reduction to
piperidazines

]
Ph—P.__NH,
/0

Ph NH, 3 H-shift o -H,C NH

NH ON @N= ON-N )

KgCOq, THE/ N " 2N
12201}, 551 'f " oxidation to
pyridazines

Nature Communications 2024, 15, 6106.; Org. Lett. 2022, 24, 6171-6175.; ACIE 2025, 64, €202420485.; JACS 2024, 146, 21129-21136.; JOC, 2024, 89, 17655~

17663.; Science 2025, 389, 275-281.



Insertions of Saturated Rings
Oxygen Insertion

Baeyer-Villager Oxidation (1899)

Al
o o

m-CPBA ° pco
O s é @,

y dictated by migratory aptitude

Chem. Rev. 2004, 104, 4105-4124.; JACS 1988, 110, 649-651.; JACS, 2022, 144, 20207-20213.; Org. Chem. Front. 2023, 10, 3307-3312.
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Oxygen Insertion

Baeyer-Villager Oxidation (1899) Application to Synthesis (Corey, 1988)

A. ___!su

Y o SBU PhyCOH,
° P35 ° \ NaOH, 86%
_— /
“on “H
y dictated by mig ry aptitude o

o
ginkgolide B

Chem. Rev. 2004, 104, 4105-4124.; JACS 1988, 110, 649-651.; JACS, 2022, 144, 20207-20213.; Org. Chem. Front. 2023, 10, 3307-3312.



Insertions of Saturated Rings
Oxygen Insertion

2-Oxa-BCHs (Glorius, 2022)
0
Ph COMe Pn/u\co,m Me0,C._
N ————> CO,Me
IHAF(CFpRY); -
(bpy)IPFe, MeCN,
blue LED, rt, 16 h

, 1,
%

Chem. Rev. 2004, 104, 4105-4124.; JACS 1988, 110, 649-651.; JACS, 2022, 144, 20207-20213.; Org. Chem. Front. 2023, 10, 3307-3312.
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Oxygen Insertion

Unexpected O-Insertion (Liu, 2023)

Chem. Rev. 2004, 104, 4105-4124.; JACS 1988, 110, 649-651.; JACS, 2022, 144, 20207-20213.; Org. Chem. Front. 2023, 10, 3307-3312.

|

[ o-
o

Z



Insertions of Aromatic Rings
Carbon Insertion

Ciamician-Dennstedt Rearrangement (1881); Application in Synthesis (Dai, 2021)

H
H  HCI;NaOH N Na
r\) a1 W — |
Y S -c ANl

=

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Ciamician-Dennstedt Rearrangement (1881); Application in Synthesis (Dai, 2021)

Me Me
C1,CO,Na,
R BnEt;NCI, CHCl,, N
e =
& 90 °C, 31% [ —
N~Boc N~Boc

lycodine

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Chlorodiazirines: Insertion in Pyrroles, Indoles, Pyrazoles, Indazoles, (Levin, 2021 & 2022; Ball 2023)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Chlorodiazirines: Insertion in Pyrroles, Indoles, Pyrazoles, Indazoles, (Levin, 2021 & 2022; Ball 2023)

N=N
MXcI

Na CO,,
wTBE, 60°C

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Chlorodiazirines: Insertion in Pyrroles, Indoles, Pyrazoles, Indazoles, (Levin, 2021 & 2022; Ball 2023)

Ball used N-benzyl indoles to mitigate thermal hazard (at or below rt)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Other Options for Carbene Insertion:

X EWG
X=Cl,Br,S

Bonge-Hansen (2015),
Glorius (2024),
Han (2025)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Other Options for Carbene Insertion:

N, .
X7 EWG )N'\ o”s“o

CF,

W EWe
X=Cl,Br, S

Bonge-Hansen (2015),  Anderson & Bi

Glorius (2024), (2024)
Han (2025)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42,1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.




Insertions of Aromatic Rings
Carbon Insertion

Other Options for Carbene Insertion:

N, ] Br H
X7 CEWG N Br” "R
HJI\EV?VGO cF
X=Cl,BrS R F Ol
, Ar, Me
Bonge-Hansen (2015),  Anderson &Bi Xu (2023),
Glorius (2024), (2024) Song (2024)
Han (2025)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42, 1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.



Insertions of Aromatic Rings
Carbon Insertion

Other Options for Carbene Insertion:

N, ] Br H H Cl
NS an X
X~ Ewa % ¢ Br” R s Ewa
W EWe
X=Cl, Br,S R=F,Cl,Br,
, Ar, Me
Bonge-Hansen (2015),  Anderson &Bi Xu (2023), Sharma (2025)
Glorius (2024), (2024) Song (2024)
Han (2025)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42, 1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.



Insertions of Aromatic Rings
Carbon Insertion

Other Options for Carbene Insertion:

N, N Br H H cl HaNoy
- |
X~ “Ewa JN'\ o &, 8" R X ewa R*"
W Ewa -
X=Cl,Br,S R=F CLBr, ®
, Ar, Me
Bonge-Hansen (2015),  Anderson &Bi Xu (2023), Sharma (2025)  Ji & Huang &
Glorius (2024), (2024) Song (2024) Pang (2026)
Han (2025)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42, 1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.



Insertions of Aromatic Rings
Carbon Insertion

Other Options for Carbene Insertion:

N, N Br H H cl HaNoy Fe
Mg |
X~ “Ewa JN'\ o &, BrXR X ewa R*" nJ\m
W Ewa -
X=Cl,Br,S ReFCLBr @ R=H,Ar, EWG
Bonge-Hansen (2015),  Anderson &Bi Xu (2023), Sharma (2025)  Ji&Huang &  Levin & Nagib
Glorius (2024), (2024) Song (2024) Pang (2026) (2026)

Han (2025)

Ber. 1881, 14, 1153-1163.; JACS 2021, 143, 16383-16387.; JACS 2021, 143, 11337-11344.; JACS 2022, 144, 19258-19264.; ACIE 2023, 62, €202305081.; Beilstein JOC
2015, 11, 1944-1949.; ACS Catal. 2024, 14, 13343-13351.; ACIE 2025, 64, €202501966.; Nature Commun. 2024, 15, 9998.; ACIE 2024, 63, €202317104.; Chin. JOC
2024, 42, 1128-1132.; JACS, 2025, 147, 13824-13832.; JACS 2026, 148, 3672-3680.; Chem 2026, 12, 102968.



Insertions of Aromatic Rings
Carbon Insertion

Difluorocarbene Editing of 2H-indazoles (Song, 2023)

Sci. China Chem. 2023, 66, 1965-1981.; ACIE 2019, 58, 12206-12210.



Insertions of Aromatic Rings
Carbon Insertion

Thiophenes to Benzenes via [4+2] Annulation (Chiang & Lei, 2019)

Mes-Acr*CIO,
MeCN, blue LEDs,
rt, 12 h, 69%

o

Sci. China Chem. 2023, 66, 1965-1981.; ACIE 2019, 58, 12206-12210.



Insertions of Aromatic Rings
Carbon Insertion

Thiophenes to Benzenes via [4+2] Annulation (Chiang & Lei, 2019)

s T
1
+
! O
Mes-Acr*CIO O i >
MeCN, biue LEDs, O :
n, 12 h, 69%

O

N

o N A0

Blue LEDs N "
+2) Detected by HRMS

N [M+H]': 243.1192
Exact Mass: 243.1202

Sci. China Chem. 2023, 66, 1965-1981.; ACIE 2019, 58, 12206-12210.




Insertions of Aromatic Rings
Nitrogen Insertion

lodonitrene N-Insertion into Indoles (Morandi, 2022, 2023)

Me

P S ', PN H, CO,NH,,

10min,83% m|,fz?;3% Br ¢ PhBr S PIFA, LIAMDS, B" Sn
D J N Me ———————
N N N MeOH, 0 °C, 30
BS n min, 80%

Science 2022, 377,1104-1109.; Org. Lett. 2023, 25, 8419-8423.; JACS 2025, 147, 35211-35218.; JACS 2026, 148, 55-60.; Science 2025, 387, 102-107.; ACIE 2024, 63,
©202407384.; Chem 2026, 12, 102753



Insertions of Aromatic Rings
Nitrogen Insertion

lodonitrene N-Insertion into Indoles (Morandi, 2022, 2023)
Me

P S ', PN H, CO,NH,,
10min,83% m|,fz?;3% Br ¢ PhBr S PIFA, LIAMDS, B" Sn
D J N Me ———————
N N N MeOH, 0 °C, 30
H min, 80%

TBs H

Methylene Blue,

applied to late stage diversification of i NH H, CO,NH,, TFE/ NN
. . HFIP, 455nm LEDs | _
Tryptophan-containing peptides - .
(Liu, Li, 2025 & Morandi, 2026) oty CONH,, ¥

w PIFA, MeOH
Science 2022, 377,1104-1109.; Org. Lett. 2023, 25, 8419-8423.; JACS 2025, 147, 35211-35218.; JACS 2026, 148, 55-60.; Science 2025, 387, 102-107.; ACIE 2024, 63,

©202407384.; Chem 2026, 12, 102753



Insertions of Aromatic Rings
Nitrogen Insertion

Sulfenylnitrene N-Insertion into Pyrroles, Indoles, Imidazoles (Sharma, 2025)

SAr SAr
N N
h
a4 N pp —— SN m— " — > | J
N N PhC, Py N PhCl, PR N
H 120°C,2h N ph 120°C,2h

Science 2022, 377,1104-1109.; Org. Lett. 2023, 25, 8419-8423.; JACS 2025, 147, 35211-35218.; JACS 2026, 148, 55-60.; Science 2025, 387, 102-107.; ACIE 2024, 63,
©202407384.; Chem 2026, 12, 102753



Insertions of Aromatic Rings
Nitrogen Insertion

Sulfenylnitrene N-Insertion into Pyrroles, Indoles, Imidazoles (Sharma, 2025)

SAr SAr
N N
7 7 PN
NH NTSN
a4 N—pn SN p— S — 0 )
N N PhCl, N/)\Ph N PhCl, PR N

Also generated with chemoselective photolysis of th blueLEDs .. Fh
=S=N, ————> N-SAr + TsN=S§
N=S bond (Sharma, 2026): - Ph

Science 2022, 377,1104-1109.; Org. Lett. 2023, 25, 8419-8423.; JACS 2025, 147, 35211-35218.; JACS 2026, 148, 55-60.; Science 2025, 387, 102-107.; ACIE 2024, 63,
©202407384.; Chem 2026, 12, 102753



Insertions of Aromatic Rings
Nitrogen Insertion

3-Methylindoles to Quinazolinones (Zhou, 2020)

Me Me
(jf\g BuOO’ ©:g 'Bu0O’
N N

\ H,NBn, "BudNI,

H,NBn

uOOH, MeCN/H,0
87%

Org. Lett. 2022, 22, 2522-2526.; RSC Adv. 2024, 14, 15597-15603.; Nature Synthesis 2026, 5, 1269-1277.



Insertions of Aromatic Rings
Nitrogen Insertion

3-Methylindoles to Quinazolinones (Zhou, 2020)

Me
(jf\g Bu0O" Bu0O" H,NBn A
-
N N Bn
H
H,NBn, "BudNI,
'BuBOH, MeCN/H,0
87%
o
o
Wy
Bn

also accomplished with |,-mediated oxidation (Le & Ha & Truong, 2024)

Org. Lett. 2022, 22, 2522-2526.; RSC Adv. 2024, 14, 15597-15603.; Nature Synthesis 2026, 5, 1269-1277.



Insertions of Aromatic Rings
Nitrogen Insertion

N-Insertion into Indoles via NO Translocation (Chung, 2026)

Me  fBuO O, AgOTf, Me Me 2
1,4-dioxane, rt, 2 h (:ES Me
A N\
N then "BugP, 80 °C, N 1,3-shift @
N 2h, 71% N N
&

Org. Lett. 2022, 22, 2522-2526.; RSC Adv. 2024, 14, 15597-15603.; Nature Synthesis 2026, 5, 1269-1277.



Dearomative Insertions
Carbon Insertion
Biichner Reaction (1885)

O e

Org. Biomol. Chem. 2023, 21, 5150-5157.; Chem. Commun. 2004, 40, 2124-2125.; Synthesis 2010, 24, 4221-4227.; JACS, 2024, 146, 1813-1818.; Tetrahedron 2008,
64,6901-6908.; Adv. Sci. 2024, 11, 2307563.; ACIE 2023, 63, €202313807.; Nature Chem. 2024, 16, 988-997.; Nature Chem. 2025, 17, 215-225.



Dearomative Insertions
Carbon Insertion
Activated Isoquinolines to Novel Benzoazepines (Yadav, 2004)
[
Qe o
R ————
ZN__OEt
@ Cu(OTf),, DCE,
\LI/ reflu, 92%

Org. Biomol. Chem. 2023, 21, 5150-5157.; Chem. Commun. 2004, 40, 2124-2125.; Synthesis 2010, 24, 4221-4227.; JACS, 2024, 146, 1813-1818.; Tetrahedron 2008,
64,6901-6908.; Adv. Sci. 2024, 11, 2307563.; ACIE 2023, 63, €202313807.; Nature Chem. 2024, 16, 988-997.; Nature Chem. 2025, 17, 215-225.



Dearomative Insertions
Carbon Insertion

Activated Quinolines to Novel Benzoazepines: Nucleophilic Addition (Hari, 2010)

1. TMSCMGBON;, THF,

30 min )
P 4‘,> \; TMS  ————
SN 2. CuCl, toluene, 80 °C, 3 h o
. 82%
Me Me

Org. Biomol. Chem. 2023, 21, 5150-5157.; Chem. Commun. 2004, 40, 2124-2125.; Synthesis 2010, 24, 4221-4227.; JACS, 2024, 146, 1813-1818.; Tetrahedron 2008,
64,6901-6908.; Adv. Sci. 2024, 11, 2307563.; ACIE 2023, 63, €202313807.; Nature Chem. 2024, 16, 988-997.; Nature Chem. 2025, 17, 215-225.




Dearomative Insertions
Carbon Insertion

Daphenylline Total Synthesis Example of Biichner Carbene Insertion (Sarpong, 2024)

Me o
1. Rh(OAc),, 55% H 6 steps ‘Q'

)

0: Me

3 . Z0Y ) —= D!

W OO 2,250 °C, 4W then H,, ” »
o, PA/C then "Bu NBH,, 89% J "

daphenyline

Org. Biomol. Chem. 2023, 21, 5150-5157.; Chem. Commun. 2004, 40, 2124-2125.; Synthesis 2010, 24, 4221-4227.; JACS, 2024, 146, 1813-1818.; Tetrahedron 2008,
64,6901-6908.; Adv. Sci. 2024, 11, 2307563.; ACIE 2023, 63, €202313807.; Nature Chem. 2024, 16, 988-997.; Nature Chem. 2025, 17, 215-225.



Dearomative Insertions
Carbon Insertion

Rhodium or Zinc or Silver Carbene Insertion into Isoxazoles, Pyrazoles, Indazoles, Isothiazoles
(Davies, 2008 & Nakamura, 2023 & Bi, 2023/2024)

H
X o, cote =Y
o come o I( DCE: w°c, B0% f" ()\/\\ F,c)\., (:C
Ve )
M.)\e_ Rh(0Ac), M.)\/k oh )\;" X 01923‘9""3- )V""
L - 0,8 x=nos G ure

Org. Biomol. Chem. 2023, 21, 5150-5157.; Chem. Commun. 2004, 40, 2124-2125.; Synthesis 2010, 24, 4221-4227.; JACS, 2024, 146, 1813-1818.; Tetrahedron 2008,
64,6901-6908.; Adv. Sci. 2024, 11, 2307563.; ACIE 2023, 63, €202313807.; Nature Chem. 2024, 16, 988-997.; Nature Chem. 2025, 17, 215-225.



Dearomative Insertions
Carbon Insertion

o N0

Carbene Insertion into Polycyclic Arenes (Sarlah, 2022)
visible light,

o] o}
MeN¢/ MeN{/ KOH, PrOH, Cuclz,
EtOAc, -50 °C o N o N 40°°C, 2 h'then

_— — N [ >—TMs ——————— T™MS

then TMS H,N,, cm::l,, 01, ] °c,

sz(dhag, -50 °C Y

1025°C, 18 h,
79%

ACIE 2022, 61, €202208014.; ACIE, 2025, 64, €202416468.; JACS 2025, 147, 44699-4470

; Science 2023, 381, 75-81.



Dearomative Insertions
Carbon Insertion

Phenols to Cycloheptadienones (Jiang, 2025)

L b0 A o
NBoc
—_ >

© B,(NMe,),, Rh(esp),, @ﬂ

H,0, HFIP, it, 87%

ACIE 2022, 61, €202208014.; ACIE, 2025, 64, ©202416468.; JACS 2025, 147, 44699-44707.; Science 2023, 381, 75-81.



Dearomative Insertions
Carbon Insertion

Fluorocarbyne Insertion into Benzenes (Hong & Li, 2025)

Nu
Nu-H/SiMe;, KCg, PhF/ Nu
@ crcon D Mhase H DME, 78°C
ocCr, o I\
oc ° Fic—Cr; GO _FF
o 'od co
)

\
CFy

ACIE 2022, 61, €202208014.; ACIE, 2025, 64, ©202416468.; JACS 2025, 147, 44699-44707.; Science 2023, 381, 75-81.



Dearomative Insertions
Carbon Insertion

Bicyclobutane Insertion into Thiophenes (Glorius & Houk, 2023)

a 3
Ph - Ph @
s [Acr-Mes,]*[BF,I, s
MeCN, 450

eCN,
LEDs, 12 h, rt, 59%

R [per JosL R

ACIE 2022, 61, €202208014.; ACIE, 2025, 64, ©202416468.; JACS 2025, 147, 44699-44707.; Science 2023, 381, 75-81.



JACS 2024, 146, 2845-285.

Dearomative Insertions

Nitrogen Insertion

Carbene Insertion into Polycyclic Arenes (Ghiazza & Moreau, 2024)

e

Mes’

4AMS, CH,Cl,, 25°C,1h
then CICO,Et, NEt,,

7\
365nm LEDS, 25 °C, 16 h
—_— SN-N, or
or NEt;, PANCO, CH,Cl,, Yot
365nm LEDS, 20 °C, 16 h &

dv. Synth. & Cat. 2025, 367, €20241201.; Chem. Sci. 2024, 15, 2612-2617.

7\

N
N’N)—osu
o



Dearomative Insertions
Nitrogen Insertion

Arenols to Benzazepines (Wei, 2024)

coMe  TMS , Cul, CysPO, cO,Me N, COOM:
N OH TBI I?.toluen:e. z OH % 0 © N,
Cy™ = o) co -
—_—
B 2
cu(l)
Ph' 0’D Bu
COOMe T8PB
ces
Cu(II)Nl PhCO,Cu(ll)
CoOMe

PhCO,TMS TMSN: 0”

2a
JACS 2024, 146, 2845-2854.; Adv. Synth. & Cat. 2025, 367, €20241201.; Chem. Sci. 2024, 15, 2612-2617.



Dearomative Insertions
Heteroatom Insertion

Boryl Radical Insertion into Thiaarenes (Ye, 2025)

OBH,

Me$2\ -Me

s f\g -
“x-"~s” 4DPAIPN, CySH, DMF, blue
LEDs, 35 °C, 48 h, 64%

ACIE, 2025, 64, £202508379.; JACS, 2016, 138, 15315-15318.; Org. Lett. 2017, 19, 5557-5560.; JACS 2026, 148, 12486-12494.; JACS 2020, 142, 10125-10131.



Dearomative Insertions
Heteroatom Insertion

Ni-Cat Boron Insertion into Benzofurans (Yorimitsu, 2016)

2(pin),, NiCI(PPhy)IPr,

(Io} Cs,CO, toluene, 100 °C, (:C’jf""
e
/ 12h, 75%

ACIE, 2025, 64, €202508379.; JACS, 2016, 138, 15315-15318.; Org. Lett. 2017, 19, 5557-5560.; JACS 2026, 148, 12486-12494.; JACS 2020, 142, 10125-10131.



Dearomative Insertions
Heteroatom Insertion

Silicon Insertion into Benzofurans (Lu & Wei, 2026)

Et, Hy, Ni(cod),, IPrHCI/NaO'Bu,
Al(O'Pr)3, dioxane, 120 °C, 24 h

ACIE, 2025, 64, €202508379.; JACS, 2016, 138, 15315-15318.; Org. Lett. 2017, 19, 5557-5561

CS 2026, 148, 12486-12494.; JACS 2020, 142,10125-10131.



Dearomative Insertions
Heteroatom Insertion

Mn-Cat Heteroatom Insertion into Benzofurans (Yorimitsu, 2017)

MnCl,, TMEDA, RLi, THF/Et,0,
R

©:o) 78°C 1040 °C then o f!
) ——————— X
Z R

E=Si,B,P,Ge, T

ACIE, 2025, 64, £202508379.; JACS, 2016, 138, 15315-15318.; Org. Lett. 2017, 19, 5557-5560.; JACS 2026, 148, 12486-12494.; JACS 2020, 142, 10125-10131.



Dearomative Insertions
Heteroatom Insertion

Me Chemical Equivalent of Arene Monooxygenases (Sarlah, 2020)
o o o
EtCN, -78 °C, MeN{ MeN¢" H  KOH, 'PrOH, CuCl,,
visible light then 0* N o:( 40 °C, 2 h then
———— N — — 0o —>
Mn(CIO CuCl,, 0,, 25 °C, =
picolinic adid, 7 o H 12h, 5%
MeC 3H, -20 °C,
2h

ACIE, 2025, 64, £202508379.; JACS, 2016, 138, 15315-15318.; Org. Lett. 2017, 19, 5557-5560.; JACS 2026, 148, 12486-12494.; JACS 2020, 142, 10125-10131.



Aromative Insertions

Carbon Insertion: Indene to Naphthalene (Gutierrez & Glorius, 2024)

O N,

_<
| f COEt
Ru(dtbbpy)s(PFe),, Na,COs,

MeCN, blue LEDs, rt, 76%

Et0,c7

Nature Catal. 2024, 7,242-251.; JACS 2022, 144, 22433-22439.; ACIE 2024, 63, €202408230.



Aromative Insertions
Alkenes to Pyridines via Azide Radicals (Wei, 2022)
TMS ,, Co(acac),,

ligand, NH,OAc,
r,80°C A Ny

Nature Catal. 2024, 7,242-251.; JACS 2022, 144, 22433-22439.; ACIE 2024, 63, €202408230.



Aromative Insertions

Alkenes to Pyridines via Azide Radicals (Wei, 2022)

TMS ,, Co(acac),,

ligand, NH,OAc,
Ar, DME/H,0, air, 80 °C A'\("j
]:> —
%
1 . Nﬁ, N, N
Ph, Ph
Co(in) N Ny b pn—b I . —b
0, TMSN;  Co(lll)0,TMS A B &
Co(ll Co(lll
Pho_N, i R
S S
— @
E D

Nature Catal. 2024, 7,242-251.; JACS 2022, 144, 22433-22439.; ACIE 2024, 63, €202408230.



Aromative Insertions

Nitrogen Insertion: Cyclopentenones to Pyridones (Morandi, 2024)
Ph
kv o

NEty, TBSOT,
THF, rt then PIDA,

o
A
» H,CO,NH,, THF/
MeOH, rt, 30 min
Nature Catal. 2024, 7, 242-251.; JACS 2022, 144, 22433-22439.; ACIE 2024, 63, £202408230.




Aromative Insertions
Nitrogen Insertion: Indene to Isoquinoline

Metal Nitride Insertion into C=C (Brown, 1999)

JACS 1999, 121, 9752-975

CIE 2022, 61, 202213041.; Nature Commun. 2022, 13, 425.; Chem. Sci. 2023, 14, 2954-2959.; ACIE 2024, 63, ©202403826.



Aromative Insertions
Nitrogen Insertion: Indene to Isoquinoline

Levin (2022)

Nitride Regeneration:

1. NH40,CNH,, PhI(OAc),, MeOH,
Ph 2! = Ph 25 °C, 12 h then NH,PF, 74%
S 2. HOTsH,0, Phl(OAc),), MeCN, 25
‘ N °C, 10 min then Bu,NCI
NEts, MeCN, 80 °C, 1 h > - 3. LiCl, MeOH, 50 °C, 15 min then

46% (2 Steps) NH,PFq, 48% (2 steps)

JACS 1999, 121, 9752-9753.; ACIE 2022, 61, 8202213041.; Nature Commun. 2022, 13, 425.; Chem. Sci. 2023, 14, 2954-2959.; ACIE 2024, 63, €202403826.



Aromative Insertions
Nitrogen Insertion: Indene to Isoquinoline

Cheng (2022), Morandi (2023), Alcarazo (2024)

Hs, GF(+VAg(),
Mg(CI0,),, MeOH/CH,Cl,
R or Phi(OAc),,

" (O
Hy'(CO,NH,, MeOH, 0 °C
O e 2 OO
o or ', Rhy(esp)y, a A Oort

NaHCOg, CH,Cl,, -50 °C
n, 18

JACS 1999, 121, 9752-9753.; ACIE 2022, 61, 8202213041.; Nature Commun. 2022, 13, 425.; Chem. Sci. 2023, 14, 2954-2959.; ACIE 2024, 63, €202403826.



Summary of Skeletal Editing

peripheral editing

/\O/\

transmutation



