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Copper-catalysed amination of alkyl iodides

enabled by halogen-atom transfer

Bartosz Goérski'3, Anne-Laure Barthelemy®'3, James J. Douglas©?2, Fabio Julia
Daniele Leonori®'%

Effective for 1° or
activated 2° alkyl halides

Reductive Common for alkylamines
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The success of these transformations generally relies on the
ability of Cu(Il) complexes to trap carbon radicals at near
diffusion-controlled rates, ‘and then undergo facile reductive
elimination from the resplting'}ligh—valent Cu(III) species

Ereq < =2V for unactivated alkyl halide

Alkyl radicals can be accessed frem the corresponding
halides by exploiting the ability of a-aminoalkyl radicals
to trigger halogen-atom-transfer (XAT) reactions.
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Y I Cu(Cch!\I)4PF3 (10 mol%) ‘ r|\| EtO,C CO,Et
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1 2
(1.0 equiv.) (1.5 equiv.) 3 4 5
Entry Variations Yield (%) Entry Variations Yield (%) Entry Variations Yield (%)
1 None 74 5 No BTMG - 9 (Me3Si);SiH instead of ("Bu)aN 20
2 No [Cu(MeCN),]PFg - 6 EtsN instead of ("Bu)sN 68 10 Reaction on 20 mmol 59
3 No cumOOTMS - 7 DABCO instead of ("Bu);N - 11 Additive = 4 (5.0 equiv.) -
4 No ("Bu)zN - 8 T=0 °Cinstead of r.t. 70 12 Additive = 5 (5.0 equiv.) -
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Aminoalkyl radicals as halogen-atom transfer agents .
for activation of alkyl and aryl halides

Timothée Constantin’, Margherita Zanini', Alessio Regni', Nadeem S. Sheikh?,
Fabio Julia'*, Daniele Leonori'*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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XAT with a-aminoalkyl radicals
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B conditions for a-aminoalkyl radical generation

HSCH,CO,Me (20 mol%) . 5 =
‘j, I _— conditions O,H photoredox catalysis  triplet benzophenone S04 t-BuO-
+ 3 L
BOC’N CH3;CN-H,0 (10:1) Boc’N 4CzIPN (5 mol%) Ph,C=0 (1.0 equiv.) K;S,05 (2.0 equiv.) (t-BuQ), (16 equiv.)
3 ia 4 blue LEDs, rt.,4 h UV-ALEDs, rt.,2h 70°C,2h UV-A LEDs, rt.,, 16 h

0, 0, 0, 0,
(1.0 equiv.) (3.0 equiv.) 98% 70% 40% 67%
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4CzIPN (5 mol%)

X RsN (2.0 equiv.) EWG
+ Z EWG >
CH3CN-H,0 (10:1) (0.1 M), r.t., 16 h

alkyl & aryl halide (2.0 equiv.) blue LEDs
(1.0 equiv.)

EWG X=1* X=Brt

13: CN 93%  70%

,—_-I/\/EWG 14: CO,Me 90% 56%

N 15: CO,H  63% 40%
Boc 16: C(O)NH, 80% 61%

17 C(O)Me 73% 50%
18: P(O)(OEt), 88% 53%

B Br . Br
Et Bn Boc’N Boc” Boc"N Boc”
/\ & > o ¢ - . .
Me” "N Ph” "N me” N-E! s PN

Et . Bn .

Et Bn = X CN b CN
1a 1b NN — New NN -
= "CN Me N,Et = "CN Ph N,Bn
fast ét slow én
Vi-a Vi-b

alkyl iodides  alkyl bromides @ ... T e S S S B S S



X 4CzIPN (5 mol%), R3N (3.0 equiv.) =
+ ,//\/C' -
DMSO (0.1 M), r.t.,, 16 h
; . blue LEDs
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Merging Halogen-Atom Transfer (XAT) and Cobalt éatalysis to
Override E2-Selectivity in the Elimination of Alkyl Halides: A Mild
Route toward contra-Thermodynamic Olefins

Huaibo Zhao," Alastair J. McMillan,” Timothée Constantin, Rory C. Mykura, Fabio Julia,
and Daniele Leonori*
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homolytic activation

(B) 4CzIPN (2 mol%), [Col-1 (5 mol%)

Br  i-Pr,NEt (20 mol%), K2CO5 (1.0 equiv.) @
-
,O CH4CN (0.1 M), 16 h, r.. N
Ts
1 blue LEDs 2
entry deviation from the standard conditions yield (%) | -
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- no K,CO 12 [Me” N7 NTMe
Base is needed 2v3 O<y---0
2.0 equiv. i-Pr;NEt, no K,CO3 quant. Cl
DABCO instead of i-Pr,NEt 3 Co(dmgH),PyCl, Co-1
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Scheme 4. (A) Proposed HAT-Based Approach to Control the Desaturation Selectivity by Exploiting Polar and Steric Effects

and (B) Substrate Scope and Selectivity Using Unsymmetrical Alkyl Halides and Different Cobaloximes
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[Co(IH) —alkyl species (F) have weak sp3 C—Co bonds (BDE < 30 kcal/mol)that, upon blue light
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Visible-Light-Mediated Synthesis of Amidyl Radicals: Transition-
Metal-Free Hydroamination and N-Arylation Reactions

Jacob Davies, " Thomas D. Svejstrup,t§ Daniel Fernandez Reina,” Nadeem S. Sheikh,”
and Daniele Leonori*’’

B) This work:
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Scheme 2. Proposed Photoredox Cycle for the
Hydroamination—Cyclization Reaction

Scheme S. Photoredox N-Arylation Reaction
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Photoinduced Remote Functionalisations by Iminyl Radical Promoted
C—C and C—H Bond Cleavage Cascades

Elizabeth M. Dauncey”, Sara P. Morcillo*, James J. Douglas, Nadeem S. Sheikh, and
Daniele Leonori*
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upon SET reduction and fragmentation of precursor A, the
iminyl radical B should undergo a fast f-fission generating the
6-CN radical C(nucleophilic)

Owing to its electrophilic nature, a final SET oxidation will be

highly endergonic, thus thwarting the development of a redox-
neutral process



[A) Optimisation of the photoinduced cascade ring opening—fluorination

.OR F-Y (2.0 equiv.)
N 2 (5 mol%), base (1.0 equiv.)

solvent (0.2 M), time, r.t.
blue LEDs 3a

o NOR
Me TN:R=Ts
© 10:R=Boc °.
R” .
— 30,64%

A) y-Functionalisations of ketones via cascade reaction of iminyl radicals

Me
CO.
challenging transformation Meﬁ/ H r\ H
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i i Coe i, X '@
1 T Rt 1
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B) Development of y-chlorination and y-fluorination and scope of the two processes
_OR NCS (4 equiv.) ' selectfluor (2.0 equiv.)
N 2 (5 mol%), Cs,CO5 (1.0 equiv.) NCI : OR 2 (5 mol%), Cs,CO; (1.0 equiv.)
Me Me | N Ag catalyst (25 mol%)
Ph toluene, rt., 45 min Ph : Me
6a Me blue LEDs 7aCl” Me : Ph CH3CN-H,0, rt., 15 min Ph
69% A 6a Me blue LEDs
NCI
x Me
Cl Me
0,0 \_o Cl' Me
7i, 36%

7e, 66%

Entry F=Y Base Solvent Time Yield (%)
1 NFSI Cs,CO; CH3CN 1h -

2 selectfluor Cs,CO3 CH4CN 1h 13

3  selectfluor Cs,CO3 CH3CN-H,O (1:1) 1h 67
4  selectfluor K,CO;

CHiCN-H,0 (1:1) 15min 84
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Photoredox Imino Functionalizations of Olefins
Jacob Davies, Nadeem S. Sheikh, and Daniele Leonori*

B) Aim of the work: Divergent assembly of poly-functionalized nitrogen heterocycles
R2

R! X ® highly valuable imine motif jl\ m divergent platform for

g W easy to modify R” "R! imino-funcionalization
. | difficult to construct iminyl radical ™ nitrogen-radical cascade
C) Polar effects in radical cascade reactions of nitrogen-radicals o a ! X '

R1 —5 . .. %
+d ’
N-\ R2 5-exo- tng 1:-6 -8
wa i
A SOMOphile electrophilic
electrophilic nucleophmc

This divergent strategy features the oxidative generation of
iminyl radicals and subsequent cyclization/radical trapping



D) Mechanistic analysis for reductive and oxidative photoredox cycles (PC = photocatalyst)

difficult SET @ e} easy SET

¢ - Y Y % 4
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R R R R R R
Ar= 2,4-(N02)2-C6H3 A
A generated by SET reduction A generated by SET oxidation

A) Substrate design for oxidative generation of iminyl radiclas
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B iminoiodination
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Visible-Light-Mediated 5-exo-dig Cyclizations of Amidyl Radicals

Daniel Fernandez Reina,'? Elizabeth M. Dauncey,'? Sara P. Morcillo,?

Thomas D. Svejstrup,? Mihai V. Popescu,? James J. Douglas,’®! Nadeem S. Sheikh,*€! and
Daniele Leonori*!@
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A) Proposed photoredox mechanism
_H-© .
VaAA T s
2] ,
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NO, NO, Faroiiis This is particularly evidentewhen alkyl and acyl substituents are
@ Q ’ present at the N atom, as they increase the electrophilic
< [ i character of the NCR. Furthermore, as radical 5-exo-dig
N R-ﬁ\’ — fragmentation- l:{'N' . . ® . . h 04
5 « A\/\ \ . 5 cyclizations are slowerthan §,—exo—t_r1g cyclizations, this could
A TN RN, e result in significant quantify of lmproductive H-atom abstraction.
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A) Screening of reaction conditions

PC (2 mol-%)

Me. N ANSE 1,4-CHD (2.0 equiv.), base (2.0 equiv.) Me.N
o
OJ\/\\\ solvent (0.1 M), r.t. 0]
1a visible light (30 W) 2a
Ar = 24-(NO,),-CgH;
Entry PC Base Solvent (M) Yield (%)
1 EY KoCO4 acetone (0.1) 43%
2lal EY K,CO4 acetone (0.1) traces
3 - K>CO4 acetone (0.1) 41%
4 - K,CO, acetone (0.05) 63%
5 - Cs,CO4 acetone (0.1) 52%
6 - Et;N acetone (0.1) 25%
T - KoCO; CH3CN (0.1) 44%
8 - K,CO4 DMSO (0.1) 56%
9 - KoCO4 toluene (0.1) 56%
10 - K2CO3 CHCI5 (0.1) 8%

[a] The reaction was run in the dark.



B) Concentration studies

K,COs (2.0 equiv.)
Me.  -OAr 1,4-CHD (2.0 equiv.)  "e°N Me<\H
)\/\ > ' A/\
0] N acetone, r.t. (@) (@) N
1a > visible light (30 W) - -
Ar = 2,4-(NO,),-CeHs
2.5 -
[M] 2a:3a
,] @ 05  0.44:1
025 0.75:1
0.1 1.22:4
15 - 005 2051
™
S o
™ 1 -
o
0.5 - o)
0 T T T T T )
0 0.1 0.2 0.3 0.4 0.5 0.6

[concentration] (M)



A) Scope evaluation

,OAr K,CO4 (2.0 equiv.) R.
4\ CHD (2.0 equiv.) N
:
X’\ acetone (0.05 M), r.t. 0 A
visible light (30 W) 2a-g
polise "“ﬁfﬁ *ﬁ
o} o
2a 29 Me
63% 6% traces 39% 90%
Me‘ Me‘ [M] Zg . 39 Me,
N N N y
- s 025 0.25:1 PWa
o ik | o 0.1  042:1 070
2t Me Me 29 005 0751 2h
quant 41% 0.01 201:1 16%

.................................................................................

B) Proposed mechanism for unsuccesful reaction with 1¢

J\/\ 5 —® HH 15Hab — -
) X -exo-rig o ,5 H abstraction

Cc Dc H

Scheme 4. Scope of the 5-exo-dig hydroamination via amidyl radicals.



Visible-Light-Mediated Reactions of Electrophilic Radicals with Vinyl
and Allyl Trifluoroborates

Daniel Fernandez Re;na, "I Alessandro Ruffom, I Yasair S. S. Al- Falyz, James J. Douglas,
Nadeem S. Shelkh * and Daniele Leonori*

ewe. R m sp3-sp? radical coupling
R BF 3K eosin Y R W also applied to allyl-BF;
EWG 1+ 4
\f-R R > R4 M 34 examples
RZN visible light RZTN
Br g ® modification of biomolecules

3
R R_3 B DT abdlas
m|m Uri swudies

via polarised radical addition

BF ;K

oI5 OR /> BFK
R_.C/(Ig —> R@\). v | R—o5+ Cﬁ’ — > AR

known reactivity this work



EtO,C. . CO,EL
DEIK Et0,C CO,Et EY (1 mol%), base : £
%’Me 23 : . Me

Me X MeOH (0.1 M), rt
1 Savc visible light 3a Me
(1.0 equiv.) (1.0 equiv.)
Entry X Base (equiv.) Light Source Yield (%)
1 Br EtN(i-Pr); (1.0) green LEDs 81
2 Br - green LEDs traces
3 Br EtN(i-Pr), (1.0) green LEDs -
4 Br EtN(i-Pr); (1.0) - -
5 Br EtN(i-Pr), (0.2) green LEDs 24
6 Br K2CO3 (1.0) green LEDs 37
7 | EtN(/-Pr); (1.0) green LEDs 67
8 Cl EtN(i-Pr); (1.0) green LEDs 6 = teeeeeeeeseeessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss=as
B) Proposed mechanism . R
NR EWG
¢ o 9 R1 -~
= EY \
o -BF;
R2
.s v
NR; EWG g
EY EY™ iRz
KF;B -

R o+ BF 3K |

Br R1 R1 Rz




Synthesis of Arylamines via Aminium Radicals
Thomas D. Svejstrup, Alessandro Ruffoni, Fabio Julia, Valentin M. Aubert, and

Daniele Leonori*

pi"otoi.lated electron-poor O-aryl hydroxylamines give aminium radicals in the presence
of Ru(bpy);Cl,. These highly electrophilic species undergo polarized radical addition to
aromatic compounds in high yield and selectivity.

B) Aminyl vs aminium radicals and their reactions with aromatics

Aminyl radicals

(7@

*  difficult

Aminium radicals by the intrinsic nucleophilic nature of aminyls, which causes

i repulsive interactions between their lone pair and the aromatic ring
_— g\\/

+
N
1

H

easy

C) This work: Photoinduced synthesis of arylamines — Umpolung Strategy

N-OAr + S “ —_—

easy-to-make

unfunctionalized

room temperature
15 min

o
)

52 examples
late-stage amination



A) Possible strategies for aminium radical generation and N-arylation .
Path a: SET first

<as>f“"'*‘39‘“\<ai9 ©-%
N\ 9

H OAr D
| 3 — 67 R L . e B B S g S
Path b: protonation first B) Optimisation of the process using 1a

Ru(bpy)sCl5 (2 mol%)

O ©\ Bronsted acid N
N * "‘ *
. tBu  CHsCN (0.1 M), rt O\
OR biue LEDs N

1a 2 then KOH(aq) 3a

Entry Bronsted acid equiv. pKa(H;0) time Yield (%)

1 - - - 24 h -
2 AcOH 2.0 4.7 24 h -
3 TFA 2.0 0.2 24 h -
4 pTsOH 2.0 2.8 24 h 19
5 HCIO, 2.0 -10 15 min 61
6 HCIO,4 0.2 -10 15 min 9
72 HCIO,4 2.0 -10 1h 51
2 the reaction was run in the dark
® (J
= @ O
OR

unsuccesful



C) Proposed productive pathways leading to the formation of products

o (a1)
= Ru( \(
]

SET
photoredox | — 5

*Ru™ cycle Ru
Q — H* @ ASET/

. B on / \ E propagation H'N

OAr ¥

1 1a-H* electron @
a RuM™ relay Ru(

\cycle \ / 5
SET / \

radical chain | ®

»x-z+ >

3-H* 1a-H*
- ®
/AN N
. ‘ Me
ON ‘ Oq o lN Me Me Me
O
O \/\)(cozrwe
from dextromethorphan
30, 90% OMe - from gemfibrozil methyl ester  sedative and anti-cough
3z, 50% lipid lowering drug

0,
3as, 43% s



Reaction of Nitrogen-Radicals with Organometallics Under Ni-
Catalysis: N-Arylations and Amino-Functionalization Cascades

Lucrezia Angelini’, Jacob Davies®, Marco Simonetti, Laia Malet Sanz, Nadeem S. Sheikh, and
Daniele Leonori*

a strategy for the generation of nitrogen-radicals by ground-state
single electron transfer, with organyl-Ni(I)species

- C) Generation of N-radicals via SET reduction of N-OAr electrophores

NO, NO,
. * iminyl!
0 ; +e 'Tl ; Ar - « amidy!

invl
oMo No: —SET— NN or 0 E> o< 8



A) Proposed Ni-catalysed amination of organometallics

0 Ar=im]
[Nl] X
7/ M}-X
(i) @ 0
[N:] A O’ O [Nl]—Ar ALY
L ss'r o ’
[‘r:’.] A o' o) Cs,COswas critical, likely by easing the transmetalation of the
Ar = 2,4-(NO,),-CeHs A,O- boronic acid at the Ni(I)center . | -

+ B) Optimization of the amination of organometallics via aminyl radicals

[Ni], ligand, additive
< N-OAr + Ph-{M] - N-Ph
solvent (0.1 M), T

1 2

Entry M] [Ni] (mol%) Ligand (mol%) Additive Solvent T (°C) Yield (%)

1 ZnPh  NiCly*6H,0 (5) - - THF rt -
; 2 ZnPh  NiCl,*6H,0 (5) dtbpy (5) - THF-DMF 99
; 3 B(OH;) NiCl,*6H,0 (5) dtbpy (5) - THF-DMF 75 -
: 4 B(OHy) NiClyglyme (5)  dtbpy (5) Cs,CO;  MTBE 75 90
; 5  Si(OEt); NiCleglyme (5)  dtbpy (5) = DMSO 50 =
: 6  Si(OEt); NiCleglyme (5)  dtbpy (5) TBAT DMSO 50 86




A) Proposed mechanism for cyclization-arylation cascades with amidyl radicals + B) Screaning of phenyl-organometallics

Q 2 ol Ph
N INi]=X : 7 [Ni], additive
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g NS i T . L [Ni]—Ar : 28
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o
o P o '\ Entry [M] [Ni] (mol%) Additive Solvent T (°C) Yield (%)
) Ly ¥ /SET/Q o ; 1 ZnPh NiBrpedtbpy (200 -  THF-DMF 1t 76
[”il‘ATI / OJ\/\/ 2 B(OH,) NiCIj_-dtbpy (20) Cs,CO; MTBE 75 83
R D P . i 3 Si(OEt;) NiClydtopy(20) TBAT DMSO 50 45
Ph :
R eld (%
R. X R yield (%) Boc‘ _OAr o 1 T 73(")
N : .
46: CH, Me 73 54: OMe 61
o}"x 47: CH, CH,CH,Ph 76 . & 7
el Cy i 5: CN 73

51: S Me 48



A dual photoredox-nickel strategy for remote

functionalization via iminyl radicals: radical ring- .
opening-arylation, -vinylation and -alkylation il
cascadesT e
Elizabeth M. Dauncey, (&) 2 Shashikant U. Dighe, {2/ $* James J. Douglas (2/°
and Daniele Leonori2)*@
T e e et o *7 e
i Nc/‘tjngm ° ’ ‘
0\N PC, hv o= @
e e O et e AN
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NC/\("%Ar
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A (m

hv "
f i \ [Ni]-Br Ar-[Ni]—Br
/ %
PC SET e~ E )
'Ozc\(f;le \ / \ )

—oET pC- [Ni] Ar=[Ni]—Br

O‘N V ﬁ.—” D

>

. Ar-Br
m {% -~ Nc’\;’j\) 7

Me
HO.C PC (5 mol%
B base ((2.0 equi)v.)
O. Br  [Ni] (10 mol%)
: \N/© dtbbpy (10 mol%)  NC
& + Me :
solvent (0.1M), r.t.
1 (o] 2 blue LEDs 3
(1.5 equiv.) (1.0 equiv.)
Entry PC [Ni] Base Solvent Yield (%)
1 PC1 NiCly*glyme Ko,CO3 DME 15
2 PC2 NiCl+glyme K2CO4 DME -
3 PC3 NiCly+glyme K,CO3 DME 24
4 PC4 NiClz+glyme K2CO3 DME 41
5 PC4 NiClz+glyme Cs,CO3 DME 35
6 PC4 NiClo+glyme K;HPO4 DME -
7 PC4 NiCl,+glyme DBU DME 38
8 PC4 NiCly+glyme ™G DME 55
9 PC4 NiBroeglyme ™G DME 39
10 PC4 Ni(acac), ™G DME -
1 PC4 Ni(OAc)2*4H,0 ™G DME 12
12 PC4 NiClz+glyme T™MG acetone 41
13 PC4 NiCly+glyme ™G DMF 23
14 PC4 NiClz+glyme ™G EtOAc 61
15 - NiCl+glyme ™G EtOAc -
16 PC4 - ™G EtOAc -
17 PC4 NiClz*glyme - EtOAc -
182 PC4 NiCl,+glyme ™G EtOAc -

2 The reaction was run in the dark

PC1: (Ir{dF (CF 2)ppy]2(dtbpy)(PFg) PC3: 4CzIPN
PC2: MesAcr(CIO,) PC4: [Ir(dtbbpy)(ppy)2]PFg



PC4 (5 mol%) M NC
RO\ NiCl *glyme (10 mol%) | g A1 - OB M
TMG (2.0 equiv.), dtbbpy (10 mol%) Ph _N N L .
+ Ar—Br
NC 7 Ar o
n

EtOAc (0.1 M), r.t., 16 h 4 O 16 20 23
blue LEDs 73% 47% 75% » 20%
0 Me
RO. N PC3 (5 mol%), NiCl *dtbbpy (10 mol%) N NC
Cs,C04 (0.5 equiv.), H,0 (20 equiv.)
+ =0 - 40
é‘o CH4CN, rt., 60 h LR £ 32 LA NT ss%
" blue LEDs 49% Boc

48 49

CHaCN, rt, 2h
blue LEDs 6% 5% %

RO, PC1 (5 mol%), Cs,CO3 (2.0 equiv.)
i 5 NiCl,+dtbbpy (10 mol%) & _~_Ph @ _~_ COEt e~ ~L_CN
{}-o R »Ne” \”2\,0 50
n



Photoinduced decarboxylative azidation of cyclic
amino acidsf

David C. Marcote,® Rosie Street-Jeakings,® Elizabeth Dauncey, @ °

James J. Douglas, (22° Alessandro Ruffoni (2 *@ and Daniele Leonori {2 *2

l|30c ?oc
1 commercially available o N N
SOMOphiles for radical azidation [ 1 [ l [ l N.
PC . NN, NN, NN, NN, Boc
h 0O i-Pr ] | 1 1
v 0 Boc Boc Boc Cbz N3
SET ’O i-Pr IS“,—N 3 7 8 9 10 1"
\\ |\ ('.3 86%? 76% 85% 59% 70%
1 N3 2 =
" - ‘ D E
PC PC &
1l
N O
SET g © Extension of this methodology to non-cyclic amino acids is
/ - 002\ N3=Y a current limitation of the protocol and despite extensive re-
(32) i \/ - (323 optimization of the process we did not manage to achieve the
CO; a N3 decarboxylative azidation of, for example, protected phenyl-
A B c

alanine



Photoinduced Remote Functionalization of Amides and Amines Using
Electrophilic Nitrogen Radicals

Sara P. Morcillo®, Elizabeth M. Dauncey*, Ji Hye Kim, James J. Douglas, Nadeem S. Sheikh, and
Daniele Leonori*

The process is based on the oxidative generation of electrophilic amidyl
radicals and their subsequent transposition by 1,5-H-atom transfer, resulting
in remote fluorination, chlorination and, for the first tlme thioetherification,
cyanation, and alkynylation.

C) This work: remote functionalizations of amides and amines

- R -~ -~
R.T\ 0 R NH R NH .
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XY A x e Ny
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y#functionalization &functionalization

« 5 different functionalizations -+ amenable to tertiary, secondary and primary centres



B) Proposed mechanism YO R I
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COZH Me Me
MeJr photocatalyst (5 mol%) . @-F “NH NN
R. .O K2COj3 or Cs,CO3 (1.0 equiv.) NH O-cl J\/\ege /\;)(Me
N + X-Y > Ai.Fv @-sPh o) 5 Me 070 5 Me
OJ"X’WR1 b r.lt..ED o xre |@CN
R2 e s @ =—rn 22 23
1a-z, 1aa-ae 4-71 71% 59%
R' R2 Yield (%)
R. o R R' R? Yield (%)
NH 16: Cbz Me Me 72 “NH
R1 17: Boc Me Me 68 WR1 8: Me Me Me 80
FRz 18 Ts Me Me 61 O ? 34: Me Me H 65
19: Boc Me H 85 R \ 35: Me Ph H -
16-21 20: Boc Ph H 68 8, 34-37 36: Bn Me Me 30
21: Boc H H 30 Ph 37 H Me Me 28
R R' R? Yield (%) PR ,
RnH RNH R R R" Yield(%) R-NH R R' RZ Yield (%)
R 5 Me Me Me 75 R ' ww
OJ\/\W , 25 Me Me H 42 0 , 269 x: m: h:'e ;; 0 , T: Me Me Me a7
Cl R 26: Me Ph H - PhS R . NC R®  32: Me Me H 37
5, 25-28 27: Me H H 11 6, 29-31 g‘:f m: F:‘ : ?3 7,32, 33 33: Me Ph H -
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Practical and regioselective amination of arenes
using alkyl amines

Alessandro Ruffoni'?, Fabio Julia®'?, Thomas D. Svejstrup ©@?, Alastair J. McMillan®],
James J. Douglas? and Daniele Leonori©™

a
Nitration NOz 1. Reduction
2. Functionalization \
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‘PC pc™ |
NCS \ SET / F 1
AT I ) (1.0 equiv.)
QN’O A * e O"’@—H Radical reactivity J
CI2I H,N\Cl er o d This work
B

Aminium radical

c .
E
Ci Q.
L—> +

Polar reactivity: D
Established

Q

» T-Z

HClO,as the optimum acid and CH3CN or HFIP as the solvent
of choice depending on the electron density of the arene partner,
CH;CN for highly électron-rich aromatics and HFIP for weakly
electron-rich ones.

NCS (1.0 equiv.)
Ru(bpy),Cl, (5 mol%)
Solvent (0.1 M), r.t., 30 min

R

2:R=t+Bu
3: R=0OMe
(2.0 equiv.)

Then acid (4.0 equiv.), 1 h

Blue LEDs
Then basic work-up

ol

N
versus
R
R
4:R = t-Bu 4" R=tBu
5. R=0Me 5" R =0OMe

Amination Chlorination

Amination Chlorination

Entry Acid Solvent | 4 (%) (p:m) 4' (%) 5 (%) (p:0) 5' (%)
1 AcOH CH;CN - - - -
2 TFA  CHzCN - - - 17
3 pTsOH CH3CN - - - 90
4 HCIO; CH3CN 71 (3:1) - 94 (3:2) -
5 HCIO; HFIP 98 (7:1) - - 79
6 TFA  HFIP 88 (10:1) - - 55




A photochemical dehydrogenative strategy

for aniline synthesis

Shashikant U. Dighe', Fabio Julid', Alberto Luridiana’, James J. Douglas® & Daniele Leonori'*
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Cross-coupling approach
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This work: desaturative approach
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