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Oxidative Cross Coupling of sp®>-C—H Bonds Catalyzed by
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Abstract Activation of two sp’~C—H bonds and oxidative alkylation of sp>~C—H bond adjacent to a nitrogen atom of terti-
ary amine were catalyzed by BuyNAuCl, with H,0, as oxidant under mild reaction conditions. The safe, convenient, and en-
vironmentally benign process, as well as the broad substrate scope, low catalyst loading, high selectivity, short reaction time,

and good yields make the protocol very practical.
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IR B —Z PRk L T 1A B AR 2), HUAS T Ol
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Figure 2 Oxidative cross coupling of sp’-C—H bonds cata-
lyzed by BuyNAuCl, with H,0O, as oxidant

1 ZR5WE

AL N-ZRIE PSSk (1a) 2K H e (2a) 70 %
N R NAE AR AT RN A5 R (B 3). RO
%N o 1 mmol N-ZRHEPU S kR, 0.02 mL H,O0, %,
Fih. A 10 mol% i fb 5 1¥ S A A AT )R
WF 1 hFr7R, LA AuCIPPhy A HEALF, WA P 4k il
F). 435LL 10 mol% HAuCl,, NaAuCl,, KAuCl,, BuyN-
AuCly AT, #A =4 R, FeH L BuyNAuC, 1)
FER . Ei NV 8 h, £33 82%[E K. T LA
TEFE BuNAuCL 7E R BATT N AL ). Fedl TR AL

FURIE M 10 mol% %3] 5 mol%, XP=ZEEmA K. %t
SN FEAT T 0, &5 RR W B DU E R
B, Fe R G,
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Figure 3 Optimization of the oxidative C—C coupling reaction
of amines with nitromethane
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Table 1 Optimization of the oxidative C—C coupling reaction
of N-phenyl tetrahydroisoquinoline (1a) with nitromethane

EEIbR (1a) 5 M 3E I BE ) C—C BEIEAL IS

Entry Catalyst (mol%) Solvent #h  Yield"/%
1 HAuCl, (10) CH;,CN 8 30
2 BuyNAuCly (10) CH;CN 8 82
3 KAuCl, (10) CH;CN 8 65
4 NaAuCly (10) CH;,CN 8 69
5 AuCIPPh; (10) CH;CN 8 Trace
6 — CH;CN 8 0
7 BuyNAuCly (8) MeNO, 5 90
8 BuyNAuCly (5) MeNO, 5 90
9° BuyNAuCly (5) MeNO, 5 0

© 2012 Chinese Chemical Society & SIOC, CAS
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Figure 4 The proposed reaction mechanism for BuyNAuCly-
catalyzed oxidative alkylation of tertiary amines with H,O,
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Table 2 Gold-catalyzed oxidative alkylation of tertiary amines
Entry Compd. 1 Product 3 Yield/%
1 ©©\l ~CeHs (I E ~CqHs 90
1a
3a NO,
2 @3\1 N~ 92
~CgH4OMe-p CeHsOMe-p
1b
3p NO2
3 @Q“ N\c H,OM 89
CGH4OM6-O 6l 14 e-0
1c NO
3c 2
4 @Q“ N~ CgHaM 90
“CgHyqMe-p sH4Me-p
1d
3q NO2
5 @Qv\ N< 93
CgH4Cl-p “CgHyCl-p
1e
3¢ NO
6 “CgH,Br-p “CgHyBr-p 91
1§
@@ : £ ~CgH
7 \C6H5 6Hs 85
1a Me” “NO,
3g
N
8 C6H4C|-p CeH4C|-p 87
1e Me” “NO,
3h
9 @@ N~ ~C+H,B 83
T CgH4Br-p 6H4Br-p
1f
Me 3, "NO,
10 @@ NCgHici 87
“CgH4Cl-p eraP
1e
Et 3 NO,
11 @3“ N\c H,4Br- 89
“CgH4Br-p 6r145rp
1f
Et 5, NO2
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Hek
Entry Compd. 1 t/h Product 3 Yield/%
/s /
O Oril_ye
12 N 5 / Trace
19 3l

@I V46 5 mol% BusNAuCly, 0.1 mmol N-75 3 DU EME, 1.0 mL SRS, 0.02 mL Ho0, VAW, 25 b 4 B9 e 2.

Mannich J 3, SEHL T G461 sp’-C—H 8 5 sp®-C—H
AT U EBIEE. NI C—C BB Rt T4
WA R N AR, I HA R T — RN EE
BRI PER - FEE, A AR I A PR AL T R
BE SN AR, =L 2SRRI T, & AV
2, TEE G, AETE.
3 ZEES
3.1 UEHIKF

SIHG It FH Vs 004 P i 340 4 Ak 30 00 1R s o 7 0%
HEAT, BT SR A S T4 A YR S s 751
gl JEAE . T 200~300 HEERR, W BFE A E
H 60~100 HHAENE, HRZHEH GF254 ikl J& T
AT MK (60~ 90°C) Al 1R £, G 1l 3 — 58 F o AT F .
'H NMR 7F Bruker ARX-300 4% 3L4R 1 _Eil 5E.
3.2 FEREIE K

Fr A FE T 1 RN AR B A PR 2K, ARG
WA (1 mmol), Y& 5FMEME(2.5 mmol), ~BuOK (1.5
mmol)fl DMSO (1.5 mL), ##. =#EHiHE 5 min, 25
T#RE] 100 CHBEEE 1 h RNVEEHE, KOV IR A
AHIAR R, IR /KR 225881 DMSO, H £k
(3~20 mL)*H, /K¥EQ~30 mL), T/K MgSO, T4
P 75 AN BR 25 7, ILRERHE, 1381 T 4li=4) 2-2K
$-1,2,3 4-PUS Fnmk™. "TH NMR (CDCls, 300 MHz) o:
7.29~7.25 (m, 2H), 7.17~7.12 (m, 4H), 6.96 (d, J=8.5
Hz, 2H), 6.81 (dd, J=7.5, 7.5 Hz, 1H), 4.38 (s, 2H), 3.53
(dd, J=6.0, 6.0 Hz, 2H), 2.96 (dd, J=6.0, 6.0 Hz, 2H).
3.3 £ HIEAZAY Nitro-Mannich 2

7 25 mL [J K H I A B%(0.1 mmol), BuyNAuCl,
(5 mol%), 0.1 mL H,0, (30% aq.), 1 mL fif&heks. =i
THERE. TLC ERERRN, RN E, miREG Y
A NaHCO; /KIFWF KRN, L8 LA, A WA
VKKPES. To/K Na,SO4 T, 1751, W=, 15H
BRr=).

1= P RE 2= JR L -1,2,3 4- DU & S Mk (3a)': 'H
NMR (300 MHz, CDCly) §: 7.35~7.21 (m, 6H, ArH),
7.02~7.00 (m, 2H, ArH), 6.91 ~6.88 (m, 1H, ArH),
5.61~5.60 (m, 1H, CH), 4.92~4.86 (m, 1H, CH), 4.61~
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4.55 (m, 1H, CH), 3.69~3.64 (m, 2H, CH,), 3.16~2.77
(m, 2H, CH,).

2-(4- FARU R R R )- 1 24 PR 06 -1,2,3,4- DU & e M
3b)": '"H NMR (300 MHz, CDCl3) d: 7.26~7.17 (m,
5H, ArH), 6.96~6.92 (m, 1H, ArH), 6.81~6.78 (m, 1H,
ArH), 6.67~6.63 (m, 1H, ArH), 5.21~5.16 (m, 1H, ArH),
4.85~4.54 (m, 2H, CH,), 3.76 (s, 3H, OCH3), 3.49~3.37
(m, 2H, CH,), 2.91~2.56 (m, 2H, CH,).

2-(2- AR T R )- 1 - i e P 1,2, 3, 4- D 0 S s
(3¢)!"¥: "H NMR (300 MHz, CDCly) 0: 7.21~7.11 (m, 5H,
ArH), 6.54~6.46 (m, 2H, ArH), 6.36~~6.35 (m, 1H, ArH),
5.49~5.45 (m, 1H, CH), 4.84~4.51 (m, 2H, CH,), 4.09~
4.02 (m, 2H, CH,), 3.73 (s, 3H, OCHj;), 3.57~3.54 (m,
2H, CH)).

1§25 PR 256 R 2 0 -1,2,3,4- DU 0 5 b (32
'H NMR (300 MHz, CDCly) &: 7.22~6.98 (m, 6H, ArH),
6.80~9.75 (m, 2H, ArH), 5.44~5.42 (m, 1H, CH), 4.70~
471 (m, 1H, CH), 4.52~4.46 (m, 1H, CH), 4.09~4.02
(m, 2H, CH,), 3.57~3.54 (m, 2H, CH,), 2.21 (s, 3H, CH3).

2-(4- R B )-1- 4 L A -1,2,3,4- DY & S W bk
(3e)l"?: "H NMR (300 MHz, CDCl;) d: 7.28~7.15 (m, 6H,
ArH), 6.92~6.89 (m, 2H, ArH), 5.52~5.49 (m, 1H, CH),
489~4.57 (m, 2H, CH,), 3.64~3.62 (m, 2H, CH,),
3.12~2.78 (m, 2H, CH,).

2-(4- TR R FE )-1- i R 3L -1,2,3,4- DY A S i )
3H!": 'H NMR (300 MHz, CDCl3) 6: 7.28~7.06 (m,
6H ,ArH), 6.79~6.76 (m, 2H, ArH), 5.43~5.40 (m, 1H,
CH), 4.79~4.47 (m, 2H, CH,), 3.56~3.53 (m, 2H, CH,),
3.30~2.68 (m, 2H, CH),).

1-(1-T 3k 2, 56)-2- 2K 5E-1,2,3,4- U S5 5 W bk (3g) ' :
'H NMR (300 MHz, CDCls) 6: 7.29~7.13 (m, 6H, ArH),
7.02~6.99 (m, 2H, ArH), 6.90~6.81 (m, 1H, ArH),
5.26~5.24 (m, 1H, CH), 5.09~4.86 (m, 1H, CH), 3.90~
3.56 (m, 2H, CH,), 3.12~2.86 (m, 2H, CH,), 1.73~1.55
(m, 3H, CH3).

2-(4- G IR I )-1-(1- i 3k 23 )-1,2,3,4- DU & 57 s gk
3n)!'": "H NMR (300 MHz, CDCl3) d: 7.31~7.06 (m,
6H, ArH), 6.64~6.38 (m, 2H, ArH), 5.26~4.96 (m, 1H,
CH), 4.94~4.82 (m, 1H, CH), 3.91~3.65 (m, 3H, OCH;),

http://sioc-journal.cn/ 2093
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3.62~3.38 (m, 2H, CH,), 3.07~2.75 (m, 2H, CH),).

2-(4- TR A F)-1-(1- i FE £ 35)-1,2,3,4- DY & 57 s e
(31)"?: '"H NMR (300 MHz, CDCl5) 6: 7.26~7.01 (m, 5H,
ArH), 6.64~6.53 (m, 2H, ArH), 6.42~6.39 (m, 1H, ArH),
5.28~5.24 (m, 1H, CH), 5.08~4.87 (m, 2H, CH,), 4.45~
4.11 (m, 1H, CH),, 3.67~3.54 (m, 2H, CH,), 1.72~1.52
(m, 3H, CH3).

2-(GR- TR IR )-1-(1- A 2 T4 66 )-1,2,3,4- DU & s R
3)H": 'H NMR (300 MHz, CDCl3) 6: 7.24~7.17 (m, 5H,
ArH), 7.00~6.94 (m, 2H, ArH), 6.85~6.80 (m, 1H, ArH),
5.27~5.13 (m, 1H, CH), 4.91~4.55 (m, 1H, CH), 3.88~
3.39 (m, 2H, CH,), 3.12~2.84 (m, 2H, CH,), 2.22~2.08
(m, 2H, CH,), 0.95~0.93 (m, 3H, CH;).

2-(4- RO )-1-(1-F 2 T 3 )-1,2,3,4- DY & 5 1 Tk
(3K)!"*: 'H NMR (300 MHz, CDCl;) d: 7.24~7.14 (m,
5H, ArH), 6.67~6.54 (m, 2H, ArH), 6.43~6.37 (m, 1H,
ArH), 5.28~5.15 (m, 1H, CH), 4.93~4.67 (m, 1H, CH),
3.69~3.55 (m, 2H, CH,), 3.14~291 (m, 2H, CH,),
2.30~2.11 (m, 2H, CH,), 0.99~0.94 (m, 3H, CHs).
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