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Figure 1. Occurrence of a particular reaction, plotted as the percentage of which it shows up in at least one manuscript (n =125, U mber of reactions was
representative data set taken from 2014, J. Med. Chem., blue; 1985, J. Med. Chem., red). The arrows (and years) indicated the >
first citation of this technology in the primary literature. a ppl Ied s

D. G. Brown, J. Bostrom, Journal of Medicinal Chemistry 2016, 59, 4443-4458



A= /7 Research background

SKELETAL EDITING ON THE RISE

More than 100 research articles mentioning ‘skeletal editing’
have been published in the past two years.
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BEENE Research background
THEEMERGING CHEMISTRY OF SKELETAL EDITING

Chemists can easily add or change fragments on a molecule’s periphery (left).
Skeletal editing — changing the core skeleton of a molecule — is much more

difficult, but chemists can now use reactions to insert, delete or swap atoms
in these core areas (right).

Peripheral editing Original molecule Skeletal editing
HaC Nitrogen

HsC,
NH 3G, NH y deleted
gy < —> ==
\. ch\ NS
CFy | HaC CFa CFs

» 4

Vertices représent Gfey circles

Inserted Swapped
carbon atoms represent any oxygen carbon for
molecular nitrogen
fragment

onature
1)Mark Peplow.Nature, 2023, 618, 21-24, DOI: 10.1038/d41586-023-01735-1
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NH, NH;
N S
A N 4 N
Drug f\ Drug < IL/
Q HO—~\ o N/&O prem— HO= o N NJ\F
: evelopmen W
3\\‘ development ;}(J 2\
HO  (F HO  OH HO [ F
- CL-197
FNC cytidine
Approved for HIV and COVID-19 Phase I for HIV
Traditional method Future peripheral editing
B De novo synthesis W Multistep M Single step transformation M Chemoselective
B Limited access to analogs M Facile diversification

Yu, Journal of Medicinal Chemistry 2024, 67, 11459-11466. 5
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R
DG, Template =N--Pd
[ :[ _Pd i _-Substrate —= o R
- L=
He====== Pd finker NZ
Cyclic pre- C hane-like
transition state i

H--Pd-
pre-transition state
6-or 7-membered ring =12-membered ring

1)Remote meta-C-H is a chall IL:ortho-directed C-H

. DG, directing group. II, III and IV: Remotemeta-C—H activation using an ‘end-on’ template. The dotted blue lines
divide the arene template into four quadrants. The blue bonds in all figures highlightthe targeted C—H bonds. b, Templates for toluenes and hydrocinnamic acids

NZ MeE

tBLI BLI
Pd(OPiv) meta: para: ortho
Bu * ||/cOzEl i 9 ‘B“ 81 B TER
@f\ DCE, 80C o
N/’ 18h
H =z

COEt

c CFs3 Me 0
/@Me @\/COOH @\VCOOH :COOH
Br Me
b ! 44

1)Jin-Quan Yu et al,Nature 486, 518-522 (2012). https://doi.org/10.1038/nature11158




C-H Activation

| N e g
7
C6-H versus C7-H C7-H versus C3-H N N
= ]
Remote and adjacent similar M
R Re
Recognition of distance and geometry Recognition of distance, geometry and chirality
c
FG H H H H
Pd(ll)/Ac-Gly-OH Pd(ll)/Ac-L-Leu-OH
Het Het Het
T12 (20 mol%) (S,5)-T25 (30 mol%;
H N ( 6) H N (8.:5)-T25 ) FG2 N
A
(FG' = olefin, alkynyl, allyl) o | _ o Bicyclic aza-arenes | A (FG? = olefin, alkynyl)
N 0, Z ()
MeO N
F,C NH HN
T12
E
CFy N

: Me.__Me :
: EtO,C & d
: EtO,C.,. 2 N :

b, Challenges and solutions to C6- and C7-selective palladation. ¢, Catalytic C6- and C7-selective functionalizations (this work). M,
metal; L, ligand; FG, functional group; TIPS, triisopropylsilyl; nBu, n-butyl.

NTin-Ouan Yu Nature 610 R7—903 (2022) httns://doi ore/10 103R/<415R6-022-05175-1
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Well established
Traditional
de novo synthesis N
. =
U { —o——e—o—0o—

Alk - N
R Sl s T e -
v

i No general method for annulating heterocycles ‘\ N O

¢ Br ) | .
TR TR A m O N NBoc M?}mmr:gs
<N b <N

‘diradical synthon’
op oo
Me”” &
NBoc Y :’N ( )i |\
P>
e thy OX\O | = N NBoc
0 =
Me’ N

More than 50 examples

Rapid access to small-, medium-
Late-stage of in one ion vessel bicyclic, spirocyclic rings

1)David W. C. MacMillan, Nature 628, 326-332 (2024). https://doi.org/10.1038/s41586-024-07181-x
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Bromo- GF3 GO,Me ;
alcohol? 2 NHBoc NHBoc NHBoc NHBoc NHBoc Yo -
| Z
NHBoc Sn Sy
Ho:)/ S0.Me
Br.
4,60% yield 5, 41% yield 6, 45% yield 7, 45% yield 8, 41% yield
2 (77% per step) (64% per step) (67% per step) (67% per step) (64% per step) \/
96% ee NBoc
N iti Minisci S
Z
NHBoc NHBoc s NHEoG KiHidios C 0
N7 S0,Me
NHB( NHB( 2
» / / o0 AN oc { {
| | 9 ([ " . 20, 51% yield (72% per step)
N7 “Me N7 N N N )
SO.Ph
‘ BOCN/\ HO,
9, 75% yield 10, 64% yield 11, 56% yield 12, 46% yield 13, 44% yield 14, 55% yield k/N N T Neoe
(75% per step) (68% per step) (66% per step)® (74% per step)® \r\lk 7
R

(80% per step)

(87% per step)
NBoc

Diol®

HO.,
Z
NBoc SN e, B"C'O

3 N\r/N

HO' 15, 50% yield 16, 48% yield 17, 32% yield 18, 41% yield 19, 50% yield e | Ngoc
3 (71% per step) (69% per step) (57% per step) (84% per step) (71% per step)
21, 34% vield (58% per step)

1)David W. C. MacMillan, Nature 628, 326-332 (2024). https://doi.org/10.1038/s41586-024-07181-x



NH |
N/\/N\
Deutetrabenazine Deutetrabenazine Dosimertinib !
Approved in 2017 Approved in 2022 Phase | clinical trial
B
R—NC +  H=P
visible light RN & D>4D H)LH o
I /i
e PC PR NP P NP
visible light
9 D,0
under-
explored B DAT PC
R-N=C=<P R-N=C=F ilse
imidoyl visible light CAminG 4h Vs 3m
radical imine carbanion
Ramos: ICgp = 4.20 uM Ramos: IC5p = 37.95 pM

visible-light-driven umpolung

« Visible-light-promoted ~ « Metal-free  «#High atom economy

b, Challenges and solutions to C6- and C7-selective palladation. ¢, Catalytic C6- and C7-selective functionalizations (this work). M,
metal; L, ligand; FG, functional group; TIPS, triisopropylsilyl; nBu, n-butyl.
1)Shu-Ting Zhang, Organic Letters 2023, 25, 8016-8021. 10



HNERLE

13c0, (-1 atm) 13C0, (-1 atm)
1] 1'%¢) 1% 1{'%¢]

13 . o 5
Cc CO,K 'CO, (~1 atm, 6 equiv.) CO,K . DMF 70 °C 20°C
cation 13C incorp. (time) conditions  3C incorp. (time)
NC DMF (0.1 M 1) NC K* 85% (1h) THF 0% (5 h)

1-['2c) 20°C15h 83% 1-[3C] H* <5% (8 h) DCE 0% (5 h)
[99% yield total 1] Li* 72% (8 h) H;0 0% (5 h)
Na* 77% (8 h) DMSO 47% (5 h)
carboxylate 1 mass balance with 5 equiv. MeOH: >99% Cs* 63% (5 h, i) DMA 45% (5 h)
[no protodecarboxylation] 0.5Zn™/Cu™  <5% (8h) DMF/18-C6  67% (5 h)
100 000 O o4 100
stability > -
- =]
[=) o © O
O 80 I ochange 0©° 80 2
5 - E
§ 60 o {60 3 ) Atom exchange
- § o o
gl L {40 2 g E0xtam) .
o o = PhO 2 then HCI PhO  COM
2. 20ro 120 §
k2 = Fenoprofen
00 0
0 5 10 15 20 25 0 O 193, (1 oy 0,
Time (8} Q coK m;n HCI Q POt
o 0
Isoxepac

Lundgren, R. Jm,Science369,557-561(2020).DOI:10.1126/science.abb4129 11
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: - K, 1360, (- : ' :
G elerd)ary; astar, kalond, cOK CO; (-1 atm) G__COM % 13C incorporation (% yield)
amide, sulfonyl, nitrile —_— temperature, time
R = any, alkyl, H AR then HC AR pSTETS;
ary and

9 3,5(CFy), 84% (85%) 80 °C, 19 h
COH 10 2-CFy-5-F 90% (85%) 60 °C, 2 h COH COH COH
11 4-Ac 95% (89%) 80 °C, 2 h NO, Me Ph Ph Ph
12 4-CHO 66% (53%)" 55 °C, 2 h
1 4-CN 85% (96%) 20°C,24h 13 4-G(O)NEt, 67% (30%) 80 °C, 17 h 21 93% (76%) 22 92% (83%) 23 93% (90%)
2 2:CN 81% (81%) 80°C, 19h 14 4-CO,Et 94% (79%) 70 °C, 17 h 20°C,6h 80°C, 2h 20°C,15h

3 2-NO, 94% (87%) 20 °C, 4 h
4 2-NO,-5-163% (77%) 20 °C, 6 h
5 4-CF; 92% (83%) 90 vC, 26 h

6 4-B(pin) 93% (73%) 100 °C, 5 h
7 4-Br 95% (77%) 110°C, 14 h
8 3-CI 87% (77%) 110°C, 9 h

15 4-50;Me 87% (89%) 70 °C, 5 h

16 H 81% (82%)"100 °C, 47 h

17 4-OMe 72% (84%) 140 °C. 21 h

18 4-NMe; 89% (72%)"1* 130C, 25 h
19 3-OMe 89% (78%)1 100°C, 18 h

NC
Q(cozu

COH

JZI&
MeO' [}

26 65% (64%)" 1+

HN L _coH
(64%)

20 3,4-(OMe), 81% (76%)! 115vC, 18 h 24 94% (96%) 25 27% (83%)

85°C,1h 20°C,0.33h 130°C,25h
N N o
2 NZ -0 / S
4 COH
(Nl,cu.ﬂ (\Nj\,cozn M _com ""'Q;k,co,u QK,CC’&H EIOJHR’
27 48% (80%)* 28 29% (68%)* 29 41% (69%)* 30 56% (99%)" 31 89% (70%)" 32 H 37% (82%)* 40 °C, 21 h
50°C,16h 50°C,16h 20°C,15h 40°C,24n 100°C, 20h 33 Me 89% (75%)*60°C.21h
34 4-pentenyl 94% (80%)* 60 °C,22h
35 I 87% (71%) 60°C, 22 h
8 PhOS._COH  NC._COM o . -pentyny (71%)
J_com PhO,S__COMH b Y Ph o
Ph Me Me =N KO,C.__COK 3¢, uo,cj,n
36 89% (70%)" 37 67% (74%) 38 80% (84%)* 39 67% (82%)* 40 61% (92%) pnj’ 135 °C, 48 h, 18-C-6 Ph
20°C,1h 20°C.2h 20°C. 26h 60°C, 18h 40°C.28h 41R=CO;H 31% (82%)" 42R=H 39% (12%)"

Lundgren, R. Jm,Science369,557-561(2020).DOI:10.1126/science.abb4129 12
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Functional Group Transposition

against aminoglycoside antibiotic-induced hair cell death
glycogen phosphorylase inhibitor

Oxygen3 —> 2: 13-fold potency boost

[a-functionalization] o [reduction] OFG

-.)\rx o -.,H,x
= [FGinstal] &, _
X = SPh, arylidine
[3-4 steps] X [l-l-'-'ﬁ" ring opening]
N or
LA suhsba!eﬂepeﬂdenl ,)j’
X=0,1

[ul-dﬁv- protection]

[oxidation] 2
Ty > S J\ro ‘)\]\3
substrate dependent " l‘ " substrate dependent

NDone G SciencedT4 734-7402021) DOT:10 1126/<cience abl7854

Oxygen3 —> 2:

[efimination]

[hydrolysis]

[ozonolysis]

[reduction]

[nxkhﬁon]

[reduction]

[mdudhn]

[deprotection]

9-fold potency boost




HMEImAE

Functional Group Transposition

. ‘)oﬁ\‘ carbonyl 1,2-migration -~ /l\rn
. , Binclotelc ol bl F24 :

i A

LA i

M 1- or 2-pot ketone 1,2-migration
J I"“’ W high regioselectivity
ot H X M bifunctional HIN donor
ol s g-] S ,/g]/ .,"\) W amide-based NBE cocatalyst
e L N M broad functional group tolerance
in situ a-amination
X=00rCH, - .
s ":W ipso-hydrogenation
alkenyl trifiates”
!0 o 0 o - o
T oo oy Cr 4O
S
MeO' Me (e} )
3 4 8
> + A 1 [step 1] 92% 1 xEnth
82%' (68%'*) 2% 78%" (67%"") 55% [step 2] 43% 60%" (55%™)
d alkenyl triflates "

ool o s caa » JRVSEES BN o U

7%

(4)-18
[step 1] 91%
Of (step 2] 60%

(2)-19 (2)-20 (#)-21 2
[step 1] 92% [step 1) 87% [step 1) 87% [step 1) 89%, 7:1 v
[step 2] 54% [step 2] 56% [step 2] 53% [step 2) 57%, single isomer

NDone G SciencedT4 734-7402021) DOT:10 1126/<cience abl7854 14



HNERLE

A. Bi active fully py!
Ph vl
cl N
H 2 It
/N\ 1 N
Ph 4 E 4
B -
OH F
N HO™ o ©
NH
HO™' OH
Licofelone Lipitor® Sutent®

dual COX/LOX inhibitor cholesterol-lowering drug anti-cancer drug

. Multi-step of het ycl
peripheral editing

step1 step2

multiple steps

. Single-atom skeletal editing of heterocycles

Deletion
nsertion

ring size changed

Expansion

<:>(
Contraction

Zhou, X,ACS Central Science 2023, 9, 1758-1767.

NG EIEENT

. Our pi

simple U
X

gy for heterocycle editing

’,

one-step skeletal recasting N 4
_ [/ \3 __ complex
@ (molecular perturbator) X

deconstruction
X X /

of simple pyrroles

reconstruction

{ 5 acid catalyst
e / N ) i + NJy  cemeeeeee- - + NH3
b -
’/ RZ \
«cheap, abundant ; R1020\/\ =Ny, 3 ‘\ <biologically useful
«commercially available ‘\ N COR / =present in approved drugs

readily accessible

deconstruction of simple pyrrole via dearomatization?
reconstruction of complex pyrrole via rearomatization??

synthetically challenging



Stereochemical Editi
istry: B ical “editing” logic:
—_—

Me Me
8u(H)-drimane
(2a)

HMNEEIGmAE

A Importance of relative
= medicinal chemistry ==
=N

1
N” N

I N
N
N’N
= Me

Me
Me N
U e
F

Me,, N

. ooone
(+/) - cis (+/) - trans
34 nM OX;R F 0.3nM OX;R
— fragrance industry ==
Me Me Me
» >

0 "%Me o Me

I-cis-rose oxide
(clean, light, rose)

A x
O ""%Me

d-cis-rose oxide
(hay, heavy, earthy)

weak (50 ppb)

Irans-rose oxide
(green, herbal, minty)

weak (160 ppb)

= energetic materials =
OzNOﬂONOz
", -ONO,

very strong (0.5 ppb)

h

Me this work:
_stereochemical editing l

e@ Iri Imens
84(H)-drimane
(2b)
C ci in 2
acidic C-H weak BDE strong BDE
(not acidic)
H H H
e s s ——HAA.
/LEWG /LO,N )\ 1
: H © this work ["/\]
v v v
~— HAD:

\
\rO.N
o
H
under-

__‘\rEWG
H H
i
explored
16

OZNO:):(: ONO,
O,NO ONO, O,NO
[cis—cis—trans]
liquid: melts <—40 °C

[all cis]
solid: melts > 100 °C
desirable prop

Wendlandt, A. E.,Science378,383-390(2022).D0I:10.1126/science.add6852
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A Reaction optimization

TBADT (1 mol %)
{4-CI-PhS); (10 mal %)

OBz TBAH,PO, (10 mol %)
—_—

OBz MeCNH,0 (2:3, 0.2 M)
3a 390 nm LED, 23°C. 4 h

C Preliminary sy

(i) ring strain effects

OBz ~0Bz
o 6
( " OBz ( " OBz
n=1,3b(82%)"

4b (B1%)"
=13, 5b(53%)"

(iii) substituent effects

al
(4-CI-PhS); TBAH:PO,

scope: yclic saturated

Stereochemical Editing

¢

(ii) varying substitution p.mem

Seoulicheh @ -0

b (B7%)"* Ta Tb (75%)1 8a 8b t?m)" ¥

iv) site-selective HAAMMAD

R
NN O;‘ ~CL ™ @
R
aien }';;‘f;%";‘,f, hHEo: Moo NHBm
N S R =Bu, 13b (10%)"
HO Me HO Me tSd%)5-‘ "
+)-16a +)-16b (97%]
iconaton ) o (mg,,
Pr Pr iP"B e o
Het,,
[s] 0, (s} " g
[y e -
HAA by DT 50 -
EWG hﬁe Ms:. D Me PMe
e (15»: (+11T: (+H17b
Wendlandt, A. E.,Science378,383-390(2022).DOI:10. 1126/sc1ence add6852T )

(53%)1 17
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Stereochemical Editing

om - om . ‘H

polycyclic

H (+)-23a A (-23b s2%)Tt

: Diels-Alder retron

fused bicyclic saturated
CO-CO
X X

X=0,18a 18b (34%) 1+ X = NH, 20a : 20b 20a : 20b (dr 1.0 - 1,5
X =CHy, 19a 19b (80%)+5 (dr 3.5 1.0} 55% yield of 20b)§

X = GHy, 21a 21n(91%]'

X=0,22a 22b (94%)°

E: ding stereospecific r
A ion of st ” by dienophil y
ity phase “
editing phase

\ 4+2]
Then ) M

OR Me
| >
A

oMe
- D
A

H
< 24a 24b (62%)"1
A overturning I: hydrog retron
ity phase .Y . base-mediated epimerization
editing phase unsuccessful
R Me, Me, Me,
o 3
» | D ~ D[ D
N7 TCOMe N7 TCOMe N7 1COMe
" Boc Boc Boc

Wendlandt, A. E.,Science378,383-390(2022).D0I1:10.1126/science.add6852

(-)-31b (57%)" (+r31b

(-)}31a
(31a:31b =6,0:1.0)



vector map of
(hetero)arene
skeletal editing

£ (i) > ()

transformations
* atom insertion
* atom deletion
« atom exchange

toolbox
o (retro)-[4+2]
* photochem
¢ electrochem
 radical chem

- ring size N

+ heteroatom f

<'z;:\>

=

¢ )<

Zz-Z

- heteroatom

Skeletal Editing

+ring size

19
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A) Buchner, 1 885

Nz
[Rh] cat. or cozn COR
hv or heat
B) Sarlah, 2022
0 MTAD (1 equiv.) ™S
AcOEt, =50 °C
visible light (¢]
then ,N—(
Pdj(dba)s-CHCl3 (5 mol-%) N. _N.
TMSCHN, (3 equiv.) T Me
-50t025°C, 18 h
KOH (7 equiv.)
0§,( 7;0 ‘PrOH 40°C,2h
“ CuCIz {5 mol-%)
MIAD 0,,25°C, 12h

i)

Ring Expansion (Ring Expansion with C-Atom Insée

MTAD (1 equiv.)
EtCN, =50 °C
visible light

then
Mn(CIO,), (5 mol-%),
picolinic acid (25 mol-%)
AcO,H (4 equiv.)
=20°C,2h

O —

a)Ber.Dtsch. Chem. Ges. 1885, 18, 2377-2379.b)Angew. Chem. Int. Ed.2022, 61, €202208014.

[o]
(o]
et
NTN\MQ
0

KOH (5 equiv.)

'PrOH, 40°C,4 h
then

CuCl; (5 mol-%)
0,,25°C,16h

20



Ring Expansion (Ring Expansion with C-Atom Inse

7J|:|
ZRim4E
E) Levin, 2021 I
n N=N .
heat
N ; " N
H Na,COj (3 equiv.), CH,Cly, 50 °C, 16 h L N steric protection of
./‘\CI quincline N
F) Levin, 2022
Py N=N
Qo —== (2
/
N =
H Na,CO,3 N Ar
MTBE, 60 °C
J ‘ - HCI

=
CC\ oo
NH : rosuvastatin analog 28% over 3 steps

E)M. D.Levin,J. Am. Chem. Soc. 2021,143, 11337-11344. F)M. D.Levin,J.Am. Chem. Soc. 2022, 144, 19258-19264.

21



=0 = : . ) s .
= %ﬁﬁiﬂ Ring Expansion (Ring Expansion with C-Atom Inser
—\ 2PF,
Ny Blue LED (i, =450 nm) Sy - NF* E/EIJ/Q
* = COOR, CF3, CONRR", CN, P(O)(OR),, SO;Ph, SOsEY, COAr, COR .

'l
P(O}OMe); mn (OMe); Algosterone P{O)XOMe); 4%
synihase inhibitor

PIO)OMu
_\\ =N mm P:OKOM-M
s Co0 == X
ot S

c
. COOE1 COOEr Y
N
0‘ swme:m m/ PoidppiCly /@:’ PA(PPhy),. C3;C0;
i "[||—< 2 o =z KOAc, B,pin, Bpin Br @ ="
COOE! 3g. 62% 5¢. 90% M’Q MeO 5d. ?ﬁm
ha ]
Nl

Osvaldo Gutierrez & Frank Glorius,Nat Catal 7, 242-251 (2024). https://doi.org/10.1038/s41929-023-01089-x

'OE1

22



=50 = . ] ] " R I
ﬁ?héﬁﬂiﬁ Ring Expansion (Ring Expansion with C-Atom
e FG S‘Ar OH
MOH —Ars~ g VH\/\ \©\ _FG FG=CN,SCP-2
competitive chemoselective _@ /\FG R@ SO,Ph, SCP-1e
N/

reacting groups sultenylcarbene cyclopropanation
Cs,C04,

=c,
%[X /\Nl 3{ SAr 3{~X/\./FG THR, 1, 12 h 4
J\ N >

4 |
S NH ArSH \'J\N/J

pyrrole, indole, FG = SO,Ph,CN, PO(OR),, Alkyne, Ppyridine, quinoline,
imidazole SO: R,, SiRs 2 pyrimidine N R Br. 24~ CN MeQO ~CN
Q@ =-OH, -COOH, NHTs, NHBoc, thioether, alkene, alkyne, epoxide, diazo, etc /J m \©\/\’J
_____________________________________________________________ N N N

/' Direct carbon atom insertion bearing v Good functional group tolerance:

versatile functional group -OH, -COOH, amines, amides,
Easily accessible, scalable, and alkenes, alkynes, epoxids, efc. R =CN, 4a, 85% (65%)" 4b, 78% 4c, 94%
benchtop stable non-diazo carbene 4 Late-stage skeletal modifications; SO,Ph, 4ab, 62%
precursors 57 examples; up to 98% yield
SCP-2 SCP-3 SCP4 SCP- SCP-6 SCP-7
H Cl
Ar. \ O Ph\ ,Ph
‘s’ FG *—CN  *—=—TMS '—P OEt -—s N p - 4 =g
SCPs) _FG & <5
._@ __(scPs) . H ~t 2ea 2ca
N Base, J 2ab .28 _M 2"' 0°C-1t,6h, 0°C, 12h,
H THF, temp, time N 2 rt, 10 h, 0°C-rt,4h, 60 °C, 24 h, i, 12 h, 64%" 85%
_ iyt | 99% 65% 45% 98% 1e
FG = functional groups 1a, Ar = p-tolyl, Base = Cs,CO, A = Ph, Base = BUOK
23

Indrajeet Sharma,Journal of the American Chemical Society 2025. DOI: 10.1021/jacs.5c02012.



Ring Expansion (Ring Expansion with C-Atom Inse

. ‘~,<J>" Br, PO(OEY,
A’ . ~a +
. % iR | ol
A%
0, o F o, _F
F

3 16, R = Me, 68% 18
17.R=F,67%

Site selectivity
O F
o <
NS — M"_Y(F
Me' 'Ar )
Ar = 4-OMeC,H, 45
44 78%,
1.5:1dr.

Ming Joo Koh ,Nat. Chem. 2025, DOI: 10.1038/s41557-024-01730-7

o. F o, ,F o, F
F F F
Ph
Ph Me Me g,
a4 a2 4
88%° 86%° a2%e
0. F
Me
0. —= "N~
M.—<>----Ph /
Ph
46 47
86%,
>98:2d.r.°
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Ring Expansion (Ring Expansion with N-AtomInser

+ hypervalent iodine

i !
synthon equivalent
g eS| OO [ 6] g
- '~ - - o,
nitrene iodonitrene [§i| proposed nitrene species N D - .I©
18i) ~[si]
A F group
peeianceince o CPTCCY ST
i N i “‘? N** N > N
K 8m (63%) 80 (53%) 8q (51%)

®=1 8b(74%)

8g (66%)

81 (39%)

B Proximal substitution

OG- TR Ay
¢ 8ac (98%) N

8ab (41%)

>0 N

8ae (66%)

9

Bk

skatole bioisostere 8ad (64%)

25

Bill Morandi,Science377,1104-1109(2022).D0I:10.1126/science.add1383



%%gﬁiﬁ Ring Expansion (Ring Expansion with N-Ato

B Our hypothesis ________________

/> m—SAr /\x/*?

J\ S-Ar S-Ar
\, ] ArS —0 lﬁ -— @
pyr/m/dlne,
pyrrplgc,jlndcl)le quinazoline Ar =2,4- d|n|trophenyl
or imidazole

e Additive-free reaction conditions Theoretical

or triazine i e S—N bond length:

R
Ph, 80 °C SNP-3
S mSA ﬁ—T R R=HorPh

TsN™ 'ph Ph,S=NTs
SNP-2 e Nitrene generation over a broad |
- temperature range (-30—150 °C)

Indrajeet Sharma.Science387,102107(2025).D0I:10.1126/science.adp0974

e Compatible with oxidation- sensitive S—N |1.717-1.741 A —
functional groups S=N[1.543-1.580 A :616‘;1180 i
o Late-stage skeletal modifications i [SSN] 1480A | el .
S S Gamara o e s mas e 5
-30to 0 °C |
Ph;SZ)+ ArS—Cl BSAT |
- Ph3SCI R!
SNP-1 0 120 to 150 °C b !



R R? R? R
3
I SNP-3b .R)\IRZ R@
4 ~R1
RENTRY pnci120°C.2h  ge PR RN ORI oo
1 2 2 e
A scope and of pyrrol o OMs
2-naphth)
Ph EIO;C /| e O O OMe  antitumor
d”“ Ph R / ‘ N /1 agent
Me Ei | H N
55% 90% 2 2 “13
(29 29’ =1:2) l(Zm:Zm'=1:5) 5 @y y ) OoMme ome
g
R = CO,Me, 88%, (2b:2b’ = 1:5) 2-naphthyl OMe
= COMe, 90%, (2¢:2¢’ = 1:3) EtO,C 2-naphthyl o} OMe
=CN, 91%, (2d:2d"
= SO,Ph, 85%, (20:26" = 1:10) Elovc + L A
=NO,, 80%, (2f:2f = 1:6) N N OMe
il N 2y Br 2y N
m SNP-3b
N chlorobenzene, 120 °C, 2 h
A Scapi ok Rinine 3 "standard conditions” c. to
Ph OMe X OH
X=H, 4f,92% Ph
2., O o, o, O QR < Iy
2 ] = Br, 4h, sz%
N7 CogEt % & ” = CHy, 4i, 90% 4,85% | N OR
4b,60% o N 7N RO.
4a, 55% 4c,95% 4d, 92% de,65% O N H 3t RO, O
R l 92% O
NHBoc 2!
O HN-Ts Ph | N A\ =
MeO' NZSN N™ °N
O P b N e, NH e Q\)/r S R =Me, 3u H R = Me, 4u, 96%
N ‘e 4 ew =H,3v = o
N H NH “pyrroloindoline” . Q§ N7 N7 4t DYRK1A inhibitor H, 4v, 62%
a, 70% 3l 5,82% 6,70% H NrPhlhr!ryplamme N= 4m, 48%
27

Indrajeet Sharma.Science387,102107(2025).D0I:10.1126/science.adp0974



%%gﬁiﬁ Ring Expansion (Ring Expansion with N-Atom'Inse

i) single step ii) only H by-product
iii) unexplored diverse functional groups

iv) theoretical atom economy up to 99.2%

Xu Cheng,Nat Commun 13, 425 (2022). https://doi.org/10.1038/s41467-022-28099-w

of S ofrof-S ok

NHa‘

S Loy —Sod
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1) R* ' )
TiClg(THF), (1 equiv.)
R:_7 o, Ti powder (1 equiv.)
I
=N R.N dioxane, 100 °C
R g
) R?
[4+2]
—HNR, RZ
— J o[ —
R RN
RZ
| o
R' N' R?
NR, R2
L — _/'
(O]
R °N - HNR;
I NRy
9

Aaron L. Odom,Org. Biomol. Chem., 2022,20, 6630-6636

TiCl,(THF),
Ti powder

————————
dioxane, 100 °C

R?

']
Z R

S,

R'" "N” "R®

Enamine

Product (% yield)

1

P

2b

3i(84)

3k (86)
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'E'ng:'iﬁ Ring Expansion with Atom Exchange

Lei & Chiang, 2019

i) Mes )
[Mes-Acr][CIO,4] (5 mol-%) clo,
Z
X 7\ “a’ \
| ” -A- N +  1/8Sg
R g ] R ®_
= I P N
MeCN, blue LEDs, N, r.t., 12 h Me
[Mes-Acr][ClO4]

S
79% :
[PCI*
% 0 =
£5
(Pr)oN w —1/8 Sg O
’ ® 9

hy [PCI*
O 72%

Prof. Aiwen Lei,Angew. Chem. Int. Ed. 2019, 58, 12206
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3 JEEeE

E This work

X,

[ N Ph
o ('Y H
N Ph 0. N e]
H ~Y \/&0
W Molecular editing (> 40 examples) [e) 0
W Novel Norrish Il application B B
Acyl Azacycles Amino Cyclopentanes Peptides Sugars Heterocycles
A Proposed Mechanism
- 0 .‘H B Potential Challenges
¢ d
v

7

(o}
.l.
.~N .
Excitation ‘ -~ Framework Editing - - 3 . Mannich ‘ H N
o’ ¢

Further Reactivity Norrish |

. {\ Ketone Excitation (V) Acyl Cleavage (VII)
o
1) i <" 1,5 Abstraction ? i +-OH  Fragmentation L:ﬂ N
- [
[} m v

@ = Protecting group @ = Aryl group

Richmond Sarpong,Science373,1004-1012(2021).D0I:10.1126/science.abi7183

<X,
N’.

Norrish-Yang
Azetidinol Formation (VIII)
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Cyclic Amine

3a:R=H
3b: R =p-Me
3c: R = p-OMe

3d: R=0-Me
3e: R = p-Br
3f:R=pF
3g:R=p-Cl
3h: R =p-Ac
3i: R = p-CO,Me
3j: R = p-NO,

Product
( e
Z
;as‘ N
H Ph
o

4a: 84% (2011 d.r)
4b: 79% (12:1 d.r.) (78%)'"

4c: 68% (8:1 d.r)

4d: 48% (19:1 d.r)
4e: 74% (12:1d.r)
4f:63% (19:1 d.r)
4g: 59% (3.3:1d.r.)
4h: 22% (5:2d.r.)

4i: 24% (19:1 d.r)

4j: 0%

Ring Contraction

Cyclic Amine

Ph

3m: R = Piv

3n: R=COBn

30:R=Bz

Cl

3q: M
¢ Ho—(—:we
Ve

400 nm blue LED
Benzene (0.05 M)

Product

Ph

am: 54% (1411 d.r)*
44% (19:1 d.r)! (40%)"

4n:39% (2011 dr)*

40: 44% (14:1 d.r)
30% (6:1d.r.)"

ap: 27% (2,611 d.r)*

4q: 22% (2011 d.r)
23% (20:1 d.r) (21%)'"

Science373,1004-1012(2021).D01:10.1126/science.abi7183

Ph

Heterocycle

Product

Tosy
H

Ph
[}

8¢: 6% (3:1 dir)

HS'

Ph
o)

8d: 83% (20:1 d.r)

Ph
o

8e: 75% (2011 dur)

Heterocycle
o
Q.
o
Ph
7
B
B
AN
Ph
79
0" NZ°
Ph
7h

Product

HO’
Ph
)

8f: 37% (20:1 dir)

E
E

HO’
Ph
)

8g: 80% (2011 dur)*

HO’
Ph
o

8h: 85% (20:1 d.r) **
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B8
\
@/ _._
'9 PhMe, 0
|
>at

Ring Contraction

1
N 390 am LED e
oo
{ o

S =
— (o]
X
NZ N
0

Mark D. Levin,Science, 2022, 376, 527-532, DOI: 10.1126/science.abo4282

L) Toluene

|' 25°C, 05-5h
B ———

then TFA,
25°C,2-5h

= .

o
,./
NH

: \
" @°
2

) me0,C

0

2,
ci N

~ 0
0
HO
Me Me

44%
from montelukast
(leukotriene receptor antagonist)
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il
o
%

I

H

L) Toluene :

N IV 25°Cc,05-5n "
e

. - then TFA

¢ ®N ’ H
H ! ‘ 25°C,2-5h :
Ye)

1
Selected example
synthetic synergy

electrophilic nucleaphilic , ___ . nucleophilic oﬁ\ 0

radical heterocycle

o.
@ heterocycle [ j
N Br N (Bzoc))z. TFA 0 Br. A
2 e] o] \-=o \©f) Minisci =}
ne” 02( N” “Me akyiation N\__
OMe . M =0

. 2af, 47%
2b, 46% 2¢, 52% 2d, 71%" +

Hg L : 0%)
[Hg Lamp: 10%] g Lame: 0%
N N N
L \
S~
e

. -
o ‘2o ‘5o +w pmve o L) ovon, e
Me\( ° Quinoline !
Me 0, Symhese /@/ %
S c
2j, 72% 2k, 57% 21, 50% e p:
J 4 4 = 2ag, 56%

Indometacin Derivative
(anti-i Y

Ring Contraction

skeletal diversity
Me CO,Me

N//I\>—CO Me s
oL e T N)—Pn
o \
\so
pr’

Ph” N
\ \
*=0 Me ’( 4 ~Me
me” Me 07 4 ~Me
2ah, 71%" 2ai, 48%" 2aj, 27% 2ak, 29%*
[Hg Lamp: 3%]
late-stage scaffold hopping
[¢] F

c.f. Fluvastatin
(Fig. 1B)

| 07<°
So md Me

2am, 52%
[Hg Lamp: 0%]
from Pitavastatin
(HMG-CoA reductase inhibitor)

2al, 44%
from Montelukast
(leukotriene receptor antagonist)

Mark D. Levin,Science, 2022, 376, 527-532, DOI: 10.1126/science.abo4282
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Substituent
Swap

Atom
Exchange

N
1
<N
N

7a0

Carbon
Deletion
mCPBA 1an 0, TsOH 2  NaHg+H,0
82% | 27 87%

Scale Up In Flow

Carbgn Substituent
Insertion Replacement
N=N
7
Ph” ~CI
70%
Carbon A\W
Deletion N’
3"r’nCPBA'1;° 0, TsOH 280 1BUOK H
L 81% Pso% T 9% 580
7777777777777777777777777777777777777 1.‘0 gram scale‘
MeOH, HCI NaH G
PhNO ¢ H:NOSO,Mes
,,,,, 0% 9%
Nitrogen
Insertion
35

Mark D. Levin,Science, 2022, 376, 527-532, DOI: 10.1126/science.abo4282



o

Pyrimidine Carbon Deletion

hydrazine
N (small xs) I A\

isolable but not isolated

up to over 40 mild one pot complex
90% yield examples conditions protocol substrates
Selected example
[¢]
o s
/N \ S /\' _\/ [0}
o7 N N
= \ H/\OC\(N
(o]
42: ion yield: 17%¢ (Ri ® derivative; 81% RSM)

E

v, 5%
FeC N =N 0

43: contraction yield: 65% (31% RSM)

Richmond Sarpong,J. Am. Chem. Soc. 2022, 144, 48, 22309-22315

Sarpong, 2022

R1
2
R2 TH,0 (1.1 equiv.), dioxane, r.t. R
XN A\
| then | N
R? N/) H,N—NH, (3 equiv.), MeCN, r.t. R3 m

N/
|
| - HNQ
NH
s O
Ph N/l oTf Ph&@
NTF
‘HZN—NHZ
_NH _NH _NH
HNT 2 HNT 2 |N .
T T . N
|\//T/ —_— //lT/ — P/
) S N
Ph” N Ph” N Ph” N
36



[ base
S al R P
/t - P>
0 N, S0 N. N .
H H

N
. )
Zincke Intermediate OH |
@.g., radical precursor e.g., SNAr substrate NH " ‘
= N ¢ “@;N [ ] o P
I o | o N S N —— "
I 1 N= —
Alkyl (het)Ar 4<0H NT<\ N/A-R
- OH
C)
N!\N [. =N N7 N7
U] | + | - |
N;/N Nao N

37
1)J. Chem. Soc. Perkin Trans. 11979, 430-432.2)J. Org. Chem. 2021, 86, 8286—-8294



EaayEts

(1.5 equiv.)
KHMDS (3 equiv.) O O KHMDS (2.5 equiv.)
dioxane / PhMe o \\ dioxane / PhMe
80°C, 16-24 h 80°C,16h
PhPH, ( 2 equiv.), KOH (3 equiv.)
DMSO0, 20 °C, 2 h
then H,0,
Ph’P\\O
Ph
En p-toluidine (2 equiv.)
e PhMe, reflux O OO KHMDS (3 equiv.)
= then TsOH 2 dioxane / PhMe
Ph % Ph 80°C,19h
95%

Atom Exchange

S Nt
R K
=~ (2equiv.)

000

p-lOIyI
65%

1)Yorimitsu,Synlett 2016, 27,

1765-1774. 2)Yorimitsu,Chem. Commun. 2017, 53, 4055-4065.
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2R

C. Proposed Mechanism

-
C. This Work: Aryl Azide to Aminopyridine D/"*ﬁl&: hv Q'/N: ,(j
N —
R R’ R

2
=
gs 3
Specific advance: 13 14 15§
3
H 7 " 6
: N insertion + C deletion l "5
Ny g N NP2 2
[ ) N NEt N Net N 2
Ay N S . U HNEL O g
1 Y — — 3
R 18 R 17 R 16
D. Aminopyridine Pharmaceuticals
s Me\N,Me 1021 [4+2]
CFy3 -
N N QL N NEY N NEE
9 | s \) Me ,\S/ N N 25 2 Ho. z i 2 6 Ho\)(\ N NEt,
P w N S o — " — 0—@
R ) N NN S l = = Vs
Me' Me Me Me | § "1 R 20 21
=z O OH 2 ©
1S l_ HO
LX)
netupitant (component of Akynzeo):  piroxicam (Feldene): tripelennamine 3 NL _NEt N. _NEt
antiemetic NSAID (Pyribenzamine): =) HTOM" ~y 2 MeOH S
o f R} + | - @
antihistamine 3 o RONF H. &
6 R
10 23 O 22
39

N. Z. Burns.). Am. Chem. Soc. 2022, 144, 39, 17797-17802



e

nitrene

‘:(j/' internalization .r)/.
H N
Z~ N3 synthetically intuitive C-to-N exchange
Azide Pyridine
1 2
"ipso” deletion 1‘
HNR, This Work
hv
-N,
| > =
. * skeletal rotation * amine retained
: * substituent deletion
aryl nitrene 17 —NR, : °
insertion N\_N 0 '
Doering 1966 A\ 2 :
N IGI- T 'meta” deletion !
| H-NR; Burns 2022 :

Mark D. Levin ,Science, 2023, 381, 1474-1479. DOI: 10.1126/science.adj5331
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o

C discovery of

O
oxidant-dependent
cyclization A
NBS N—Br et-N<..©

4 1]
) Bu 7 ,—/ 80°C 0

7N, »  decomp. observed
DBU, CDCl, NS Et byproduct
0 42,86 % T
=N, NBC N-B
Et "B 0 B A\
80 C N. .0
| 5 MBS
" oeucocl CDCly ' Z -
. ) 2a 6
5a, 40 % (63 % conv.) 13 %
optimized conditions control
NBC :
NBC DBU, CDCI »  no reaction
slow addition) > (R H $
DBU Dioxane 2N NBC >
80 °C Et 8a (slow addition) _ nonspecific
(R=0TBS) DBU, Dioxane decomp.
72% 80 °C

41
Mark D. Levin ,Science, 2023, 381, 1474-1479. DOI: 10.1126/science.adj5331



SO

A
chsiioTsE] M - 0
N
_OH—> -Nj
3 steps Nitrene ¢
Internalization S
X |
| ~-N
X
Bu N Me NOH 10%
| | Est overall 2u
2N SHONS examined as potential
2a 2 2¢ 2d e of $6 per gram 5a. - reductase inhibitor
(90 %, 63 %) (77 %, 59 %) (67 %, 79 %) (68 %, 59 %) (62 %, 40 %) (60 %, 42 %)
57% 46 % 3% 0% 25% 25%
OTMS
oTMS B o
B FgC B Ph CMe Glaxo 1994
ZN 2N ZN
N 11 steps
(50 %, 75%) (7 %, 34 %) (74 %, ) %) (78 %, 53 %) (60 %. 45 %) (70 %, as %) (90 %, 22 %) | N
30 % 7 % M % 27 % 60 % 20 %* =
<1%

E o
z
. N/ ! Nogoc @ N = 2u overall nor-Testosterone
NS X S S (:(:\ Me” > xamined as potential
Al e~ ZN ZN Al o ge NP N« - reductase inhibitor $182 per gram

2n 20 2p 2q 2r (71 %, 53 %)
(53 %, 55 %) (86 %, 35 %) (89 %, 62 %) (68 %, 59 %) (88 %, 28 %) 8%
29% 30 % 55% 40 % 25 % Rogletimide derivative

from Aminoglutethimide

Mark D. Levin ,Science, 2023, 381, 1474-1479. DOI: 10.1126/science.adj5331
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d . H H 3
g N
: A
i Y N
[0] :
Quinoline (4)

.
AN

! -0

_I|_,

390 nm LED

Quinoline N-oxide (1)

Atom Exchange

| H [e]
C-to-N : N N
transmutation )\
% N/ © Carbon
Direct conversion from . leaving
i iazil group
Az o ctEzng Quinazoline (2) -H,0
' O Electrophile
1 % - £
. H . Then oxidative -\ H
\ cleavage
o]
Y N”‘( 5
: / 0
Leaving |
3,1-Benzoxazepine NHy group  _-*"xp

43

Mark D. Levin,Nature, 2023, 623, 77-82. DOI: 10.1038/s41586-023-06613-4



ge
L s0mieo .

-78°C —>90°C,24h

P ' Pnme, 25°C, 1-5h .
X ™ SN
;‘/J~ Then NH,H,NCO,, pyridine, Oy . /)\
N - N7
"2

2ab, 56%°

Mark D. Levin,Nature, 2023, 623, 77-82. DOI: 10.1038/s41586-023-06613-4

1
co
mCPBA, CHCl, :
then toluene dilution, XN : SN N SN a
——390nmLED —> P _
then NH,H,NCO,, N e N . N N
) pyridine, Oy H 0
o i 1.0mmol ~78°C —>90°C, 24 h 2a, 5% : $7
: / : Sr"‘jo‘;‘;‘l (compare with 68% ! M
i ; from 1) : 2b,69% 20, 90%3° 2d,60%
_ Double
exchange ©(§ : @
N : OMe
2 i
AN . N)\( : )}r
Z 47%bd :
2h 1 24, 37%9

1

& _CN
19, 65% 1h,31%
O\\T/M‘:
N
z
N
44



R MeO,C
X NN Cycloaddition K MeOZC%—L COMe Rearomatizing 1 N
R—T dearomatization N (o) [4+2] Cycloaddition N o retrocycloaddition R~
_— T RN\T _— R?
CO,Me 1= 2
MeOZCM 2 RI—R ! R!
Drug or
drug candidate CO,Me R' R?
| From CNto CC T
ifferent oxazinop: . Scope of different oxazinopyridines with different arynes:
Scope of di widines with benzyne: ’f Scope of different oxazinopyridines with different alkynes:
CO.Et Ph CFs
O l
COzMe COzMe
COMe COMe
2,77% 31,72% 32, 35%

24, 44% 25, 26%*

Armido Studer,Nat. Chem. 16, 741-748 (2024).https://doi.org/10.1038/s41557-023-01428-2 -



Atom Exchange

Ph Ph
o o
CF3 CO;Me A
COEt CO,Me CO,Et
e — F3CO A
From tropicamide From tropicamide From tropicamide From loratadine
42, 36% 43, 64% 44, 49% 45,63% 46, 47% (54%)°
o@ cl
N
/
\D
O

From indomethacin From stanolone and probenecid From probenecid
48.50% 49, 35%° 50, 88%°

(o] From stanclone
47,41% (40%)°

Armido Studer,Nat. Chem. 16, 741-748 (2024).https://doi.org/10.1038/s41557-023-01428-2 °




2R

A Idealized diversification of furan-based compounds ' B This work: catalytic, redox-neutral atomic transmutation

RNH, or [NH,]
NS single-step conversion NS
- % NN
© U R/H
-H,0

ative . atom exchange
dearomatization 2e” reduction & condensation
H . .

. Br,, ROH 2e7, 2H* RNH,, cat. [H*]

advanced synthetic intermediates

| 2e” oxidative T

Single Heteroatom Exchange Conventional multi-step approaches

‘.'. i 7““ - % Single atomic effects in biological activity Br
y Y ' —~
HN-N S
V =
o) © O >y
‘ ’ ‘ ' PBG deaminase Anti-bacterial activity

47
Yoonsu Park,science386,99-105(2024).D0I:10.1126/science.adq6245



B

A Precedents

H

N
TTHT7 Al,0,4, 450 °C O hv (Hg lamp) npy
o Jurjew (1936) s o—— Lablache-Combier (1971) —o <%
B Design hypothesis ﬂ
(6)

furan ! 5 [0] <_>
product + | Pl [PC*] ~ \ /5\ N, o
oxidation - Te e
hydrolysis & @ oxidation _/ A D =X E
— condensation ) \ T
. o |* ] | Ve 2 RNH,
R g (/_\> . PC [PC] CN
e,
H i | l NS it
Paal-Knorr-type H / ==
@ condensation E \j ‘ \ N NHR
\Y
N -~ O NHR + O H
R D -H,0 c RNH, RNHj B

(8]

Yoonsu Park,science386,99-105(2024).D0I:10.1126/science.adq6245
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Diosbulbin B ®-NH,
* Extracted from air potato condifions
* Anti-tumor activity
‘ Cafestol acetate @-NH,
_
% Extracted from coffee bean AcO, \ o
* Anti-cancer activity A 65 conditions
OH
-~ ., Cl
i D, @-NH,
* A loop diuretic medication O=§ condiions
#* The top-selling drugs NH,

Yoonsu Park,science386,99-105(2024).D0I:10.1126/science.adq6245

64

| 499+ 1#

66
32%1*

@-= C(CH,),Ph

49



CEYeR

b o]
BB Ph)LN_ S Yl
H ACO/ 0Bn
Secondary Anomeric
amine amide
(1a) In-cage
Nucleophilic radical
substitution | ~A°OH coupling
)L e iy
. ~ - N=N >|
o \_Yﬂ phcoan Bnt 5Bn Bh ¢ .
Bn__N OBn | Reductive G | 15 Homolytic Ph
\ elimination extrusion
Bn H H

Mark D. Levin,Nature 593, 223-227 (2021). https://doi.org/10.1038/s41586-021-03448-9 0



B2R4wIE

b o QR o O B

N |
H THF, 45 °C [ L J
z duct
Functional group Natural product synthesi
A MeO,C
O O oMe OH
oEn
O @o)p O [ S OMe o OH
N
\V4 O COMe Ts MeO. O 4 HO. O
3b 3d 30 —
64% 57% 68% 49%
MesS. MeN H MeO' HO'
(o} N 7
O CFs O ‘ Y O CFs Jad Polysiphenol
Me : 53% olysiphenol_
marine metabolite
OH
Cl
3g 3n 3i
52% 50% V3 63% 43%
N OCF N O ‘ —— Pharmaceutical synthesis ——————
3 N
X Z
- S i
a N CFa am H [o)
53% 57% 55% 54% N NH
--------------------------------------------------------- ﬁkexem\dwevsny---------------------................................... RHN\(\ .
MeO;C, N “CO.R’
Ph l
<{ A0 R0,C
K R= cpr?zﬂ' ey f BE-F =t
(Ar = p- blpheny\) ( 3 ) —, Pemetrexed (Alimta)
3n 30 3p 3q 3r 66%° chemotherapeutic
72%° 819%° 629> 54%° 4498 zs%hﬂ as% 47%n 49%» 34%
51

Nature 593, 223-227 (2021). https://doi.org/10.1038/s41586-021-03448-9




cEvn

c Hzo Sequential rearrangements
RO,C—==—CO:R COR
B |
+20 (Cld
g o COR
o

Common substrates

Quinoline N-oxide Benzazepine

(ring expansion)

@ = @ RO,C—==—CO0:R H;0
P

2-Substituted indoline
(ring contraction)

N
Quinoline Enantioselective catalytic editing of quinolines

Switchable skeletal editing of quinolines

Hua Wu,Nat. Chem. (2025). https://doi.org/10.1038/s41557-025-01793-0

n=4 coR

C insertion

Acid

——

Oxidant

N

N~
@ i

o

C hopping

NH

Z
o/ ~
Deconstructive C grafting

COR

@@

Azaarene reconstruction
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5
N ‘\ s ~ HA (01 equiv) S i
DMAD (2.0 equiv.), H:O (10.0 equiv.), DGE, 80 °C R | P
X = HO™ | ~OPh
e M QOPh
T M |}|_ 2 R then ClCCOOH (2.0 equiv.). 5 A malecular sieves, 120 °C )\
jS HA

m 1 X=H. B0 8 X=F g2 m w m
9, X = Br, 80%
M 2,X=Ph, 79% 6 X=Br 80% N F N N

|
: N:
3, X=Me 89% 7, X=NO, 70% X 10, X = OMe, B4%
¢ X OV e s o 11, X = OH, 40%° o o 5 °
4, X =0OMe 81% 8 X =Ms, 68% : b
X
F a NO.
: | |
N | | . l i ‘ |
N N

s, N N N
) A A Oy T Ao

15, 51%° 16, €6% 17, 565 18, 79% 19, 62% 20, 71% 21, 530

Me cl

N
o N | |
PMP

N 0 N
© OM?}}\PMP N\)\ok © O)\F'h

51, 53% 52, 52%
From clogquintocet-mexyl

49, B5% 50, 43%
From -menthal From dehydrocholic acid From tiliguinal

Hua Wu,Nat. Chem. (2025). https://doi.org/10.1038/s41557-025-01793-0 >




HA (0.1 aquiv.), DCE, 60 °C

R COOR
o
! +.z + + H,
AN ||\ .0
o COOR’

then EtsN (1.5 equiv.), MeOH, 70 °C

55, X =Br, 72%, 14:1 r.r.
56, X =NOg, 51%, 6:1 1.

64, 50%, 71 e 65, 51%, 141 1r”

= come e
.
NH
Me
o NH
J\Q\mg D)\Ph

77, 52% 78, 41%

COMe

57, % = Me, 8%
58, X = Bu, Ta%

59, X = Ph, 75%, B:1 r.r.
60, X = OMe, B0%, 13:1 rr.

61, X = OMe, 78%, 14:1 r.r.
62, X =Br, 61%, 511

@‘\\/\ CoMe ™
NH NH
acolkas

66, B4%, 13:1 rr.

CO,R
67, R = Me, 81%
68, R = E1, 76%
69, R =Bn, 70%

3

NH

OJ\ Ph

80, 59%, &1 1.1

Hua Wu,Nat. Chem. (2025). https://doi.org/10.1038/s41557-025-01793-0

=]

NH F
0)\©

63, 48%,

Slrr

=

NH

o

COMe

Ph

70, B0%, 8:1 1.1

_‘\ Ph
NH
NH

PN

Ph

81,39%
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HA (0.1 equiv.), DCE, 60 °C
then DDQ (2.0 equiv.), 1,4-Gioxane, 100 °C

91, 35% yieid 82, 31% yieid 93, 34% yield

Hua Wu,Nat. Chem. (2025). https://doi.org/10.1038/s41557-025-01793-0
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CETn

X

HA* (0.1 equiv.
(0.1 equiv.) HA®

H,0 (1.0 equiv.), DCE, 40°C

98, 31%, 0% ee.20h 99, X = M@, 35%, 92% e.0..25h
100, X = Ph, 30%, 83% a.0., 16 h

101, 27%, 81% e.e., 20h

Mo &
== ,coco.pume == ,coco,PmB
CO.PMB W= “copve
Ph Ph
104, 37%, 93% e.e., 12h 105, 32%, 90% e.e., 17h 106, 31%, 85% e.e., 9h 107, 34%, 87% ¢.e., 13 h

Hua Wu,Nat. Chem. (2025). https://doi.org/10.1038/541557-025-01793-0 °
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