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1. Introduction



Effect of Atom Change in Medicinal Chemistry

t1/2 (HLM) = 28 min t1/2 (HLM) =100 min

R carbon deletion

| >

improving activity

5,10-dideazafolic acid Pemetrexed (antifolate chemotherapy)
inactive active

Medicinal chemist examine SAR by parallel synthesis —» time, cost

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



The Chemistry of Skeletal Editing

NH NH !
':,. -+ A | - | N
CF, CF, N0 SN Nk,
peripheral editing original molecule skeletal editing

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



Classification of Skeleton Editing / Deletion

IX\

o -«
d / oY
~ \_/ svl

Deletion

¢ Nitrogen deletion

o)
NO
0' ‘OBn
F5;C /g
'Y tBu” "0 R 400 nmLED
R™ N7 R > R N O > H
H THF, 45 °C I o)
R R’ R’
Levin, M. D. et al. Nature 2021, 593, 223. Sarpong, R. et al. Science 2021, 373, 1004.

(210529 LS _Junichi_Taguchi) (240406 _LS_Shintaro_Fukaya)



Classification of Skeleton Editing / Insertion

Insertion
X /—\
oINS -
Sa &9
" ! J '\
L\\// ~v¢

¢ Nitrogen insertion e oxygen insertion | N
R s

> T

Fs;C
(see; section 3) Wengryniuk. S. E. et al. Org. Lett. 2016, 18, 1896.

R N
2x TP @I o
N
O‘ T ) R OH PR NS R
N” Ph Z | J oo
>
TBS



Classification of Skeleton Editing / Swapping

Ns Swapping X
9 < > &9
LI~ -’ ” LI~ /

e carbon to nitrogen atom swapping

H Et,NH:
2 3
L 0,, 440 nm LED N NEt2
| ~Z - | Z
R R

Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.
(230610 _LS Shuji_Toyama)

e carbon to oxygen atom swapping
O

1. benzylic oxidation 0 Ni(cod),, Ligand O
y y
2. Baeyer- -CO
Villiger oxidation
[C]

Luu, Q. H.; Li, J. Chem. Sic. 2022, 13, 1095.
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2. Deleting atoms (Levin group)

Science

Scaffold hopping by net photochemical carbon deletion
of azaarenes



Classical N-Oxide Photochemistry

| A hv A Z o ==
N R NI R N R N’(

©0 R
quinoline N-oxide oxaziridine 3,1-benzoxazepine
e Prior art in quinoline-N-oxide photochemistry Albini, A.; Alpegiani, M. Chem. Rev. 1984, 84, 43.

(1 Me

Me Me Me Me
Hg Lamp Me
N MeOH N N R
| > N |
@ ~
N~ “Me N~ N0 N~ N0 ﬁ N~ “Me
| H |
@ (0] Me

harsh condition
15% 20% 7% 8%

2) Ishikawa, M.; Yamada, H.; Hotta, H.; Kaneko, C. Chem. Pharm. Bull. 1966, 14, 1102.

Hg Lamp Hg Lamp

— anhydrous benzene AN benzene/H,0
o) €
| ;( no yield given | @ 66% N on
N y N"  Me (=nighly variable)
e

| )\
unstable © O o Me

Kaneko, C. et al. Tetrahedron Lett. 1966, 7, 4701. Buchardt, O. et al. Acta Chem. Scand. 1966, 20, 262.




Levin’s Working Hypothesis

irradiation
N-ox:datlon a mild and selective =~
- | (@)
=(
N
0 Me
Quinoline )
I i @
one-carbon hydrolysis H
deletion

dehyration -0
> - e &
H N NH

indole

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .
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Optimization of Light Sources

a) Synthesis of 1b

AN 390 nm LED
| toluene, rt,1 h
@ 0
']l CN 83%
©0
1b
b) Photostability Test of 3b
100 l e s . a o .
L
i 75 + ®
= &
‘% @
S 5o ’ °
o8-
= . I
25 \CN
E.lp. 25°C =
D (Hg) (LED)
0 2 4 5]
Time (h)
> the mercury lamp promotes

photodegradation of benzoxazepine

CN

3b (isolable)

c) Ultraviolet-visible absorption of 1b and 3b
Apnax 386 nm

2.5 - m
— 1b N “CN

1
o]c)]

—
- 3b 2 Jo
Nl.'

\
CN

Ly
U

CgDg, 25 °C

Absaorbance or Emission

Hypothesis

selective excitation
averts side reactions

o
o tn (.
[
/=P
; !
!
I
]
I
e ——
]
i
]
I
I
I

275 300 325 350 375 400 425 450 475 500
Wavelength (nm)

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



Mechanistic Study (°0O-Labeling Study)

18
— <~ 0
| 189 —
;( hydrolysis NH

N
@I-{ Me
_ - (o)

: OH,
—
180 TFA @j\>
N

I
—
N’(
Me

: OH, 78% 0
| [1801-3b _ _ ( _ (66‘% 180)

(generated in situ

from 93% '¢0 3a) 3 -0
Bo® rearomatization
= NH

N

rearomatization

A
:

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



Substrate Scope

390 nm LED
R—©|\/j toluene, 25 °C, o_5>.5 h; R—/ | N\
XA TFA25°C,255h NN
I
o0 )§0

R

Boc

\
NH X
D D
N N N \
o) o $o N N
)to )§o

57% 52% X =H, 83% [Hg Lamp: 0%] X =SO,Me, 53% [Hg Lamp: 0%)]
[Hg Lamp: 10%)] X = Br, 67% [Hg Lamp: 0%)] X = Cl, 64% [Hg Lamp: 13%]
CO,Me

. N
o 4 O
ph” N7 N ‘o N N
)§o )§o Ph)§o

27%
71% [Hg Lamp: 3%] 29%

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .




Application for Scaffold Hopping Strategies

1. m-CPBA, 82%
2. 390 nm LED, TsOH, 77%

3. N2H4'H20, 87% \
2 Me
Carbon Deletion ﬁ
N=N
(see page X) x
Ph Cl
Substituent Substituent
Swap 20% Replacement
l Carbon Insertion
1. m-CPBA, 81%
2. 390 nm LED, TsOH, 50%
3. t-BuOK, 91%
-

Carbon Deletion

-0

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .
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3. Inserting atoms (Morandi group)

Science

Late-stage diversification of indole skeletons through
nitrogen atom insertion



Carbon Insertion by Levin’s Group

e The classical Ciamician-Dennstedt Rearrangement (1981)

KOt-Bu + HCCl, —3» a
3 c1” el

Cl
Y N SR
N < N
H N H H
Reimer-Tiemann Formylation
Ciamician, G. L.; Dennstedt, M. Ber. Dtsch. Chem. Ges. 1881, 14, 1153.

e Carbon atom Insertion into pyrroles and Indoles (2021)

G->NH2 NaOCI N=N _ @
— — | Ar—C:
Ar NH, DMSO Ar Cl
pentane synthon
_N2 @C
- -\ ~
'r_ . 'r_ . I BIE D Ar
Sl <. A = |
R'~- Na,CO; RS- - HCI Y NP
N MeCN, 50 °C N.¥% RY N
H H
pyrrole / indole B B pyridine / quinoline

Dherange, B. D.; Kelly, P. Q.; Liles, J. P.; Sigman, M. S.; Levin, M. D. J. Am. Chem. Soc. 2021, 143, 11337.



Examples of Nitrogen Insertion

e Classical conversion
03, MeOH, I

Me,S, NaHCO
~No

harsh oxidising conditions

e Electrochemistry Ph GF(+)/Ag(-) Ph
Mg(ClO4),, NH3 (1 atm)

MeO MeOH/toluene MeO NN
‘ =t -H - | Z
MeO i MeO Bt

NH; gas, only activated and substituted indenes
Liu, S.; Cheng, X. Nat. Chem. 2022, 13, 425. Prof. Xu Cheng

p— @_

e Osmium nitride

Ph Ph
; Et3N NN
_> |
Z

toxic reagents, not commercially available -
Kelly, P. Q.; Filatov, A. S.; Levine, M. D. Angew. Chem. Int. Ed. 2022. 61, €202213041 19
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Research area:
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Morandi’s Working Hypothesis

OAc N N
2 | + H,NCO,NH, ——3» | | = | .®
¥ Ph” T0AC e Pi” NoAc ' Ph” @ N
PIDA A
( ) ~ (proposed nitrene species)” synthon
o) I R
1 A ' COzH A R
R” S\R > R” S\R \l/ \|| E \>N
H,NCO,NH,, PIDA NH, NH;in MeOH| NH | - HOAc N~
- HOAc, Phl PIDA - Ph

Bull, J. A. et al. Angew. Chem. Int. Ed. 2016, 55, 7203. Glaxhet, T. et al. J. Am. Chem. Soc. 2019, 141, 13689.

e Morandi's mechanistic design

Ph\I/N i
@ A
)
©:N
\
[Si]

h
N/$

ND

\
[Si]

- IPh
-[Si]®

aromatization

- QG

1) Reisenbauer, J. C.; Green, O.; Franchino, A.; Finkelstein, P. Morandi, B. Science. 2022, 377, 1104.



Investigation of Protecting Group Effect

e Unprotected Indole
Ph

\I’N
| | \> @ A - @j\> - degradation of
N Ph N® ——> carbon skeleton
\ = 1\
( H ~H NO

nucleophilic nitrogen atom

¢ Protecting group effect

H,NCO,NH, (2 eq), PIFA (1.5 eq) : ;
N\ MeOH, rt, 10 min SN ! OCOCF; '
> : I '
P NN -
N N +  Ph” “OCOCF, !
PG - - : PIFA :
@ - :
_IPh lmmm=mmmsmmmmmm-- 4
N
Phi N m -pc®
A \
® i PG i
PG = H TBS TBDPS TIPS CO,t-Bu CO,Me Me
GC yield 1% 47% 9% 27% 4% 2% 0%

1) Reisenbauer, J. C.; Green, O.; Franchino, A.; Finkelstein, P. Morandi, B. Science. 2022, 377, 1104.



Substrate Scope (1)

R H,NCO,NH, (6 eq), PIFA (4 eq) R
X | A\ MeOH, 0°C, 10 min; rt,4 h A | SN
>
TBS N

30% 65% 72%

1) Reisenbauer, J. C.; Green, O.; Franchino, A.; Finkelstein, P. Morandi, B. Science. 2022, 377, 1104.



Substrate Scope (2)

H2NC02NH4 (6 eq)
, PIFA (4 eq)
: MeOH, 0 °C, 10 min; rt, 4h
: -~
N
TBS
99% 63%
(n=1) (n=2)

N
(I\
» /@
n=3 N

not obtained

X-ray

1) Maier, W. F.; Schleyer, P von R. J. Am. Chem. Soc. 1981, 103, 1981.
2) Reisenbauer, J. C.; Green, O.; Franchino, A.; Finkelstein, P. Morandi, B. Science. 2022, 377, 1104.



DFT Calculation for the Regioselectivity

TBS
N\ highl tabl
~76.6 @ E ighly unstable
Z
AGYC [kcal/mol] @'il
TBS

thermodynamically favored

1) Reisenbauer, J. C.; Green, O.; Franchino, A.; Finkelstein, P. Morandi, B. Science. 2022, 377, 1104.




Application for Synthesis of Isoquinolines and Pyridones

¢ Indenes to isoquinolines

a) H,NCO,NH, (4 eq)

R PIDA (2 eq) R
X MeOH, 0 °C, 10 min NG SN
15 NS y/
b) '°NH,CI (2 eq), K,CO; (2 eq)
PIDA (25 eq) ] 51%
MeOH, 0 °C, 30 min °

Finkelstein, P.; Reisenbauer, J. C.; Botlik, B. B.; Green, O.; Florin, A.; Morandi, B. Chem. Sci. 2023, 14, 2954.

e Cyclopentenones to pyridones

i ] 0
TBSOTf (1.2 eq) ; H,NCO,NH, (4 eq)
,’—"" . o Et:N (1.5 eq) ,f—‘—" . oTBS PIDA (3eq) AN NH
, THF, rt,1h . THF/MeOH, rt, 30 min re |
RS- RS- - N

Botlik, B. B.; Weber, M.; Ruepp, F.; Kawanaka, K.; Finkelstein, P.; Morandi, B.
Angew. Chem. Int. Ed. 2024. 63, €202408230.
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4. Swapping atoms (Studer group)

nature chemistry

Article https://doi.org/10.1038/541557-023-01428-2

Skeletal editing of pyridines through
atom-pair swap fromCNto CC

27



Design Concept of Levin and Burns group

124 ° (120 °: ideal angle) (120 °: ideal angle) v
= angle strain AN
azaheptatrine azanorcaradiene | _N
<X

3 .

~\ S .
| — \ ‘

=N X X X

0. ;
122 ° (109 o- ideal angle) (109 : ideal angle)

e Demonstrating hybriduzation effects in benzenoid systems

1 2
sp? 420 °c" 25 oG N
o -€ sp’®
N

1) Amano, A.; Mukai, T.; Nakazawa, K.; Okayama, K. Bull. Chem. Soc. Jpn. 1976, 49, 1671.
2) Perera, T. A.; Reinheimer, E. W.; Hudnall, T. W.; J. Am. Chem. Soc. 2017, 139, 14807.




MQOzc

Swapping Carbon to Nitrogen by Burn’s group

O,, acenaphthylene (10 mol% x2)

MQOzc
[4+2]-cycloaddition

Et,NH (1.1 eq), THF;

MeOH NEt,

rt, 440 nm blue LED NS
> U
.
MGOzc

acenaphthylene
(photosensitizer)

MeOH

(o)
\ N
- oﬁ@
MGOzc

MeO,C 6 electrocyclic
reaction

NEt, {\
N. VNEt,

Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797. (see; 230610 _LS_Shuji_Toyama)
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Swapping Carbon to Nitfrogen by Levin’s group (1)

H
N
HO” " “Et
N; (1 eq)
N MeCN, 427 nm LED; N
I Z ° >~ I\)
R/ DBU (1 eq) R/ |
N—Br dioxane, 80 °C f
A Prof. Mark Levin
NBC (2 eq)
hv N 61 electrocycli
yclic | -
reaction Et— N\/O
[r— o0 O _
N
@/..
H OH _
/P N N—Br \
R HO” "Bt Z S / Oj
y . _
+ Y. 4 N R/\—N N
R &—N \ /
L&) _

Pearson, T. J.; Shimazumi, R.; Driscoll, J. L.; Dherange, B. D.; Prak, D.; Levin, M. D. Science 2023, 381, 1474.



Swapping Carbon to Nifrogen by Levin’s group (2)

m-CPBA;
390 nm LED

\

—
o,
N’(
Ph

N/

m-CPBA, CHClj;
390 nm LED, toluene;

Ph

NH2002NH4, pyridine, 03
—-78 to 90 °C

HN

o)
4
H Ph

more reactive

0,, pyrldme

-78 °C

S0

N,

S
S
S
S

NH,CO,NH,
>

90 °C

Prof. Mark Levin

(o)

- A, o AN

—
N/<
Ph

(0 H

0]

Woo, J.; Stein, C.;: Christian, A. H.; Levin, M. D. Nature 2023, 623, 77.



Swapping Nitrogen to Carbon by Kozmin’s group

e CN (carbon-nitrogen) to CC (carbon-carbon) swapping

priPs o AgOCOPh (1 eq) ?t“
g eq
CH,C,. 0°c TIPSO CO,Me |
|| + MeO ~ |

N N\/
AN Prof. Sergey Kozmin

Carbrera-Pardo, J. R.; Chai, D.; Kozmin, S. A. Adv. Synth. Catal. 2013, 355, 2498.

/bBu
P- -Au- -NCMe OH
t-Bu B ] |
o ) N _R
R SbF
R OH
| ® (3 mol%) ; n-BuyNF
ZNE >
9 CHCl,20°C .
O——=—R
'ﬂPS/ | _

[4+2]-cycloaddition
Carbrera-Pardo, J. R.; Chai, D.; Liu, S.; Mrksich, M.; Kozmin, S. A. Nature Chem. 2013, 5, 423.3>
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Research area:
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Studer’s Working Hypothesis

e Studer's previous works: meta-C-H functionalization o)
functionalization
1 —_
DMAD (2 eq) " R N N—X
MP (2 eq) l'\ (1.2 eq) X
N MeCN, rt, air N (0) rt to 40 °C AN
R+ 0 . R+
'\N/ dearomatization | MeO,C A COMe ; aq HCI, 60 °C KN/
CO,Me rearomatization
Key Intermediate

Cao, H.; Cheng, Q.; Studer, A. Science 2022, 378, 779.

e This time: CN to CC swapping ?
[4+2]-cycloaddition

R'————R'
CoTTTTTTT I l B T MeO.C o
: M902C%C02M9 : - | )
. . ~
: (DMAD) : MeO,C N
E o) S N VY A R >
: )j\ : rearomatizing
: CO,Me : retrocycloaddition
! (MP) :

1) Huisgen, R.; Morikawa, M.; Herbig, K.; Brunn, E. Chem. Ber. 1967, 100, 1094.
2) Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.



Scope of Pyridine Skeletal Editing

TMSD
TfO

CO;Me (1.2 eq)
Ph N ° CsF (2 eq) Ph
=L ¢ &
NN~
CO,Me 83%
CO,Me with benzyne

Key Intermediate

MQOzC_: COzMe
0.1 mmol scale (2 eq) Ph CO,Me
dioxane, 80 °C
-

64% CO,Me
with DMAD

FO,S———=—Ph

(2 eq) Ph SO,F Ph Ph
toluene, 80 °C
>
0
76% Ph SO,F

with alkynyl sulfonyl fluoride

3 : 1
1) Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.




Regioselectivity of [4+2] Cycloaddition (1)

CO,Me
C02Me

Z °N

C02Me

+

Ph———SO,F

0 kcal/mol

steric replusion
(alkyne-H) :I:

TSA2

TSA1
29.0 kcal/mol (Ph-Ph) 32.7 kcal/mol

steric replusion

TSA3 TSA4
26.4 kcal/mol 27.2 kcal/mol
major minor

(PW6B95-D3/TPSS-D3+COSMO-RS/1,4-dioxane)

1) Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.  3°



Regioselectivity of [4+2] Cycloaddition (2)

TSA3
26.4 kcal/mol
major Y
COzMe
H \

FO,S

-26.5 kcal/mol

TsA4 |
27.2 kcal/mol

minor

TSB3

TSB4
-0.9 kcal/mol

Ph SO,F
— X
Ph

—-57.5 kcal/mol
3
:I: 1
Ph Ph
— X
SO,F
-57.9 kcal/mol

1) Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741. 3/



Substrate Scope

DMAD (1.2 eq), MP (1.2 eq)
MeCN or dioxane, rt, 24-48 h;

AN : :
R+ alkyne (2 eq), 80 °C : )]\ MeO,C—=——CO,Me'
N> ; CO,Me .
N : MP DMAD ;
e e mmmememeam '

CO,Et OPh OPh |

N \[])\/OAC R? 48% 51%
0
g
J_OEt

(0
J
F3CO 63% 51% (A:B = 1.8:1)

A (R'=Ph, R?>=H), B (R'=H, R?>=Ph),
1) Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.




e Deletion (Levin group: 2022)
7 R 390 nm LED — A
R | e > R |
N “
o o)

¢ Insertion (Morandi group: 2022)

R ©) R
X A\ N SN
| > | J
NS N NS N/
TBS
e Swapping (Studer group: 2023)
O
PN 2 =
R R —
AN COzMe l\ —
1
RT'\ _
N N CO,Me
MeO,C 2
MGOzc COzMe

COzMe
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Appx. Section 2/ Limitations

1. N-oxidation limitations

Cl C‘)
N/ Me N/ CF, MeO N/ Me
Me
no reactivity Bpin functional group did not tolerate

m-CPBA oxidation condtion

2. Photolysis limitations

O,N

B B » »
@ @ @ > @
\ \ \ \
©0 ©0 ©0 ©0
only deoxygenated product 83% 50% 30% NMR vyield

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



Representative Crude NMR of LED and Hg Lamp

¢ W0 O ¢ 03 Oh WO U D e (OO O 0O G W M= PO ODOUOUNMTUNYTYTFMeO Ne=e-g g
™~ ol ond =) OOV M™M [ R E e B B B e I Viun g MMM MO NI NN o =0 X
o ~ o~~~ M~ OO OO TETCTFTTTT Mo men o oo monn o oo m oo Mo e - LED control
(" S ' T l : = after 3 h irradiation

Br = internal
Y standard
N"( | \

390 nm LED
Control

o i.‘}_{ l 1 i

" r
3] o ™ o s G a
- ] [ 1 L '! ffE < Q)
———————————— . e —_— — - - v . —r ‘..‘,“.:_.q — - N . v .
10.0 9.5 9.0 8.5 8.0 FA 7.0 6.5 e0 2.5 20 43 4.0 3.5 3.0 & 2.0 15 1.0
f1 (ppm)
D POL QO
ﬂﬂﬂﬂﬂ w— v —
[ S, N N "
~f= J

internal
(\O standard
0 \

Br -_— j L4

0

—

Me

Hg Lamp Control

3h | ‘ \“, l L J * -€
A, V- - O o | .l_...‘ J-LIAJ”" \\l..".:_.-.._.,k._... b ,...d.,,,h,-,._..._,&.".q.-_._d,...ll#d Wl L ,J..‘AUJ" 'l;Jr'“\“ ) | - Hg Lamp control
after 3 h irradiation

Y T
10.0 2.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 8.1 1.0

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



Monitoring the Reaction of Quinaldine N-Oxide

o

0

=

L

.

201
|

206
201 Say200
]208

05
L 2le1-
2'.!'2 \"'-\\_'j-"f N "‘\

211
203 907

Cc

390 nm LED
C6D65

C(l

~70% comversion

b
1::::1” 110 E’i
ij _A J

internal

o)

b
112
a
C
211
‘\ﬂ_ s

T
8.0

T T T T
&0 L5 5.0

T T
4.0 L]

1
2.0

1) Woo, J.; Christian, A. H.; Burgess, S. A.; Jiang, Y.; Mansoor, U. F.; Levin, M. D. Science. 2022, 376, 527 .



Reaction Mechanism of 3,71-Benzoxazepine
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/ dearomatization 1 }
—
N | P = N
O N’< rearomatization N~ Me

3,1-benzoxazepine oxaziridine
most stable

1) Albini, A.; Alpegiani, M. Chem. Rev. 1984, 84, 43.
2) Spence, G. G.; Taylor, E. C.; Buchardt, O. Chem. Rev. 1970, 70, 231.



Appx. Section 3/ Proposed Mechanism of Carbene Insertion
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Reaction Mechanism (Triplet Energies Pathway)
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Another Reaction Mechanism (My Opinion)

TBS



Generation of lodonitrenium

iodonitrenium x3

o) o)
6 © + mon —= Lo o +mwm + e
HZNJ\O NH, ¢ O NH,

fast in MeOH

slow in toluene or MeCN

Zenzola, M.; Doran, R.; Degennaro, L.; Luisi, R.; Bull, J. A. Angew. Chem. Int. Ed. 2016, 55, 7203.



Appx. Section 4 / Optimization of Oxidant
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Reaction Mechanism
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Optimization and Control Experiment
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Pearson, T. J.; Shimazumi, R.; Driscoll, J. L.; Dherange, B. D.; Prak, D.; Levin, M. D. Science 2023, 381, 1474.



Demonstration of Ipso Selectivity
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Monitoring the Putative Spirocyclic intermediates
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Computed Mechanism for Carbene Extrusion
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Computed Mechanism for Carbene Extrusion
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13C-NMR Shifts of Product Standards Measured in D,O/DMSO (3:1)
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Woo, J.; Stein, C.; Christian, A. H.; Levin, M. D. Nature 2023, 623, 77.



Oxidative Cleavage
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Conftrol Experiment
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Woo, J.; Stein, C.; Christian, A. H.; Levin, M. D. Nature 2023, 623, 77.



Gram-Scale Set Up (Levin Group)

1. gram-scale photolysis 2. Gram-scale ozonolysis 3. Gram-scale ammoniolysis

Woo, J.; Stein, C.: Christian, A. H.; Levin, M. D. Nature 2023, 623, 77. 60



Optimization Of Light Sources

C. Variable light sources:
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3 350 nm 0% (41% rsm)

4determined using 1,4-dintrobenzene as an internal standard

Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Reaction Mechanism of Dearomatization
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Cao, H.; Cheng, Q.; Studer, A. Science 2022, 378, 779.



One-Pot Meta-Tfifluoromethylation of loratadine
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Cao, H.; Cheng, Q.; Studer, A. Science 2022, 378, 779. 63



Stability of the Dearomatized Intermediates
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Cao, H.; Cheng, Q.; Studer, A. Science 2022, 378, 779. 64




Conftrol Experiment
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N Ph

| MeCN, 80 °C, 24 h
N 0o > | N
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CO,Me 49%
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Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.



Selectivity of [4+2] Cycloaaddition (3)

Ph——SO,F

0 kcal/mol

TSA'"1
28.3 kcal/mol

TSA'3
28.7 kcal/mol

TSA'2
30.8 kcal/mol

TSA'4
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Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.



Bond Angles of the Triple Bond

129.7 °

AG®W355l) AG(353)s0nl"!
TS AEgs(A/A)A AE4s(D)R  AE(A/A-D)P]  AGRRHO, [ (] 4-dioxane) (1,4-dioxane)
[keal/mol] [kecal/mol] [kcal/mol] [kcal/mol] [keal/mol] [kcal/mol]
TSA1 14.15 1232 -14.97 19.25 -1.78 28.97
TSA2 16.76 22.96 -23.53 19.45 -2.89 32.75
TSA3 12.36 13.33 -18.06 19.80 -0.98 26.44
TSA4 15.41 18.97 -25.12 19.05 -1.14 27.16

Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.
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Unsuccessful Pyridines in the Initial Dearomatization Step
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Cheng, Q.; Bhattacharya, D.; Haring, M.; Cao, H.; Lichtenfeld, C.-M.; Studer, A. Nat. Chem. 2023, 16, 741.



