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Conventional Transformation of Nitroarene

B Aromatic Nucleophilic Substitution

oZ;l,,o ¢ cl OH

: NaOH/H,0
: —_— 2
: 136°C

N NO
Electron Withdrawing Group O 2

B Transformation of Nitro Group Ve
Me Fl’
MefleN SO

(I)H Me
NO, B\OH Me (15 mol%) N
+ . >
©/ PhSiH3 (2 eq) ©/ \©

m-xylene, 120°C

OMe
o Co/NGr-C@SiO,-L -
o r-C@SiO,- N

NO, MeO .~
o \n/\)ok e (Y

(0]

Fe(acac)s; (30 mol%) HO
OH PhSiH3 (2 eq)
O EtOH, 60°C O Me
+ ? e Me
O NO, then, Zn, HCI (aq) O N

60°C
Radosevich, A. T. et. al. J. Am. Chem. Soc. 2018, 140, 15200-15205
Beller, M. et. al. Angew. Chem. Int. Ed. 2020, 59, 18679-18685
Baran, P. S. et. al. Science 2015, 348, 886—891.




Introduction: Aryl Ketone And Alkyl Ketone

B Low energy gap between S, and T, B Low energy gap between S; and T,
B S, -T, Symmetry forbidden (El-Sayed Rule) B S, -T, Spin-orbit coupling
B Moderate ISC (107 ~108 s1) W Very fast ISC (101! ~1012s1)
(n,n*) S *
? T, (m,n*) Vi
(Il,?[*) S, m——— A~ T, (n,m*
(n,m*) S, PR T1¢ (n,m*) 74 kcal/r:10l @=1.0 100%2(7”t )
84 kcal/mol $=1.0 T, (n,7*) o T T, (n,n%)
7 =2 ns 79 kcal/mol ° %8 kealimol
7= 7 us (£18)
7y~ 6 us (ZiR) 71~ 0.001 s(77K)
77~ 600 pus (77K) Pp=4x 10

D ~1x10-3
D, ~ b, =~
» ~0.04 (77K) p =~ 0.84 (77K)

O

o

PN Sy —

H,C  CH,

Sy =

B Photochemical behaviors of nitroarenes are similar to those of aryl
ketones.



Introduction: Nitroarenes

B Photochemical behaviors of nitroarenes

Fast and efficient ISC process, ® =~ 0.8

Very short triplet lifetime

out-of-plane coordinate of -(N)O, group

O
ll\i
©/+\O_

Terazima, M. et. al. J. Chem. Phys. 1998, 108, 4685—4686



Structure Deformation of Triplet Nitroarenes

(a) Sgstate

(by §, state

(cy T state

out-of-plane coordinate of -(N)O, group

6 = 38.8° The dramatic difference in the curvature of the

potential curve between the T, and S, states

makes the Franck-Condon (FC) factor large
for the T, to S, ISC.

Terazima, M. et. al. J. Phys. Chem. A 1997, 101, 5190-5195



T — t* Character And Localized Excitation

B The energy gap between T(r — n*) and T(n — r*) is very close

E = 7’1 & ’m
S
E , : i ©
RS Y
S LUMO (4 B,) LUMO+1 (5 B,) LUMO+3 (3 A.) LUMO+8 (6 B,)
-E 1.09 eV 2.60 eV 4.06 eV 5.83 eV
2 anti-binding (m*) anti-binding (m**)  anti-binding (n'*) anti-binding (m'*)
]
: | ! b
g X @ X 5
—°- o 7~ i’\ :
g g [
9
© HOMO(2A,) HOMO-1(3B))| HOMO-2(1A,) HOMO-3(16A,)| HOMO-4(11B) HOMO-6(2B,)
-10.08 eV -10.32 eV -12.38 eV -13.45 eV -13.48 eV -14.68 eV
binding () binding (nt') non-binding (n,) non-binding (n)| non-binding (n')  binding (n'")

B The excitation is localized on nitro group

8 ,:T:Y\\/\ e -
...: v
2 C I ; -4 ’;
R ‘
s \ 9 i @ @ I ﬁ
: )
v
©
state:  S/T(n->7*)| S/T(n'->7n*) S/T(m -> m¥) S/T(m' -> t*) S(ne-> ©*)
symbol: 1'A;[13A, 1'B,/1°B, 1'B,/ 2B, 2'A,[13A, 2'B,

Dreuw, A. et. al. Phys. Chem. Chem. Phys., 2014, 16, 12393- 12406



Overall Diagram

Z Conical intersection

@ Singlet-triplet crossing
@ Three-state degeneracy

S(n->mt*
T * uuul"".'"
(3 5/3 3) .: :"llll".""“"l"‘"z;"t“I""“"u""".""." '
3 6/3 3 ....'.. '":Il-l(l'l':‘l,ltl-lfl"lf::l)lluunuunulll'"'""""""."
(3.2/3. 0/ 2y

~240 NM

(3.7/3.7)

(3.1/3.0)

- 4.0

3.0

o 200

- 1.0

I i
So- S(n -> ¥*)- T(n7t -> ©*)- minimum

Dreuw, A. et. al. Phys. Chem. Chem. Phys., 2014, 16, 12393- 12406

energy [eV]
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Earlier Development

B Kinetically And Thermodynamically Disfavored

H,C=CH, + C-),ot\o — Q0 AH°® = —45.5 kcal/mol
IIDh
H,C=CH, + ph—N* —— 3 oo AH° = +7.5 kcal/mol
\ -

Ranganathan, S.; Ranganathan, D. et. al. Tetrahedron, 1981, 37, 4171-4184

B Decomposition of Primary Product

1
. N.
Ph\-,O Ph ’?‘ >

+ Acetone
/_O
_kMe
S
O
Me M
Me Me _ © Me
Ph\N,OvMe
+ Me H

¢ — 0 ——— N Me
Me Ph—N_  N—Ph PR
>=o - 0
Me Me

Buchi, G.; Ayer, D. E. J. Am. Chem. Soc. 1956, 78, 689-690



Earlier Development

r ot +

o’N‘o
-20°C NH,

B Electrophilic attack of a short-lived , n,* triplet on the olefin proceeding through a discrete
(biradical) intermediate.

B Electron-withdrawing groups
stabilized the adducts, but in no
case was a product stable at room
temperature obtained.

de Mayo, P. et. al. J. Am. Chem. Soc. 1971, 93, 2463-2471.



Oxidative Cleavage of Alkenes

NO,
Purple Ilght J/U\E _Q

B Stable Addictive

CF3 EtOAc

197%

97%
B No nitrene formation

Leonori, D. et. al. Nature 2022, 610, 81-86

Me ]
e
N o+
Me ‘O
N

CF3



Oxidative Cleavage of Alkenes

B Decompose Pathway

NO, .0
(0]
\ MeCN-H,0 C:
IN > \O
(0] 80°C, 15 min
CF3 71% (95% w/ 5eq CH,0)

B Work Up Procedure

- - (0]
O\ﬁ,Ar K2HPO4 (l) H Jl\
I urea N -Ar N N OH
Ar” +>N H H
n
0 _ o)
Olt_ Ar 0]
Ph—N;j * H — > Ph—N;\j/\/\N—Ar
0 0

B Overall Reaction

1. Purple Light
O
— /, 2. Cleavage: H,0, CH,0O
+ AN S »Q:
O

3. Work up

O Ar
||\ (Lead to prodect decomposition)
R

B Substrates Scope

\/
NPhth
Me AN
— HO*
Me F3C Me
89% 98% 70%
o Ce
N CHO
86% 76%

Leonori, D. et. al. Nature 2022, 610, 81-86



Achieving Regiocontrol

R? R?
ﬁ R R R EtOAc, -30 °C —0
2 . Purple light- /_(_f 2
7 R NO B3 [es e emitting diodes ! ! R
0 + 2 N2 CF; CF; > 0 + O
7 R3 o N&: F H then cleavage 7 R3 Lf{_
(1.0equiv) N8 H H —0
R* Major R? Minor
Electrophilic character of *Ar-NO,
N8 N4 N|2 N1
100 Me o H
64 @ versus g
T Me H
90 4 H o H
65 @ versus @
“,  Ph H
g H o H
2 804
z P
B s CgHy7 H
E: Me Ny CgHq7
@ versus @
% 70 83 77 67 65 |- 67 Ej
% H T CgH47
79 74 67 66 |68 a versus @
60 - A Ph H
Ph & Ph
o 6o /@2 versus @
AL Ph H
50 -

Leonori, D. et. al. Nature 2022, 610, 81-86 16



Achieving Regiocontrol

71, (-)-carvone IE/Ie 72, fusidic acid 73, exemestane 74, megestrol acetate
95%N1 a,b 42%N1,a,d 64%"3,3,[3 35%N7,a,b
(r.s.m. 43%°) 100% 100% (r.s.m. 68%°) 100% (r.s.m. 63%°) 100%
OAc
Me
Me OH Me Me Me  OAc
Z Me Iz NS
Me H
76, allylestrenol acetate 77, linalool 78, (-)-trans-caryophyllene 79, geranyl acetate
60°0N4'b’e 71 00N10.d,e SQ%NQ,G,T,Q 66ryN4,a,f,h
[+ 0, 0
(r.s.m. 389%°) 100% 100% (r.s.m. 49%9) inky (r.s.m. 55%C; £:Z 19:1)
=
AcQ Me
- R
HCI
NMe, R NO,

81, cyclobenzaprine*HCI
99%"1 Jb,i
(r.s.m. 42%°)

82, (-)-bisabolol acetate
78%N2,b,e,i
(r.s.m. 55%°)

83, (+)-valencene
46%N2,a,k
(r.s.m. 91%°)

R2

s

Leonori, D. et. al. Nature 2022, 610, 81-86

CN CN H
F H H
F  SO,CFz; H
CN Me H
: CN H H

75, lynestrenol
47 %N4,e,f
(r.s.m. 63%°) 100%

OAc
Me

80, (-)-perillyl acetate

73 %N2,a,b w
R R! R?

(r.s.m. 56%°)
NO, H CF4

CFs H CFg

17



Olefin Dihydroxylation

N1 (2.0 equiv.)

Me N o
- EtOAc (0.33 M)
, -30°C,24h
(1.0equiv) o rple LEDs

(i) NaBH4 (20 equiv.)
a EtOH-THF (3:2),-10°C, 24 h
(i) HX0, 25 °C, 24 h

B Diasteroconvergence

n-Bu n-Bu

E (68%)
Z (64%)

A

a=71% (66%)

Ar OH
o-N Me\(v))\/OH FsC NO,
Me ., A ° 6
9 1a
B1
accumulated b = 88%
in solution NO,
; (i) Pd/C 10% (w/w) (10%) N1
i |, KHCOz (10 equiv.), HCOoH (6 equiv.)
] MeOH-THF (3:2), =10 °C, 24 h
; (i)) 25 °C, 24 h
OH
N1 Bu .
- Y\n-Bu
Condition A OH
syn anti
3.3 1
2.5 1
r\ fast AI’\ »?«r er
N O+  bond rotation N-O- N, N,
(0] WH > 0 0 vs O O
Bk il BC-P e WPt
cyclization
triplet bi-radicals €’ B B’
major minor

Leonori, D. et. al. Angew.Chem. Int. Ed. 2023, 62, €202214508

18
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Nitroarenes vs. Benzophenone

B Quantum Yield
0 366 nm

U — Ph%—éoH ¢ =093
Ph Ph i-PrOH Ph Ph

NO, 366 nm (I)H
©/ Nio' ® =114 x 1072
i- PrOH

B Hard to Recycle

3
o' 3

|. .
\ @) (@)

B Bonding Ability of Oxygen
B Oxidant

h

O\

%

OX|dat|on

Pitts, J. N. et. al. J. Am. Chem. Soc. 1959, 81, 1068-1077
Testa, A.C. et. al. J. Am. Chem. Soc. 1966, 88, 4330-4332.

NO,



Anaerobic Hydroxylation

OJD D ,[ l
I =
N"cl FsC CF

NO,

OPi
V' oH
OH )\/\’/ OH

91% 63% 90%

OH
Lb/ NC/\/\}/OH

63% 45%

(I)H

Radical

RDS "OH  Recombination O)\ > O)\
o

Conditions A: .
3 (1.0 equiv)
H CH,CI,/HFIP 8:2 (0.1 M), 23 °C,
| 5-48 h, 390 nm a
. Conditions B: 4 (1.0 equiv)
(2-5 equiv) neat, 23 °C,
1 48 h, 390 nm
NO, ;
® 5
= :
N Cl .
OH OH oH
: BocHN : C|/©)\
82% 41% 50% .
OH OH |
OH .
Me '
Me E
82% 61% 60% ;
o /_\
NS
Ar (0] — = + N
N~ JAr
Ar” SN”

Ar”

Yoon A
+SN”

Parasram, M. et. al. J. Am.Chem. Soc. 2023, 145, 2794-2799

21



Reduction of Nitro Group

B2(OH)4 (2 eq)
ProH (15
rOH ( eQ)>

EtOH, blue LED
N2, r.t.

R R

B Substrates Scope

F4C H,N S

97% 65% 86%
NO
SO
a
H N7 NH
H,N 2
91%,>10:1 86%,>10:1

©/\/NH2

30%

a) NO, Blue LED NHOH 0
'PrOH 15 equiv. + )j\
THF, No, r.t, 5 h
° 1a © 4a GC-MS
95% detected
” OH
NO;  Blue LED NHOH !
TEMPO 2 equiv.
'PrOH 15 equiv. =2
THF, Ny, r.t., 5h
° 1a e © 4 HRMS
15% (GC) detected
c)
~ Blue LED o
©/N02 'PrOH 15 equiv. ©/NO .\ ril /@
> N
THF, N, r.t., 12 h @ *
<10% 52%
d
: o,Bnep
NO B,onep, 1.5 equiv.= N H,0 NHOH
CgDg, Ny, r.t., 40 min @ Bnep oo
3q 1 min
5q 4q
84% (NMR) 82%
e)
Hitees Bonep, 1.02 equiv. NH;
- + O(Bnep),
CDClj, Ny, r.t., 5 min
4q 2q NMR and

> 95% (NMR)

Yan, H. et. al. Chin. Chem. Lett. 2022, 33, 2420-2424

GC-MS detected

22



Reaction Mechanism

(HO).B. 1
\ . B(OH), ¥
.0
) (HO):B ]
Ph” NH é/ B(OH)2
-127.0 N y
— -
; TS4 Ph™
B,(OH), 1382
INT6 INT7 '\ O[B(OH)sl
19.0 |
o B(OH), =
Q © B(OH :
o i o° (OH)2 -
o INTS  pp- N2 .
N _NH; -267.8
Ph” “B(OH), OH Ph"@ =
_NH
Ph Ph—NH,

Reduction of PhNO by B,(OH),4 Reduction of PhANHOH by B,(OH)4

Reduction of PhNO, by 'PrOH under visible light

Yan, H. et. al. Chin. Chem. Lett. 2022, 33, 2420-2424 23



Reduction of Nitro Group

FeClz (10 mol%), Ny

NEM (4.0 equiv.)
CH3CN, rt, 400 nm, 16 h

1a 2a
Ar~|\i’?_ A Ar—N:O
*0 0,
1 ' A C
( %&t}w&\
8 O/’—_“\ﬁ ,Q o-Fe'l
Fol N ‘Eel Ar— N +H,0
Il
-H,0
o ’ LMCT
o\/’__*\,N/\ NH + 07
Fell NEM : Fem ol
| detected by HRMS
Ar—NO
D
Ar—
c "OH

-HZO

H
NO2  MeNHNH, (5 eq) N<on
>
Me Xe Lamp, N, Me
MeCN

©/NHOH
%st
N=0

CH3NHNH,

9
A
oL

“"‘-______’
PCET or HAT

NO,
o \"’g“"
(A) N |"

/PCET or HAT
SRS
' (A)

(A-H)

Yu, X. et. al. Chem. Commun. 2023, 59, 14177-14180

24

Lykakis, I. N. et. al. Org. Lett. 2020, 22, 4339-4343



Function Group Interconversion of Nitro Group

DIPEA (20 mol%) Rs B Mechanism

R3
R2
N OH B,nep, (2.2 eq) X
R’]_: H ol R1_: _ R2
Z o, THF/MeOH = 8/1
MeO
T
N
H

IZz__

OH Bonep ﬁ)
Blue LED, N, @(\/ nep, ©\/>/ mOH
h
NC NO, Y b S
m "
N N
H H

92% 85% 94%
B.

anepz
400 nm LED \
B,(OH), (2.2 equiv.) CF3 ~ epBOBnep A
2-PrOH (0.2 mL) H o
2 CF

MeOH (0.2 mL)

3 rt, Np, 9 h v : . . oy
ggerg;';ll 85% isolated yield B Oxidation of Benzylic Position
@)
2-PrOH O CFj Ar Ar
Q OH  By(OH); (2.2 eq) OH
Acetone THF/MeOH = 8/1 ~ on
GC-MS detected HRMS detected NO> Blue LED. N NH,
» IN2

calcd. for [M+H]™: 204.0736
Found: 204.0730

° <O o
400 nm LED FiC S
H Bsneps; (2.2 equiv.)
©\/\/ " DIPEA (20 mol%) ©\4ﬁ Cf\ 82% 82% 88%
THF (0.5 M)

NO, MeOH (50 pL) At OH
1a rt, Ny, 20 min A B
0.2 mmol HRMS detected HRMS detected Probably via /O
caled. for [M-H]": calcd. for [M-H]": N\
150.0549 132.0444 OH

R LSS A AU Yan, H. et. al. Chem. Sci. 2022, 13, 11074-11082



Function Group Interconversion of Nitro Group

B N-Hydroxyl Oxindole B Exception
Cy 0]
OH OH Standard
] EEE—
©\/\/ MeOH-THE ©\/>:o Condition .
NO, 400 nm LED N NO, N
OH Probably via: 92%
MeO o
F N N N 0 .
OH OH OH N\ 1
95% 82% 86% OH 0]

H
©\/\/ ©\/\/ Radical ©j>:0 0 o o O')
N' Couplmg N
OH - = P
N \N
H

N
B N-H Oxindole OH

@(\,OH MeOH-THF B,(OH), (1.5 eq), KOAc (2 eq) ©\/>:
> o
NO 400 nm LED MeOH, 50°C, 2 h

2

MeO N
N i N N
F5;C N PinB H H

82% 82% 80% N

w

Yan, H. et. al. Chem. Sci. 2022, 13, 11074-11082 85%



Function Group Interconversion of Nitro Group

CH;
R« Acetone H H,0 (2.0 eq) H o/g/
SH S\ /Ar /NQ _—
% e 0°C, Ny, 24 h xy NrgeR A7 S * PO Tgog ah Ph NS @
RO +  or R S I
O  J o © O 6
Al 440-445 nm 4 (1.0 eq) 5 (3.0 under dark: 0%
3eq SH Ar = 4-CH4-Ph (3.0 eq) blue LED: 34%
_ CH3
H O H O HoO 0] HoO
\ISI/ToI \g,ToI N\g/\/ S AT /'{L\ H,0 (2.0 eq) JRELN (b)
I il il Arm S Ar”+70 0°C, hv, 24 h i
Ph o o o o o] o}
64% o 4 (1.0 eq) 1a(3.0e 3a: 45%
o 66% 60% Ar = 4.CHa-Ph (3.0eq) Ar = 4-CgHs-Ph
B Mechanism BhNO e . CHy
e o]
2RSH 5, , HO@0eq) NS
1.0 eq 0°C, hv,3h  Ph” S
2 1l
OH Ar—NO; o
Ar—N 1a 2 €q 6 18% 3a: 0%
* OH 1.0 eq $18% Ar = 4-CgHs-Ph
N’ RS-SR !
Ar—=N*_ 4 o CH,
-Hy Ne
1 detected by GC o*? 2a °C 24 h /©/ / \S/©/ (d)
1
5(1.0 1.0 °
A _N:,O (1.0eq) 1.0eq 7: 42% 8: 35%
;;:‘1-9 r detected path b
W Il cetecte (Scheme 1d) CHs CH,
1/2RS—SR by HRMS NO,
blue LED . H . /@/ hv 1o (e)
PR M
path a Ph™ S Ph 0°C,24h S
e, {Scheme 1a) o 0
E 2 RSH Ho H 8 (1.0 eq) 1a (2.0 eq) 6: 29%
! AF—N + _— - ‘”’ ' N\ ,R
1 N — Ar S : Ar, S
! 0 hv 6 i 11 H
1 f\ O
'_-__1 ________________________ 3_ | hV 8 Ar/N\S/R CH3 hV O
H 1a 1]
Ar—NO, hv 7 o N + 0°C,24h .5:’
o}
(Scheme 1e) Ar—NO, 7(10e 2.0 eq
( a)

(Scheme 1f)

8:13%
Chi, Y. R. et. al. Org. Lett. 2022, 24, 8907-8913

6: 24% 27
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Basic Model

B Photoreduction of Nitro Group

3 RO

o i_OR .
N P(OR) P~PC Neg P(ORs) N
\O- . > N\()I OR - > .o
Electron-rich P(lll) Thermal Reduction
via:
Powerful Electrophile OR

- 1.0R

S

B Singlet vs. Triplet

1 . 3 .
.

0.1-1.0 ns, pentane Ground State

| NuH NH Z—NH N
> NEty ——3 NEt, ——> W—NEt,
Such as Et,NH N A\
| Z N Et,NH 7 N
> ) — W\—NEt,
N NS

Platz, M. S. et. al. J. Am. Chem. Soc. 1997, 119, 5059-5060
Gallagher, P. T. et. al. Angew. Chem. Int. Ed. Engl. 1979, 18, 900-917




Dearomative-Rearomative Coupling

EtoNH (2 eq)

NO> ) NEt NEt
P(OPrg) (10 6q) 2 9 2 NEt,
M / \N —_— NH ------- »
Me MeCN, 427 nm " \= Me Me NH,
B Thermodynamic Perturbation
NEt
/ TFAA |\ cr, X 6e 2 cF, NEt,
Me N —> Me—\ _* N\\( _>Me / NP —> /@N% —
S — \\g Me o Me NH
CF,CO0 T TFA
0
B Other Electrophiles
other activating agents* alkylating agents as activators*
TFAA + KOH Bz-Cl Ts—Cl Cbz—Cl Me-OTf Me-|
NEt,
\.,NEtz \.,NEtz \.,NEtz .,NEtz \.,NEtz \.,NEtz ) {\
Me “NH, Me “NH Me” 7 “NH Me “NH Me “NH Me N Me” \=*x O
2b 3b By 4b T 5b Cpz 6b Me 70 Me X
85% 40% 68% 42% 70% 75%

Leonori, D. Chem, 2023, 9, 3685-3695



Dearomative-Rearomative Coupling

/IC(NOE O‘N 0  Conditions i \.,ND
| + _— |
- H .
Me” ~F " H AorBorC Me” NF \l}”"
1a 8c-37c 8b-37b TFA
(1.0 equiv.) (2.0 equiv.)
one-pot conditions stepwise conditions

A: P(O£Pr)3 (10 equiv.), CH3CN (0.1 M) B: P(O£Pr); (20 equiv.), £PrOH (0.1M) C: (i) P(O£Pr)3 (20 equiv.), #PrOH (0.1M)

ri., 16 h, hv = 427nm light r.t., 16 h, hv = 427nm light r.t., 16 h, hv = 427nm light

then TFAA (25 equiv.), CH3CN (0.1M), r.t. 4h then TFAA (25 equiv.), CH3CN (0.1 M), r.t. 4h (i) TFAA (4 equiv.), CH3CN (0.1M), r.t. 4h

OH

oL .

N N N

X L™ o0

Me NH Me NH Me NH O ©/
TFA TFA

TFA
A: 54% A: 62% A: 61% Limitation
/@NEtz /@NEQ QNEI:Z Ph NEt,
TFA TFA TFA Ph TFA
C: 72% C: 99% A: 43% C:69%
a :
. N ' Me0\©:N Et, AcHN\©iN Et, NEt, MeO NEt,
4 \H N il N
E TFA TFA Ph TFA CF; TFA
C:24% C:37% A: 30% B: 81%
path b path b path a -

Leonori, D. Chem, 2023, 9, 3685-3695



Conversion into Pyrrolidine Analogues

Et,NH (2 eq) NEt, .

NOz2 p(0'Prs) (10 eq) 7 hv
R 427 nm R\ _N disrotatory m\NEtz

300-350 nm

Et,NH (4 eq.) H Et,NH (8 eq.) ph H
P(Oi-Pr); (10 eq.) : Ph P(0i-Pr); (20 eq.) :
—. - e — O -y <
Ph NO, CH3CN (0.025 M) Ph =N NO, CH3CN (0.025 M) N
1 rt,72h H 2 rt,72h H
hv = 350 nm 1b hv = 350 nm 2b
34% -
Et,NH (4 eq.) CH;CN (0.025 M) Et,NH (8 eq.) CH4CN (0.01 M)
P(Oi-Pr); (10 eq.) /O_ NEt rt,20h P(Oi-Pr)3 (20 eq.) Ph\.@_ rt,20h
. ¥/ 2 - / NEtg
CH3CN (0.1 M), r.t., 16 h Ph” XN hv =350 nm CH3CN (0.1 M), rt, 16 h XN hv = 350 nm
hv = 427 nm 1a 88% hv =427 nm 2a 58%
43% — (42% in i-PrOH)
C) UV/Vis absorption spectra E) HOMO and LUMO analysis for C and B
5 1 s
34 1 —— 2a '
s :
c3 A :
2 } LUMO
22 4 ;
o
w '
a4 | :
< :
0 . . . o
200 250 300 350 400 :
Wavelength (nm) :
D) S, excitation energies and oscillator strengths ;
* \ HOMO
A Ph Substrate E., (eV) f :
B Ph._J A 380 0.3641 |
/)—NMe;, B 432 0.1350 :
C Ph N c 415 04753 |
D Ph D 400 02846 c B 32

Leonori, D. et. al. 3. Am. Chem. Soc. 2023, 145, 27810-27820



Conversion into Pyrrolidine Analogues

Conditions A or B O\

Conditions A

NO,

a, major
R N

b, minor

)3-0

>

4
N rt., 16 h, hv = 350-427 nm

o

T

B: 73% B: 78% B: 78% B: 75%
| | )—NEt, /) —NEt; /)—NEt,
N S N N
N Vi
% Ph
F vs. vs. vs.
F
Ph
NS

L/ \\
I D—NEtz |EEN>—NEt2 I D—NEtz

N N

A 47%,4.2 :1 A:61%,2.4 :1 Ad47%,1.2:1

Limitations:

R
©/N02 /©/N02 : NO,

Leonori, D. et. al. 3. Am. Chem. Soc. 2023, 145, 27810-27820

Conditions B

NEt, EtoNH (4 eq), P(Oi-Pr); (10 eq) Eto,NH (8 eq), P(Oi-Pr); (20 eq)
r.t., 16 h, hv = 427 nm
then r.t., 16 h, hv = 300-350 nm

- OH
Ne /) FAC Cl
)—NEt, )—NEt, m—NEtz m_NEtz
N N N N

MeO

m_ NEL
N

FsC
B: 68%
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Polysubstituted Azepanes

Dearomative

N insertion
and
NO, hydrogenolysis H
Azepane, B

Nitroarene, A

Pd/C (10 mol%),
PtO,, (10 mol%), H,, (50 bar)

EtOH, r.t., o/n,

Et,NH (8 equiv.), —
Ph P(Oi-Pr)3 (20 equiv.)
> |
i-PrOH (0.1 M), r.t., o/n, =
RO5 blue LEDs, N™ “NEt

1 80%
(gram scale)

(1) BF3-Et0 (1.5 equiv.),
THF, 0 °C — r.t.,, 1 hthen

o

Ph-Li (1.5 equiv.), =78 °C

(2) Ha (1 atm), PtO2 (10 mol%),
EtOH, r.t., o/n,
76%, d.r. 7:1

Leonori, D. Nat. Chem. 2024, 10.1038/s41557-023-01429-1

Ph
N
H
1b
Ph
N
N Ph
1c
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Polysubstituted Azepanes

(hv) Me (hv)  FsC Ph (hv) Ph
8% 99% 41%
O oh
NO
02 H2) 2 (Hp N
88% 62% 70% 301
PMPR
PMPR
— (Hz)
Z 78% N
Br
Br- — PhMeN
\©\ (hv) PhMeN
NO, 72% \N, - [Pd], PhNHMe» — (Hp)
2 50% ~ 65% N
N~ “NEt, H
/00/
;@/)O
5‘90/0 0
NEt,
Ph
(hv)  (Hyp)
(hv)  (Hy) 2
91%  46% 91% 93%
Ph
/\©\ O, n-hex
N
NO, , H / HexLl
ArLi 799
61% 6.8:1 0 5.8:1

Leonori, D. Nat. Chem. 2024, 10.1038/s41557-023-01429-1



Outline

B Introduction: Photochemistry of Nitroarenes
B Reaction with 7-Systems
B Photoinduced HAT reactions

B Reduction to Nitrene Species

B Summary and Perspective
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Summary

B Photochemistry of Nitroarene

1
[Ar—NOZ] F,

%3[

AF—N02I
uv e
- Short lifetime
Vis
AI'_N02

B HAT Reaction

H ArNO, OH
—_—
o T w T oh

NO,

||:G
f N Red ' N NH2 N NH
R-_/ — R or R—-
hv Z =

B Cleavage of Olefins N
|
/=b pY 3 o Ne)
* Ar=N+ —Q—»
0 o
Ar
| /O
N
o’N‘o HO OH

— + or

B Reduction to Nitrene

NO, N e

N P(OR) XY .. N NEt

R@/ 3 R:— HNELt, <\\/ 2
Z hv Z

B Favoring Electron-Deficient Nitroarene

B Only Nitrobenzene Derivatives
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PPh,
RB(OH),

A. Mechanistic hypothesis J\

NH, Me” “Me __ LnFe™H
(Transfer of protons and L, Fem-1 S4
water molecules are
omitted for clarity) s3 H
m.
Optimized conditions LnFe™-H /[ L et
M M e
(HO),B W(CO)g (10 mpl%) H NO, N, e S5 e n
_NO, PPh; (3 equiv) N o
Ar » Ar N\
365 nm LED (4 W) N OH
Ar = 4-F-CqH, CPME, 22 °C, 24 h H S 52 N e me” 0
1a 2a, 1.5 equiv. "standard conditions 3a *Me . N Me

Ln Fem H L,Fem-1 Ve K
e
i M
‘ PPh, PhSIH;(OEY) s6 Ve
o | _-Co . Zn® + HCI
L F

H.0 W m N
- em]
) oc” ™ PhSIH; + EtOH | liqand e Me
. co g
PPh, e Me
d|SSOC|at|on S8 J< S9
h PPh, Fe(a ac), HO™ "Me
B 3 trans-W

+ L
HO  O-PPh, {
HO-B-N PPh; |*
F{J - cis-W
A _~C0O
Cwe 365nm | - CO BB 1%
oc I\CO W\ | +PPhg I Co
PPh, idi PPhy
T5-1 { ]B trans-W*
Ox
PathA  Ox) PP Ph-NO,
RB{OH]E u!.r
trans-W O=PPhj
nﬁ “Ph
PPh, FPhs
Path B Int-2

J. Org. Chem. 2022, 87, 8, 5303-5314 39



Franck-Condon Factor
The radiationless decay rate constant k is given by
k™=A|(n|Hy|m)|%(Er)F,

Where Ais a constant. p(E)is the density of the ground
vibronic states in the energy region of E, and F is the
Franck-Condon (FC) factor between the S, and T, states.

Theoretically, when the positions of the minima or the
curvatures of the potential surfaces of the two states
are very different (displaced or distorted oscillators,
respectively), the FC factor can be large.

Chemical Physics 1986, 107, 81-87



Oxidative Cleavage of Alkenes

oo

F

B Mechanism
0® 00
1 390 nm l@
N, —» ,N-.
Ar“g O MeCN,rt Ar"* 0
S

0
HJLH

71%

A
O
\Oe

Parasram, M. et. al. J. Am. Chem. Soc. 2022, 144, 15437-15442

(1.5 equiv.) Q
i oo
MeCN (0.1 M), 23 °C, 5-48 h
390 nm
2
0 Q 1
! H H Me
MeO
O
51% 52% 39%
Proposed Mechanism
0+ R ﬁr
ot i i . ne Traps ]
Ny o : /r > | oo | Radical Fragmentation _ . NueneTie _ Nitrene Adducts
r U Ar” 0 \—{R :326% Aryl nitrene
12 13
H
H
~
R.__H H.__H 0)<
T, e . e % X
H \H\G)/\N‘Ar Polar Fragmentations R)LH @QN_Ar Ar’“\3< H™ H
e R
15

41



Photocleavage of Nitroarene Protecting Group



Carbonyl and Imine Derivatives

G=0, 1
G=NR, 2
(1 equiv)

Conditions A

(5 (1.0-3.5 equiv.), LIOAC (0.25 equiv.)
MeCN/t-BUOH (5:1, 0.3 M)
23°C, 12-96 h, 390 nm

Conditions B

Conditions C

Aliphatic and Benzylic
) Systems _k db

6 (1.0 equiv.) ]
DCM (0.1 M), 23 °C, 48-60 h, Benzylic Systems  Ketones NO, NO, NO,
427 nm <
\. N =N
> . — NR @ |
7 (1.0 equiv.), t-BuNH, (0.1 equiv.) Amine Systems : J\ - F5C CF, Br /
PhCF; (0.1 M), 23°C, 24 h - )
390 nm Imines Br
> g 4 5 6 7
G=0(8) G=NR (9)

Conditions D

Conditions E

o) G : o
5 (1.0-2.0 equiv.), dj\ " 5 (2.0 equiv.), |
OH neat, 23 °C, 12-36 h _ DCM/t-BuOH (5:1, 0.3 M) NHR
Carboxylic Acids 390 nm (1 equiv) 23°C, 24 h, 390 nm Amides

10

Parasram, M. et. al.

1"

Org. Lett. 2023, 25,6517-6521 43



Reaction of Aromatic Nitrene

B Singlet
N N
H
X X
\

CLTL — (I XD
G L RC)
{46) (47)
S8 0y
N~ NF TR N
H H
(49) (48)

PhN, —— | N
R'R*NH /

NRIR?
(14)

H Triplet
3 — O — O
. /C'-..
Ny, NH- Il\i
(145) (146) {147)
OE‘
. PhBr @
Aryl-N; + Aryl-NO T Aryl-N=N-Aryl
155
(175)

Gallagher, P. T. et. al. Angew. Chem. Int. Ed. Engl. 1979, 18, 900-917



