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abstract
C(sp3)-H oxidative functionalization is of great importance in
modern organic chemistry because i1t 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(sp?3)-H functionalization of aniline derivatives for the syntheses of

phenanthridines.




Rt ATAE R 2O EBNBIROLNDIBRICBNWT, (EFEETITEBH» SRER
FMHEOEHW DI V" OFRBAGTERORAENLLENLTWND . x OAEEZ LR DKR,
A, K7 EOWBEME Lo Tckkae e “b0” (ABILEYW) 021X, Al»bH
EENTWD., ZOAMOERDITRILKE (ZLORE—-KBHKENLLRDIIEED) T
HY, b IFZORMMKELLMERELOEBNIEEZETERLTWVWD. ZOLEKE
EESTLEBO—2E LT, RIEAKFORKGHEOEREINZTOND. T20b, —EK
JRE D B WL EM ~EEBRL THhD, HOILEWERLILEN D D720, LERENHET
DTHD. THhuEMRRTL5FBELLT 2000 FR2UKE, EBeRBME 2 AV TEE RGN
RIRFE—IKFBMELZHEHEHERELMLTIOIMHENEALAIZITODNLTEY , ATy Pz a /) I —(H
ITE)-Thaza ) I —(HrDE)TENT-AEERPERINTHD. L2LARRDL
ZTDEL T sp2RFE - KFZREBEREMLOBRETHY, TNITH LT, sp3iR#FE - KK E
FRREMICE T 20T HREFAMNP DR V. THETICHEFERIL, sp3 RF - KFHKEE
B L2 ERBLAEWAEREOHEZIT-oTEY, @R ZEIIA L LTH
WA A R A RIEY, R T N A RIE?L BT A LAARE SRR L
TW2. HEHEOHMEZEZD, sp3 RE - AKEFEEREMICEIBIELADBDLETH DN, Z
NETOHREDIFZTLALT, 2RCBR M vHE, BREDFORAA Z L& LAV
TR, ZMBRAELTHNEREREDZLSRZVWHHILZ e 20BN RO TN D.
LSEBEEIT, BRTOBENNEFHEETBAEACKVEDLILEE 2. ST REBEIX
BREESENAET D2ODBKOBEWVWIFEEY OV, FLEFEEHRIN TV DHEREHM
MHEOBRENL, RRISETODICHBENRBRIELATOLLI VWAL, L2LRRL, 511K
MRILZZNEERCEIGHERKLS, sps RE-AKFZR-ELEHEFREELLCTCEIBILIERLES
PDETHWZRVWORBRTHD. £ THIFAIL, EERNICE T D50 F IRk FE OIE M
FberyhlicohraERLELY) EEXL. BRBICE, R—XRNIVB-E/AF 7T —ER
Frvr—EREOHEERPLELCHTIMEN Y FIRBELEHILT LI LT, &
AN T copper-oxo SR A EA L, sp3 ik #F — KEMEMEFTREMKIGENEITT 5 2 &
WWEBRBLZ., AKFRETHRBICL THMEICLsThHFRBIEZERLLT 222N TER
X, sp3 RFE - KERBEOBFREMKIENEITL, BERREIKOBMENARICRD LB X
lo. ARIGOFEBRICE > T, EHREEDESCHEEEMBOEAETK L LTEZIHFET L
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1. XFRBRBEZHAVE spP RE-KERBAEBERERMICELDZ7=2F VNI VUV ERBERE
AR TIE, 7=V VFEAERD sp3fRF - KFZRAEBERENMICLDZ 7 =T NI VU FE
MAEEEOMM % B L, 2'-benzyl-[1,1'-biphenyl]-2-amine (1a) %€ 7 /W HEE & L TH
W, KIS omfEITo7. B, 7=t v MUY UHEIE, £< 0EEKFMAE MM R
CEENLLIAMRILEMHETH LS. RO A, Cu205 mol%, TBAOH (10% in MeOH) 5
mol%, DCE (0.10 M) ##H, 80 C ICTMEANL -V EZHOTKISEITS 2 LT, 7=
TR TUK (2a) BDEGRBRNFETHLND Z LR FnoTc (R 1), HFFEBH Y A IX

TRPOBEEFNHTHAIELEEZBMELTCNEDR, BEFRMKT &L L TRIEICIEDK
TL7® (entry 17), B ORF TCEBEASALVL—VEFHWDL Z & & L

£ 1. KGR A & A

O "Cu" (x mol%) O
NH, N

base (y mol%) ‘

1,2-DCE, temp., 24 h
O, (1 atm)

1a 2a

entry “Cu” (mol%) base (mol%) temp. yield (%)!al
1 CuCl (10) DMAP (10) 60 °C 34

2 CuBr (10) DMAP (10) 60 °C 29

3 CuOAc (10) DMAP (10) 60 °C 23

4 Cu:20 (5) DMAP (10) 60 °C 37

5 CuO (10) DMAP (10) 60 °C 12

6 None (—) DMAP (10) 60 °C N.R.
7 Cuz20 (5) DMAP (10) 80 °C 47

8 Cuz0 (5) Pyridine (10) 80 °C 54

9 Cuz0 (5) 4-OMe-py (10) 80 °C 62
10 Cu:20 (5) DBU (10) 80 °C 53
11 Cu:20 (5) TBAF (10)[P!] 80 °C 55
12 Cu:20 (5) TBAOH (10)l<) 80 °C 63
13 Cuz0 (5) None (-) 80 °C N.R.
14 Cuz20 (5) TBAOH (5)l¢l 80 °C 72
1504l Cuz0 (5) TBAOH (5)[¢] 80 °C 81
16ld.el  Cuz0 (5) TBAOH (5)le! 80 °C 85(79)
171441 Cuz20 (5) TBAOH (5)!c] 80 °C 34
18ld.el  Cuz20 (5) TBAOH (5)!c] 80 °C N.R.




la Yields were determined by 1H-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.

el TBAOH (10% in MeOH) was used.

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

le]l Reaction was performed using an Oz balloon.

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

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

RICEEERNG@EHOBRT 21T (K1), 7TV E2z/FFT 200y B R LELoOEBREIZS
WTHHET 72 el s, pMICETFHRSGMHEELZF OERE TR LRINRTRISHAEST L
(2band 2¢). — 5 T, EFROIMELZFOSEETEKIGHEDE TN ALNTZLR, ZKRIED
MEFHRIXTICTORIEZT)D 2L THREONETHMORILELRGE L L (2d). F 72,
ZOMOR B R EOEHBREICOV TR ZIT o722, BRI, EFt SR
OO FRURNETTZT=F o PP UERELRT (2e— 2h).

@ Cu,0 (5 mol%) @
0,
NH, TBAOH (5 mol%) N
O, balloon
DCE (0.10 M), 80 °C, 24 h

1a-h 2a-h
O Me t-Bu l F30 O
N ‘ N N N
I ® I ® I ® I ®
2a79% 2b 77% 2¢c 78% 2d 59%°
C (L, C ®
N | N N
I ® J U 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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2. AFRBREZAVE sp’ RE-AKRBEEBERENLLCIDA VXYY Y VERBELEE
T, SR Ly FUIRMER spPRFE - KFEMEBERRELICKDIF LR Y XYY &~
oM M O B o B ¥ & B & L, M % I EFE F L L. H DT,

(2)-2,2-dimethyl-1,3-diphenylpropan-1l-one oxime (3a) # T F /L IEE & L, K& H o m




SNEITo-. B O S, Cu(OAc): 5 mol%, 4-methoxypyridine 20 mol%, DCE & #i v,
100°C, MERERX T THRIGEMT ) EENETA Y XV YU v (4a) BELLEZ (K 2).
W TAREEFHFEZH D TEEBEHGEHOBRT 2T o7, AF 2 MO E R LEDOE
itk (R, BLXWY, AF v LABMICHETINC PR EOBEBRE (R) 2oV TIEED
BAREBICZELLT, WTFNALOEEIZE N TS BRAFICKIEBEIT L7 (4b— 4c and 4e).
Fl, AF VL aMMITERTAVFAVHEZATL2EEICEALTS, GINETHMNSLIE LN
7z (4d). 612, AF TV LOBMICE - ROKRFLHAT OEHE , o AT E R oA
ESLE TP RBFICRICNEIT L ). £, ARSI T X VA% 2 A0 A a6
Tholz (4g). S 6T, TIRAXF VL E2 LB L L TAKRKEEHICHTZ LICLY, %
POTVY L MENRE TH o 72 (4h).

HoMN R Cu(OAc), (5 mol%) -0 R*
| 4-Methoxypyridine (20 mol%) %\Q\
X~p2
Q);ZX;\@\ DCE, 100 °C, 6 h R
R R 02 (1 atm) X=CorN
3a-h X=CorN 4a-h
-0 -0
N N -0
NI/O o | Ph | Ph N| Ph
Ph
v Va
MeO Br
4a 4b 4c 4d
84% 82%2 74%2 98%
-0 0 Ph N-O N-O
N (0]
| NO, )'\‘I\)Lph | Ph )\N Ph
Ph Me Ph \
Ph Me
de 4f 4g 4h
81% 70%3 ° 81%° 65%7

Isolated yields. @ Cu(OAc), (10 mol%). ? 4-Methoxypyridine (40 mol%).
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AFFRIZELY, HrRBFEL2BLELAE L CHWEZ =2 NIy, A XY T UH
RRIEZ B L Te KBS IE, S R p O BREMMEO &S WEREMILEMBEHRMBELE TH 5.
SHIAFER, Moks RERRELGWERICHICHTE2LEE 2L, JWHENEL
REMHEODDIMFETHDEVZD., 20X, EHHAEERKBICLIHTLVWKE T2 &
AEWESTH LT, RMEOREHFEL - KX MeERTRICARDS. ZHix, BFE/E
DARICBTIEXOHESNIM ECETLIHEINICRLZEEEZOND.
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