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interaction with biological systems

OH

HO
Tyrosin, Toxin inhibits cell growth

essential amino-acid misfolds proteins

H,N” COOH H,N"" COOH

Benzene Substitution Pattern RWIH
physicochemical properties
R1
e Inductive effect RZ R® e Flat
* Mesomeric effect  reactivity molecular shape * Rod-like
* Steric effect R3 RS * Spherical
R4

Proc. Nat/ Acad. Sci. USA 2007, 16964




Origin & Control of Substitution Pattern RWTH//ACHEN

MeO

Natural product, Enzymatic reactions Feedstock functionalization, SgAr, Radical addition
M1 [
Enzymatic active site Intrinsic recativity
OH J\ /L
0
HO,C N EWG EWG EDG EDG EDG
OH X X
Me
o Br X X X
m m-m o X X
p o-p

Platencin Convolutamydine Dextromethorphan




Origin & Control of Substitution Pattern RW

Natural product, Enzymatic reactions Feedstock functionalization, SgAr, Radical addition
M [
Enzymatic active site Intrinsic recativity
OH J\ /L
O
HO,C H EWG EWG EDG EDG EDG
OH X X
Me
X X X
o Br
MeO m m-m (0] X X
. . p o-p
Platencin Convolutamydine Dextromethorphan

C-H activation, selectivity control
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Synthetic Methods for Substitution Pattern Alteration
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Synthetic Methods for Substitution Pattern Alteration
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Halogen dance reaction
review: Erb Tetrahedron 2016, 4973
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New of synthetic strategy for Nitrogen Ring Walk




m Road Map to Nitrogen Ring Walk R

Synthesis of ortho-functionalized
Anilines

1 1 1 1 1 |
1 1 1 1 1 1
N NR, = . OR - NR < H N NR N X
vXc” 7 ROH, Sy~ A o A o SN x N
C C
]i;é —> ]i:(l: » | P —> | ! » | ! —> || !
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Angew. Chem. Int. Ed. 2023, 62, €202310540

Synthesis of ortho-aminophenols Nitrogen ring walk




Synthesis of ortho-Aminophenols

C N
Br ZN N
H H

rabusertib (Eli Lilly)

anticancer
HN
\C/OI_PI\rI/ | Cl
PN
C X
Me 2SN N N
H H

ceritinib (Novartis)
anticancer

Angew. Chem. Int. Ed. 2023, 62, €202310540

SO, i-Pr

Proparacaine (POEN)
anesthetic

naftopidil (Flivas)
a-1 blocker

Nimesulide (Vifor)
anti-inflammatory



Angew. Chem. Int. Ed. 2023, 62, €202310540

Synthesis of ortho-Aminophenols

RWNTH
ortho-CH Etherification
2 R2 2
R N N R OV
PN ey
RN R, R! R RTNF TR,
F G

e Limited to HOMe, HOEt



Current strategies

substituion nitration
Ullman SAr
jC” j(:“ ScAr
pattern
RZ OR
KC/
]
x> _C
R! “NH

nitration S gAr

jC.. 1, jC.. q_h/

Angew. Chem. Int. Ed. 2023, 62, €202310540

Synthesis of ortho-Aminophenols

RWNTH
ortho-CH Etherification
2 R2 2
R N N R OV
PN Py
RN R, R! R R NF TR,
F G

e Limited to HOMe, HOEt



Current strategies

substituion nitration
Ullman SAr
jC” j(:“ ScAr
pattern
RZ OR
KC/
]
C
R! XN\

nitration S gAr

jC.. 1, jC.. q_h/

Synthesis of ortho-Aminophenols

“contra-SAr"

pattern
RZJCC/NHZ
]
@
R7 N 0R
F

opposite O & N disposition
Vs

aromatic substitution pattern

Angew. Chem. Int. Ed. 2023, 62, €202310540



m Synthesis of ortho-Aminophenols !

Current strategies New strategy
substituion nitration
Ullman SAr

jCII —|—> j(:ll S Ar “contra-S.Ar" key retrosyntetic
pattern pattern blueprint
R AN~k R~ NH: > ’
I;ICI: Vs jCﬁ 7 |(|:/
(@ € <::I
RN R 0R O

NS
2 R1 NR
R— E F f\)‘

itration S A
nitration r R—OH

jC.. 1, jC.. q_h/

2

¢ O displaces NR,

opposite O & N disposition 2
* ortho NR, migration

Vs

aromatic substitution pattern

Angew. Chem. Int. Ed. 2023, 62, €202310540



New Approach for the Synthesis of ortho-Aminophenols

key retrosyntetic NaOt-Bu (1.1 eq.)

blueprint N THF (0.1 M), r.t., 16h Oip
X3 (hv = 390 nm) X
| L+ LPOH - | !
M t-Bu &Ny then TFAA (10.0 eq.)  t-Bu Z 7 NH

2

R ¢ |
L \ BTMG (4.0 eq.) TEA

Rl X SNR THF (0.1 M), r.t., 2h 73%

R-OH

* O displaces NR,
* ortho NR, migration

Angew. Chem. Int. Ed. 2023, 62, €202310540
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key retrosyntetic

New Approach for the Synthesis of ortho-Aminophenols

NaOt-Bu (1.1 eq.)

blueprint N THF (0.1 M), r.t., 16h Oip
X7 d (hv =390 nm) Xc” o
| I+ iPOH - | I
R 72 C/H t-Bu Z SH then TFAA (10.0 eq.) tBu Z \I?IH
! N BTMG (4.0 eq.) TeA
R r\}\NRZ THF (0.1 M), rt., 2h 73%
R-OH

* O displaces NR,
* ortho NR, migration

1) Metal free formal “Ortho-CH oxidation” of aryl azide

2) Nitrogen ring walk along the aromatic ring

Angew. Chem. Int. Ed. 2023, 62, e202310540



m Reaction Mechanism

NaOt-Bu (1.1 eq.)
THF (0.1 M), r.t., 16h

N, N OLP
e | \$/ hv X (hv = 390 nm) X
-~ | + i-PrOH > |
7SN 390nm PN ~Co
A a +-Bu H then TFAA (10.0 eq)  t-Bu NH

photexcited aryl azide BTMG (4.0 eq.) '!'FA
THF (0.1 M), r.t., 2h 73%

OI Pr OI Pr

INE =
=z C//') < 4>C % -PrOH
I e o C I\:N —_— | N —> | —>
_ C°\J (b) M\ C (c) /
t-Bu H t-Bu t-Bu —C

singlet nitrene azirine ketimine 1H-azepine 3H-azepine

Breaking aromaticity

(a) singlet nitrene formation (c) 6m electrocyclization (e) isomerization (9) 67 electrocyclization
(b) azirination (d) nucleophilic addition () N-acylation (h) aromatization

Angew. Chem. Int. Ed. 2023, 62, €202310540



m Reaction Mechanism RWTH

NaOt-Bu (1.1 eq.)

*

N N THF (0.1 M), r.t., 16h oip /Oi—Pr
-N, Nc” hv Xc” d (hv = 390 nm) Nc” ot NN
| /é T | é + -PrOH - | é <T (IZ/N_TFA -
~ nm
t-Bu H t-Bu &y then TFAA (10.0 eq.)  t-Bu Z SN e X
photexcited aryl azide BTMG (4.0 eq.) -!—FA aziridine
(@) THF (0.1 M), r.t., 2h 73% @
Y 5G
OI Pr Oi-Pr /Oi-Pr
N:
= C//') ZUC, \% +PrOH & TFAA oA
| e A)(-I\/N—> | N—> | —_— | (,N: —_— | N—TFA
o _C? b U e () / (e) / (") D 7
t-Bu H t-Bu t-Bu —=C t-Bu —=C t-Bu —C
singlet nitrene azirine ketimine 1H-azepine 3H-azepine 1-TFA-azepine
Breaking aromaticity Re-building aromaticity
(a) singlet nitrene formation (c) 6m electrocyclization (e) isomerization (9) 67 electrocyclization
(b) azirination (d) nucleophilic addition () N-acylation (h) aromatization

Angew. Chem. Int. Ed. 2023, 62, €202310540 X



. c Alv

NaOt-Bu (1.1 eq.)
THF (0.1 M), rt., 16h
| (hv = 390 nm)

Preparation of complex ortho-Aminophenols

! 2
1 (4.0eq))

then TFAA (10.0 eq.)
BTMG (4.0 eq.)
THF (0.1 M), r.t., 2h

R OR
B
- Ao=2C
> R? \I?JH
1
R TFA
3

0
/C?/ \©\/N\HBOC
e :
t-Bu \ITJH CO,Me
TFA

F

from L-tyrosine
from Prolinol 55%

82%

©)
Me)( o)
© 0
Me Me O © § Me
- -
\(|: ~N \CI: Me
C C
~Co 7 \I?IH
Me Me TFA
from Topiramate from D-glucofuranose
98% 78%

Angew. Chem. Int. Ed. 2023, 62, €202310540

e

\_/M
|
Cl /C\I}JH

TFA  Me

from (+) -isopulegol
30%

o
|
t-Bu ¢

Br

TFA  Me

from (-)-Menthol
40%

O
N

N

| H
TFA

from Estrone
71%



Me | \C/Oi—Pr
|
C
Me Z \I?IH
Me TFA

Angew. Chem. Int. Ed. 2023, 62, €202310540

Preparation of complex ortho-Aminophenols

NaOt-Bu (1.1 eq.)

1 N 1
Ry X~ THF (0.1 M), rt., 16h RS | \c/OR
I (hv = 390 nm) '
R2” /C\H + R-OH > 2 /C\NH
R 2 then TFAA (10.0 eq.) R3 #A
1 (4.0 eq.) BTMG (4.0 eq.) 3
THF (0.1 M), rt., 2h
MeO | \C/Oi—Pr F3C \C/Oi-Pr \C/Oi—Pr
[ [ [
C
~ \ITIH & /C\,TIH /C\NH
CF, TFA OMe TFA P Tra



NaOt-Bu (1.1 eq.)

Synthesis of ortho-Aminophenols : Selectivity

1 OR
S THF (0.1 M), rt., 16h RS | X
l (hv = 390 nm) '
/C\H + R-OH > o /C\NH
rs then TFAA (10.0 eq.) R3 #A
BTMG (4.0 eq.) 3
THF (0.1 M), rt., 2h
; MeO Oi-Pr i- ; :
Me \C/OI—PI’ A ' F,C \C/OI Pr N _QOi-Pr Ph \C/OI—PI’
O s ! T !
Me” N SN \'T'H = \ITJH BN ZSNH
| | |
Me  TFA CFy  TFA OMe TFA Ph TFA TEA
60% 66% 2:1; 55%
singlet nitrene
TFA _
NH H H H
1 cl: OR C’l’?l 1 cl: N 1 é 1 é OR
| I = | T | T = SN = I
— S = = SH A X \ITIH
TFA

Angew. Chem. Int. Ed. 2023, 62, €202310540



Application in Synthesis of Drugs
" N NaOt-Bu (1.1 eq.) R OR
X THF (0.1 M), r.t., 16h > | Xc”
| (hv = 390 nm)
R NP Sy + R-OH 0 S
R 2 then TFAA (10.0 eq.) R3 %FA
1 (4.0 eq.) BTMG (4.0 eq.) 3
THF (0.1 M), rt., 2h
i MeO Oi-Pr F.C Oi-P . .
\C/Ol Pr | \(IZ/ 3 XN i-Pr \C/Ol Pr Ph \C/OI Pr
é -C & | é é & | é
Z S \H \’?‘H = \I?JH Z S \H Z " NH
| | I
Me  TFA CFy  TFA OMe TFA Ph TFA TEA
60% 84:1;, 66% 2:1;, 55%

o/\ o o/\
HO\)\/N
\BOC H\/N\BOC H\/NH
M NH 7 AL M O M O N M
PO — X =l n
- B —— )J\
/C | /C\ Br /C\H H \N

Br i ) Br NH2
azidation

96% 28%, 500 mg rabusertib (Eli Lilly)

Angew. Chem. Int. Ed. 2023, 62, e202310540



- : - - RWTH
. @nc Extension to Nitrogen and Sulfur Nucleophiles
R-SNa (1.1eq) R,NH (1.1eq)
1 N 2 1 NR
R \C/SR 1,4-dioxane (0.1 M), r.t., 16h R< X7 d THF (0.2 M), r.t., 16h RS X7 2
| (hv = 390 nm) /g: (hv = 390 nm) | /g;
R2 /C\NH - R2” SH > R2” \I?IH
'3 L. then TFAA (4 equiv.) R3 then TFAA (4.0 eq.) R3 TFA
4 1,4-dioxane (0.1 M), r.t., 2h 1 THF (0.1 M), r.t.,, 2h 5
Me
| \C/S /CC/S\©\ /CC/S\(j\ /CC/S\Ej
| | | |
C C C C
t-Bu Z \ITIH t-Bu = \IIIH cl t-Bu = \IIIH Z NoMe t-Bu Z \ITIH
TFA  Me TFA TFA TFA
64% 45% 68% 72%
I\I/Ie
TFA : O
| ; N Ph
AN NS X O~ N/j\/ \C/N\ ? | \?/ \/Y
C t-Bu C t-B Xc” | | TFA C o
| vs | | PN Me Z SN
PN, PN C Me NH [
Me NH ' Me NH < I
| ; | Me NH TEA ‘ TFA
TFA ' TFA '!'FA from Tropine CFy
58% ! —% 48% 32% from Fluoxetine

Angew. Chem. Int. Ed. 2023, 62, €202310540
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Substitution Pattern Alteration via Nitrogen Ring Walk

-Late Stage Exploration of Substitution Pattern Chemical Space

R R
| |
R% \\C<yR2 R% \\C/H
| I — | I
3¢ / N 3¢ ~
R Y H R NR,
R4 Ré

-Nitrogen contains molecule substitution pattern analysis

H NR, NR, NR, NR, NR,
~ . R R2 R2
gSAr »
. -, ~ N R’| R»I
: -nitration Rl Rl R
-reduction I I ’ ' '
25% 21% 17% 8% 7%

NR

4%

R'I

Unpublished




Substitution Pattern Alteration via Nitrogen Ring Walk

-Late Stage Exploration of Substitution Pattern Chemical Space

3 3
I |

2 s 2

RS \c/‘v’\fiz‘: e et

| 1T = |
ALCE T NN

R3 . H R3 ; NR,

R4 R4

- substitution pattern alteration

-addition extra functionality

e

Nu = R-OH, R,NH, R-SH

Unpublished
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Substitution Pattern Alteration via Nitrogen Ring Walk

-Late Stage Exploration of Substitution Pattern Chemical Space

R’ R’
| |
R% \C/‘NRZ R% \C/H
| I — | I
¥ NF S 37 ~
R ; H R NR,
R4 R4

- substitution pattern alteration
-addition extra functionality

R1
RZ NR,
Nc” \C
Cu = C
R3
Y

Nu = R-OH, R,NH, R-SH

-remove of the extra functionality
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R’I
1

RZ

R3

= C/3

Il
AR O

R4

aryl azide

N

H

Synthetic Strategy and Reagent Design

good
nucleophile

LG
hv = 390 nm

break
aromaticty

R1 (\
\ /LG

RZ, C

3H-azepine

lone pair
electron

| \} ./\TFAA
N :

aromatization

easy to
remove

1
. R
RZ LG

R'I
7
) C
RSN \I?JH
RY  TFA

ortho-aminolLG

RZ, H
T
) C
RSN \IIIH
RY  TFA

ortho-aniline




Synthetic Strategy and Reagent Design

RWNTH
R R’ R! R A7 R!
R2 ! N “SAr! R2 ! C/S\AIJ R2 I S - R2 I % R2 I H
~ 3 '~ ~ + ~ ~
= ICIZ/ hv = 390 nm \\N TFAA | AN CI:/ \Ar1 Ar? or "Ar? | \C/"'\Arw hv = 390 nm | AN CI:/
AR . / . C . C . C
R3 : SH R3 —C R3 I/ \’TJH r3 = \I?JH R3 = \’TJH
R R4 RG TFA RO TFA R TFA
aryl azide 3H-azepine ortho-aminothiophenol sulfonium ortho-aniline
break aromatization sulfonium photo
aromaticty formation cleavage

Unpublished



Synthetic Strategy and Reagent Design

1 Ar2
! |
% C/N3 S o SH A \C/S\Ar1 B or B2 \C/§\Ar1 Xc”
. —— = T A
. < ~ ~ ~
T Y TR . t-Bu \ITIH t-Bu \I?IH t-Bu \I?IH
1
! TFA TFA TFA
HS
HS HS HS HS OMe
L. OO O L
MeO OMe
OMe OMe MeO OMe MeO OMe
A: DMAP (1 eq.), 1,4-dioxane (0.05 M), B":NCS (1 eq.), Bi(OTH), (1 eq.) BZ:MeOTf (1.5 eq.) C: Cs,CO;4 (1 equ),
hv =390nm, r.t., 16h 1:1 1,4-dioxane/MeCN (0.033 M), DCM (0.05 M), r.t., 8h. 1:1 MeOH/Acetone (0.05 M)
then TFAA (4 eq.), r.t., 2h rt., 6h ,hv =390 nm, r.t., 12h

Arstad, J. Am. Chem. Soc. 2018, 11125; Zhang, Org. Lett. 2022, 8417.



Synthetic Strategy and Reagent Design

1 $r2
1
% C/N3 S o SH A \C/S\Ar1 B or B2 \C/§\Ar1 C \C/H
. — = A T A
. < ~ ~ ~
D 2O T . t-Bu \ITIH t-Bu \I?IH t-Bu \I?IH
1
! TFA TFA TFA
OMe CF3 OMe CF3
O Me Me Me
: ! $
R—S + - - -
R—S+ R—S_+ R—S¢ R—S¢ R R™ RE
O CF3 OMe
O O Meo O MeO O e oM
e
OMe OMe OMe OMe
A 58% 49% 52% 43% 75% 48% 67% 65%
B 69% 68% 49% 26% 78% — 100% —
(ot 12% (insoluble) 39% 13% 5% 98% — <5%(insoluble) —
A: DMAP (1 eq.), 1,4-dioxane (0.05 M), B":NCS (1 eq.), Bi(O-I'f)3 (1eq) BZ:MeOTf (1.5 eq.) C: CSZCO3 (1 eq.),
hv =390nm, r.t., 16h 1:1 1,4-dioxane/MeCN (0.033 M), DCM (0.05 M), r.t., 8h. 1:1 MeOH/Acetone (0.05 M)
then TFAA (4 eq.), r.t., 2h rt., 6h ,hv =390 nm, r.t., 12h

Arstad, J. Am. Chem. Soc. 2018, 11125; Zhang, Org. Lett. 2022, 8417.



_ - - RWTH
—cAly Scope of Nitrogen Ring Walk
R1 A C R1 MeO OMe
, ! hv, HSAr hv, , !
R e TFiAA Cszfo3 RL -
Il > ]
) C | ) C
R? \ “H B R? \ \I?JH HS
R4 Bi(OTh, RS TFA
1 NCS A
H H H A Me H A _H
ZZhed ZZod ZZod I 2 od Nc”
Ph o o o S o ¢
X SNH X SNH PinB X “NH | Ph X “NH Z NI
Ph | | | TFA | I
OH TFA TFA TFA Me TFA Br  TFA
29% 36% 50% 48% 31% 1:2,36%
(A 53%, B 76%, C 73%) (A 65%, B 75%, C 75%) (A 78%, B 67%, C 95%) (A 62%, B 78%, C 98%) (A 59%, B 55%, C 98%) (A 56%, B 70%, C 92%)
\C/H
. Et | é
H 2
=z Nc” =z H NH
" | S Ien
C N G
N 2T c” NH PN o N
I | BuO,C NH H
OMe TFA H TFA +FA 55%
27% (A 71%, B 81%, C 98%) 1:1, 26%
1:9,50% 48% (A 58%, B 76%, C 95%) from Aminoglutethimide (A 59%, B —%, C 44%)
(A 79%, B 78%, C 96%) (A 71%, B 78%, C 87%) from Butamben 1 gram sca|e from Estrone

Unpublished
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Unpublished

Ortho-diversification

Ritter, Nature, 2019, 223

Selective para- CH installation of Thianthrenium

TFT=0 (1.0 eq.), TFT (3%)

| \C/H HE;I'FFAC\,)AE(B.((ZeSq.) | S
t .0 eq.
_ 4 2 g - g
R Nc”
MeCH (0.1 M), r.t., 24h |
R! Z F

Powerful Synthetic Handle
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Ortho-diversification

B TFAA
Bi(OTf); —|  2gscale
NCS
0.5 g scale \

-

OMe

MeO O

OTf

Me | \C/§ O
|

C
= SNH

|
Me TFA
57%
(A 80%, B 71%)

Formal “Ortho- CH installation”

of sulfonium salt

Powerful Synthetic Handle



wo i AD

AN

Me
Unpublished 719,

NH

I
TFA

\
M

e

Ortho-diversification

IMdF(CF3)ppyl2(dtbpy)PF, (1 %)
Cu(MeCN),PF, (1.5 eq.)
CF(2.5eq)

Acetone, hv 440 nm

B,Pin, (3 eq.)
H,O (15 eq.), DMF

A

then Pinacol + Et;N (5 eq.)
hv 440 nm

@

N

\ 5eq.
Me

<
-

PTH 10%, DMSO, r.t., 16h
hv 440nm

0.5 g scale Y

B TFAA
Bi(OTf), —
NCS

OMe

MeO O

OTfS
| N7+ O
|
C
ZNT

|
Me TFA
57%
(A 80%, B 71%)

B(OH),

F.C 3eq.

Pd(OAC) (10%),
dppp (10%)
Cs,CO4 (2.0 eq.),
THF, rt, 12h

CO,Me
\/©/ Me

1 eq.

\j

Pd(OACc) (10%),
PPh, (15%)

Et;N (3.0 eq.),
DMF, 100 °C, 12h

X _Ph

Ph  5eq.

\j

PTH 10%,DMSO, r.t., 16h
hv 440nm



m Substitution Pattern Alteration via Alkyl Group Ring Walk R
N DA AN AN O P ot Base s Ay N0 olx. Rled. \l N

] e I Il E— I Il —|—> |
N H,0 NP N 150°C NP Scopn N Diazo. NP o

! Halogen dance reaction !

review: Erb Tetrahedron 2016, 4973

Yamaguci, Sci. Adv. 2020, 6

Lumb, Nat. Chem. 2024, 1193

New of synthetic strategy for Nitrogen Ring Walk

: hv, HSAr hv,
AL TFAA c52|c03

¢ —
' \
- ~H Bi(OTH),

I NCS

Unpublished




m Substitution Pattern Alteration via Alkyl Group Ring Walk R

1 1 1
! Halogen dance reaction !

review: Erb Tetrahedron 2016, 4973

S \C/ ~ / C

| 1 I |—|—|> | 1
- 7SN PN - SN

—

A C/Br LDA ~. \C/H S~ o2 C/COZPh Pd cat., Base
I —_— | Il
C C C

e NS \H HZO e = \BI’ -7 X \H

Yamaguci, Sci. Adv. 2020, 6

H ~ _OH Ox. Red. ~_ \C/H

CO,Ph e H Diazo. ‘ OH
1 1 1
1 1 1

Lumb, Nat. Chem. 2024, 1193

New of synthetic strategy for Nitrogen Ring Walk

: hv, HSAr hv, :
N~ C/N3 TFAA Cszlcoa TN C/H
] > |
A C ! A C
‘ ~H Bi(OTH), . h
1 1
. NCS \

Unpublished

=
’/ \ C\

New Methodology for Alkyl Group Ring Walk

C/Alkyl Possible ? h \C/H
]

~

\]

~C
H - SAlkyl
1 1
1 1




Unpublished

Substitution Pattern Alteration via Alkyl Group Ring Walk

OH
LA (0.5 eq.) AN
CH,Cl, (0.1 M), 7
rt.,2h, hv |
Me
2
A =310 nm AlBr, 68%

OH

Me\c/
“ |

Child, Chem. Comm., 1970, 1581
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Substitution Pattern Alteration via Alkyl Group Ring Walk

OH OH OH
Z | LA (0.5 eq.) | AN Me\C/ |
+
ve” T CH,Cl, (0.1 M), F X
rt., 2h, hv I
Me
1 2 3
A =310 nm AlBr, 68% —
A =390 nm AlBr, — 64%
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Unpublished

Substitution Pattern Alteration via Alkyl Group Ring Walk

D

LA or BA (0.5 eq.)

CH,CI, (0.1 M),
rt., 16 h, hv

A =310 nm AlBr,
A =390 nm AlBr,

A =390 nm TfOH

63% 11% —

— 59% —




Alkyl Group Ring Walk: Systematic Analysis of Photo-stability

Me
D \C)m
46% k/C
A “Me
OH OH
=z A =
|C 63% |
NS o
$/ “Me Me/CVC\Me
Me
OH
Me )\ Me
B \Cl \C/
o
photo-stable
A B C

AlBr; (0.5 eq.), 310 nm,
CH,CI, (0.1 M), r.t., 16 h

AlBr; (0.5 eq.), 390 nm
CH,Cl, (0.1 M), rt., 16 h

TfOH (2-5 eq.), 390 nm
CHCI, (0.1 M), rt., 16 h

D
BCF (0.5 eq.), 390 nm
CH,CL, (0.1 M), rt., 16 h



Alkyl Group Ring Walk: Systematic Analysis of Photo-stability

OH
Me

D \C)m
46% K/C\

Me
Lk OH
= A Y B | 99%
|C 63% |
NS %
c” Me Me/c\vC\Me
0 Y
OH
B Me\Clkc/Me
o S
photo-stable
A B C
AlBr; (0.5 eq.), 310 nm, AlBr; (0.5 eq.), 390 nm TfOH (2-5 eq.), 390 nm

CH,Cl, (0.1 M), rt., 16 h CH,Cl, (0.1 M), rt., 16 h CHCl, (0.1 M), rt., 16 h

D
BCF (0.5 eq.), 390 nm
CH,CL, (0.1 M), rt., 16 h



m Alkyl Group Ring Walk: Systematic Analysis of Photo-stability RW

photo-stable

el OH
Me
o

46% Cu 50% I\\ |
Me e
[
Me
OH OH
= A % B | 99%
|C 63% |
NS %
c” “Me Me” “ X e
v ]
OH
Me Me
B \CI \C/
% J
photo-stable
A B (ot D
AlBr; (0.5 eq.), 310 nm, AlBr; (0.5 eq.), 390 nm TfOH (2-5 eq.), 390 nm BCF (0.5 eq.), 390 nm

CH,Cl, (0.1 M), rt., 16 h CH,Cl, (0.1 M), rt., 16 h CHCl, (0.1 M), rt., 16 h CH,Cl, (0.1 M), rt., 16 h



m Alkyl Group Ring Walk: Systematic Analysis of Photo-stability RW

photo-stable

Cin OH
M
D e\c)m A l\/le\C ~Z
—>
46% K/C\ 50% k\ |
Me (I:
photo-stable Me
OH OH OH
\C/Me B 72 A Z B | 99%
| ) 63% |C 63% |
/ OO \ oO
¢ " Me me” e
Me Me Y
OH
Me )\ Me
B \CI \C/
92% K/I
photo-stable
A B C D
AlBr; (0.5 eq.), 310 nm, AlBr; (0.5 eq.), 390 nm TfOH (2-5 eq.), 390 nm BCF (0.5 eq.), 390 nm

CH,Cl, (0.1 M), rt., 16 h CH,Cl, (0.1 M), rt., 16 h CHCl, (0.1 M), rt., 16 h CH,Cl, (0.1 M), rt., 16 h



photo-stable
OH

\C/l\/le
L
T

Me

AlBr; (0.5 eq.), 310 nm,
CH,CI, (0.1 M), r.t., 16 h

OH OH
=z A =
A A |
63% XN U C 63%
$/ “Me Me/cvc Ve
Me
photo-stable
OH
c \C/Me

36%

L
T
Me

B
AlBr; (0.5 eq.), 390 nm
CH,Cl, (0.1 M), rt., 16 h

Alkyl Group Ring Walk: Systematic Analysis of Photo-stability

46%

B | 99%

Me ( )§ Me

photo-stable

C
TfOH (2-5 eq.), 390 nm
CHCI, (0.1 M), rt., 16 h

photo-stable
OH

D
BCF (0.5 eq.), 390 nm
CH,CL, (0.1 M), rt., 16 h



m Aryl-Alkyl Group Ring Walk - Mechanism RW

i OAIB | \®
OAlBr, H "3 OAlBry OAIBr, OAIBr,
Me Me Me
H3XX Me—C @ @ S
= ® /) = H y/ — | | = |
Ny : 5 H : Z
Me : ' ' :
' : ' H H
C2 protonation !
H\@ E E : '
OH OAIBr, ; . : ,
AlBr o cyclopropyl - : N
| X 3 | AN hv, ring closure, y ] pt' Py hv,ring opening, aromatization
. migration - b :
N _Cz : g 1-2 H shift :
e Me , : : !
C4 protonation L L@
OABr, ! OABr, ! OABBr, ! OAIBr, i TOABr,
® : N : ® ; ® ' X
) = 07 =47 =[] =[_
Me”” Me™ W < C
H H Me mé H e

Unpublished



m Alkyl Group Ring Walk : Scope

OH OH OH
Pr
A L /I\/Ie
| j | Nc | N e
~ Py J
c c Z
| I $
Me i-Pr Me
52 % 57 % 50 %
| |
OH OH OH
_I-Pr Me
IHQC H)§C/ (‘\C/Q‘\Me
C\) C\) \)
Me” -Pr” ve” NP
Thymol Carvacrol Amylmetacresol
|
B
\/ * y
OH OH OH
Me )\ i-Pr i-Pr Me )\
~ e ~ - Me
Cl Nc CI Nc c \C/H‘\I\/Ie
86 % 78 % 86 %

70 % [1g scale] Unpublished



Alkyl Group Ring Walk : Scope

OH OH OH
i-Pr
A L /Me
) ) o 0
H
- A J g
| [
Me i-Pr ,\|/|e N
52 % 57 % 50 % Ve
T T T &-Tocopherol
A
| | | Me Me
OH OH OH
_-Pr Me
ﬁc ﬁcx (KC/Q\M(%
C\) C\) \)
Me”” i-Pr”” Me/c Z OH OH
H
Thymol Carvacrol Amylmetacresol it

B i s— — ®

Cc_ =2C
l * l Me” \?/ “Me
Cl
OH OH Chloroxylenol
v X
- Me
~c SNy

OH
Me )\ i-Pr i-Pr
\CI Xc” ~c

S

86 %
70 % [1g scale]

I
J
78 % 86 %

Unpublished

e
Cl Cl
66% 28%




Substitution Pattern Alteration via Alkyl Group Ring Walk R
OH OH OH
NN oy
cl C cl C cl )
Me”” A “OMe Me”” A SF Me”” \$/
Me
B
Y * Y
OH OH OH
Me\ﬁ)\ Me\C|)\ I\/Ie\Cl)§C/C
k¢C\0Me I\¢C\F kc/)
50 % 42 % l\l/le
90 %
A B (of D
AlBr; (0.5 eq.), 310 nm, AlBr; (0.5 eq.), 390 nm TfOH (2-5 eq.), 390 nm BCF (0.5 eq.), 390 nm
CH,CI, (0.1 M), r.t., 16 h CH,CI, (0.1 M), r.t.,, 16 h CHCL, (0.1 M), rit,, 16 h CH,CI, (0.1 M), r.t.,, 16 h

Unpublished



Alkyl Group Ring Walk : Scope

OH OH OH OH
Ph Ph
(KC/ A B h
I
c\) C Co — C C
l\/le/ = I\/Ie/ = l\/le/ \? Me/ v/ >pPh
Ph
B
Y Y Y Y
OH OH OH OH
| \C/Ph Ph\c N Me\C N Me\C)\
| C ®
/) L _ ¢
i ; ¢ Z e
Me Me Ph 50 %
53 % 43 % 25 %
A B C D

AIBr3 (0.5 eq.), 310 nm,
CH2C|2 (0.1 M), rt., 16 h

AlBr;(0.5 eq.), 390 nm
CH,CI, (0.1 M), r.t., 16 h

Unpublished

TfOH (2-5 eq.), 390 nm
CHCI, (0.1 M), rt., 16 h

BCF (0.5 eq.), 390 nm
CH2C|2 (0.1 M), rt., 16 h

E
TfOH (2-5 eq.), 310 nm,
CH2C|2 (0.1 M), rt., 16 h



. c Alv

Alkyl Group Ring Walk : Scope

OH OH OH OH
Ph Ph
ﬁc/ TS B H\ &
[
c\) C Co — C C C
Me” NP o NF Me”” \? Me” NF TN py A St
Ph
1
B
Y Y ¢ Y Y
OH OH OH OH OH
Ph Ph M M
| \C/ \C A e\C A e\C/g AN
I II\ L/
/) I\ = = C Z
i i % L ;
Me Me Ph 50 % Ph
53 % 43 % 25 % 45 %
A B C

AIBr3 (0.5 eq.), 310 nm,
CH2C|2 (0.1 M), rt., 16 h

AlBr;(0.5 eq.), 390 nm
CH,CI, (0.1 M), rt,, 16 h

Unpublished

TfOH (2-5 eq.), 390 nm
CHCI, (0.1 M), rt., 16 h

D

BCF (0.5 eq.), 390 nm
CH2C|2 (0.1 M), rt., 16 h

E
TfOH (2-5 eq.), 310 nm,
CH2C|2 (0.1 M), rt., 16 h



m Substitution Pattern Alteration via Aryl Group Ring Walk R
OoH oH
5 g
P P
i L
%, %, N %, %

45% 36% 18% 13% no reaction complex mix

A B C D E
AlBr; (0.5 eq.), 310 nm, AlBr;(0.5 eq.), 390 nm TfOH (2-5 eq.), 390 nm BCF (0.5 eq.), 390 nm TfOH (2-5 eq.), 310 nm,
CH,CI, (0.1 M), rt,, 16 h CH,CI, (0.1 M), r.t,, 16 h CHCI; (0.1 M), r.t., 16 h CH,Cl, (0.1 M), rt,, 16 h CH,CI, (0.1 M), rt,, 16 h



Substitution Pattern Alteration via Aryl Group Ring Walk !
OH OH
5 g
PN =
" ir
%, %, Y , *,

45% 36% 18% 13% no reaction complex mix
A B C D E

AlBr; (0.5 eq.), 310 nm, AlBr;(0.5 eq.), 390 nm TfOH (2-5 eq.), 390 nm BCF (0.5 eq.), 390 nm TfOH (2-5 eq.), 310 nm,
CH,CL, (0.1 M), rt., 16 h CH,CI, (0.1 M), rt., 16 h CHCIL, (0.1 M), rt.,, 16 h CH,CL, (0.1 M), rt., 16 h CH,CI, (0.1 M), rt., 16 h

OMe OMe OMe

\C/Me c \C/Me E I\/Ie\c)%C/l\/le

| J T | — l
7 PANT% =
C Me

Me 42%




m Substitution Pattern Alteration Reactions
1 1 1 1 1 1
1 1 1 1 1 1
S = C/Br LDA RS \C/H S = C/COZF’h Pd cat.,, Base ~~ \C/H ~o = C/OH le. Rled. .. \C/H
I _ | I — || I —T | ]
-, C -, C -, \ C ° - / C P C P C
BRI SH H,0 - TS . ~H 150°C - \COZPh N ~H Diazo. ‘ = ~OH
1 ] 1 1 1 1
! Halogen dance reaction ! ! ! ! !
review: Erb Tetrahedron 2016, 4973 Yamaguci, Sci. Adv. 2020, 6 Lumb, Nat. Chem. 2024, 1193

New of synthetic strategy for Nitrogen Ring Walk

I hv, HSAr ~ hv, |
s NN TRAA CSzlcos N,
I - |
- \ c I o /C
S Bi(OTH), . “NH,
1 1
| NCS |

Unpublished

New Methodology for Alkyl Group Ring Walk

OH O
N 2 C/Alkyl AlBr;or TfOH s \C/H

I > !
N C\H hv =390nm or 310nm .~ /C\A|ky|




m Substitution Pattern Alteration: Directionality R
~o / C/Br LDA S \C/H S / C/COZPh Pd cat., Base S \C/H So / C/OH le. Rled S | \C/H

| —_— I ]| —— I | —|—> I
XNy H,0 L ONF NG, XNy 150°C .- //C\Cth XN Singo. LN ONon

! Halogen dance reaction !

review: Erb Tetrahedron 2016, 4973

Yamaguci, Sci. Adv. 2020, 6

Lumb, Nat. Chem. 2024, 1193

¢

Deprotonation Equilibrium
by LDA

key intermidiate
1

often | !
lacks of 2o

directionality I

Br

Li

Unpublished

~

-,

¢

Thermodynamically driven CH activation
by Pd catalyst

kev i —
| o ey intermidiate

I )J\ :
e Pd NPl
I l Il >Pd
- \ C\H”OPh /’ \ C

¢

Eletronically-sterically driven diazotization
by designed reagent

key intermidiate

i-Pr i-Pr
~ < / //NZ
0,5 Q !
| -
_NH  i-Pr ° SO




Substitution Pattern Alteration: Directionality

New of synthetic strategy for Nitrogen Ring Walk

I hv, HSAr ~ hv, :
~ C/N3 TF,lAA CSZCO3 S~ \C/H
I > [
A€ ! R €
 TH Bi(OTH), c “NH,
1
. NCS .

key intermidiate

T’,«’ N key intermidiate |
1 1 N R
NN N R | CaeNa If\’W
I <: C — [ ..o ~c
N C ? = D

A 390 nm A 390 nm

Single Nitrene delocalization-insertion

Inherent directionality
Unpublished



B
oAy

Unpublished

Substitution Pattern Alteration: Directionality

New Methodology for Alkyl Group Ring Walk

Ll OH

) MO AlBror THOH RN

L
’

JRARNN C\H hv =390nm or 310nm .~ /C\Alkyl
1

¢

T key intermidiate T R key intermidiate I\I/Ie
¥
HO C H HO_ _C Me, HO_ _C H
Z e A N HO _Me Z 7
I {——Ho_ _C_ _Me— . AR — I
NN ® C U CE I . _C
Me | H e -
X H
A 310 nm A 390 nm

Protonation and Absorption are fundamental for the directionality

Group translocation can be controlled by different wave length



m Photochemistry for Benzene Substitution Pattern Alteration RW

Photochemistry Rearrangements :

Sustainable : Avoids precious metals like iridium, platinum, and ruthenium.
Energy Efficiency: No heat required, with the potential to harness solar light as an energy source (energy savings)

Atom Economy: Promotes highly efficient photochemical transformation, all atoms are already into the final product.

Proc. Nat/ Acad. Sci. USA 2007, 16964 X
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Selectivity

OH OH OH OH OH OH
M
Xy A310nm Xy M390 nm e\C AN AN A 310 nm Xy 2390 nm AN
/ b C ~
? Me” NF Z ? o NP cI:

Me 64% Ph Ph
68% 39% 45%




Selectivity
OH OH OH OH OH
Xy A310mm Xy A 390 nm Me\c AN A 310 nm Xy 2390 nm AN
| - C| s | -~ C| e |
$/ Me” NF Z | P NF (IZ/
Me 64% Ph Ph
68% 39% 45%
— (2 protonation
— (4 protonation
10000 T T R 11— 35000
RAREN BRI J RARLN RALLE RALEN LLLL C LAl 1) AR RALLS LALL | ALY RLLEY
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Absorption 163§
340 nm tayo= s
OH OH * H
H H H OH
H N H N ¢=0.13 TS 8.2 kcal/mol
—_ Me—C —_
S : e T / 5
Me Me! H '
OH ; ®
AN C2 protonation St
Co o AG=2.9 kcal/mol H
Me” hv ) :
ring closure cyclopropyl
S—>S; . .
: . migration
H® : '
“OAlBr, ;
X C4 protonation : ; '
| AG=0.0 kcal/mol E *
c : OH
Me” P : OH
® : ® : :
cl | Cl | - o -
Me” Me” - TS 12.2 keal/mol
6 =075 ,,.~C
H H H H
Absorption s H H
280 nm

Unpublished

H I —

-24.9 kcal/mol
OH

Me
\C ®

deprotonation,

hv 5,—(SC)—T,
OH :
@/ . H
C
H |
Me
-18.2 kcal/mol

Alkyl Group Ring Walk - Mechanism

ring opening (ICS)

o) :

: 0 OH
: H
H Me
o : Me—\C \CI S
Z : \ ; >
0 H H

1-2 H shift aromatization
? : o) : OH
{H :
v H \ X
_ E— ==
c X 7
| ¥ ¥
Me
So Me Me

Riera, Org. Lett., 2001, 3197 X



