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C(sp3)-H oxidative functionalization is of great importance in modern
organic chemistry because it enables straightforward transformation of organic compounds. Most of
existing methods require the use of stoichiometric amount of oxidants such as hypervalent iodines
and peroxides. From economical and environmental aspects, molecular oxygen is considered to be an
ideal oxidant because of its low cost and the generation of water as a by-product. In this study, we

developed copper-catalyzed aerobic C(sp3)-H functionalization of aniline derivatives for the
syntheses of phenanthridines.
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1. WFFEBRAE Y W DT 5

Pt ATRE /R A2 O EBIN IR KO LA BRITRB W T, HEONE Tk, NEORRBIC% 5
L e BT, EEINORERHAMED SWEERLGRIEDORBENRLEN TN D.

EZATHEBRILEWIT, TORCEENDI~T B R TR EERNY V8T G728 EOEN T
ERFBREBEEKT D 2 & THRENH LT 25720, Z< OERDOERFTKICA LN LD EE
7% privileged structure TH 2. ZDORWRWLRERIEL LT, BBEBAMBEZ o RFE—IKFERE
& (C-H f8) OBEREBKISHZET oD, KAFEX ~Na UV EOEREDEANELE L
LigWew, 7 haxza )/ I— (RI%E) - A7y 7oa/I— (ELRE) ELTEY, '
B F AW Z ATREICT 5. ZHETIE, Csp)—H MAERBIICETIMENEL 25D
TWEA, BUETIE Csp’)—H MEABRELICL 2ERRTHRBRELRESNDICE->TH
5. HWFEE S IV E TICHAREE SR b &2 Wi Clspd)—H MEEEREEICL A1 VA U R
Vv, RUVT7 MR B-TF7 X2 LEEOBEICKEII L TW5 (Org. Lett. 2015, 17, 4479;
Asian J. Org. Chem. 2019, 8, 1083; Chem. Eur. J. 2020, 26, 4496). L/>L72n 5, HiEEOH
HED, TRETO Csp’)—H MAEREUICET2MEDIZ LA EITEBECBIE 7T v 5,
WL E ORI Z b r Bl EHWTER Y, ZliZildE s V72 BEREY 4 1 S 22
BT o ZADOBFERRD LN TND.

2. WHEOHK

AHFFETIX, 2 FIRIEEZEEAlE L CHWE Clpd) —H fEABERERLIC L - T, 2
OBREERFIMEI BN TR R EASEE LR T 2 2 L2 AL T 5. o PIRBRIT, REHES
BIAET 200RKOIEN I FEFY OV X, FFEER SN TV DBREEFHFEOBLSI D,
AEIEEAT ) OIZHBNRBIERI TH D E V2D, L LR, o PIREEBRIZZ AR TIIX
JEPEAME S, Clspd)—H fBEZEREETE 22BN AR OLEDLE TV RVONBIRTHS. £
ZCHIFEEIX, EERNICBT D0 FIRBREOTEEbEEL L o NI EER L LD BT
BAREIZIE, F—RI U B/ 4F T —BF s F—¥AR Loz e&Ehos LTHET
LR TIRBEFE 2 1ML 35 2 & T, /RN T copper-oxo $&&% kL, Clsp®)—H 55
BB RERL RS ENHEITT 5 Z LICEH Lz, ABFZE TS RIS L TS X - Tk

AREICR D EE LT,

3. WD L

SfIREER bR & LTz Clspd)—H FEERMMUICED 7 =F v MY O U BEGIE DR
FaREL, 7=V UoFRREE L LRSS ROE L (BARSE, MR, i, RE, IR,
BOSKF#Z2 &) ZAT o7z, fieW T, fiifl U7e Stk VT, 56l 72 H B 0 i DH (2 D TR
ZAToTZ.

4. BFFCAE

WHIZ, 2-benzyl-[1,1'-biphenyl]-2-amine (1a) #E7 LVHE & L TH, KISERGOBKRTHE
To7z. BitofER, Cu0 5 mol%, TBAOH (10% in MeOH) 5 mol%, DCE (0.10 M) &/,
80 C IZTHHE N NL—EHWTIEEITIZET, 7o v MU YUK (2a) BNEEFZRICET



BoHhb 2 L0y o 7= (Table 1, entry 16).

Table 1. )&

O "Cu" (x mol%) O N

NH, base (y mol%) !
1,2-DCE, temp., 24 h
T g 7 )
1a 2a

entry “Cu” (mol%)  base (mol%) temp. yield (%)t
1 CuCl (10) DMAP (10) 60 °C 34
2 CuBr (10) DMAP (10) 60 °C 29
3 CuOAc (100 DMAP (10) 60 °C 23
4 Cu20 (5) DMAP (10) 60°C 37
5 CuO (10 DMAP (10) 60 °C 12
6 None (-) DMAP (10) 60 °C N.R.
7 Cuz0 (5) DMAP (10) 80 °C 47
8 Cuz0 (5) Pyridine (100  80°C 54
9 Cuz0 (5) 4-OMe-py (10) 80°C 62
10 Cu20 (5) DBU (10) 80°C 53
11 Cu20 (5) TBAF (10)1! 80°C 55
12 Cu20 (5) TBAOH (10))  80°C 63
13 Cuz0 (5) None (-) 80°C  N.R.
14 Cuz0 (5) TBAOH (5)I¢! 80 °C 72
150d Cuz0 (5) TBAOH (5)I¢! 80°C 81
16lde  Cuz0 (5) TBAOH (5)I¢! 80°C  85(79)
17148 Cuz0 (5) TBAOH (5)I¢! 80°C 34
18ldel  Cuz0 (5) TBAOH (5)I¢] 80°C  N.R.

lal  Yields were determined by !H-NMR using 1,1,2-
trichloroethane as the internal standard. Isolated yield is shown
in parentheses.

bl TBAF (1.0 M in THF) was used.

[l TBAOH (10% in MeOH) was used.

ldl Reaction was performed in 1,2-DCE (0.10 M).

[l Reaction was performed using an Oz balloon.

fl Reaction was performed under air atmosphere (1 atm).

lel Reaction was performed under N2 atmosphere (1 atm).

WA HE i A #PH OMat 21T - 72 (Schemel). 73/ EaH T 5B Ui EOBE#HIELICS
WTHRHZITo7oE 2 A, p MICE T GHEZ RSB X RAF R DR CROEDHEIT L7 (2b
and 2¢). — 5T, BERIMMEIEZFFOLE TIIEMEDIR TR A bR, “RIEDOREFEIRH
[AFICTHIGESTHY 2 & THREEDOIETHMOBRILANE SN Qd). £72, Tofo~r
BUBR EOBBILIZOWTREF AT o 7203, BRI, EILGMEEICED &3 REAF 2R
T7=Fr M) PUERELNTE (2e—2h).



Scheme 1. EE A &EEE ORET
@ Cu,0 (5 mol%) @
NH, TBAOH (5 mol%) |N
O, balloon
@ @ DCE (0.10 M), 80 °C, 24 h @ @

1a-h 2a-h
O Me t-Bu F30 O
N l N l N N
I ® I ® I ® I ®
2a79% 2b 77% 2¢c 78% 2d 59%°
C (L, C ®
N | N N
I ® J T I ® I ®
Me CFs OMe Cl
2e 75% 2f 79% 29 79% 2h 73%

Isolated yields. @ The reaction was cunducted under O, (2 atm).
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