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Abstract N-Heterocyclic carbene (NHC) binuclear gold complexes and mononuclear gold complex have been successfully
prepared from 1,1'-binaphthalenyl-2,2'-diamine (BINAM) in good yields. Their structures have been unambiguously deter-
mined by spectroscopic data and X-ray diffraction. On the basis of X-ray diffraction, a weak interaction between Au-Au has
been identified in the N-heterocyclic carbene (NHC) binuclear gold complex 4b, in which the distance of Au(I)-Au(l) is
4.190 A. We also found that NHC-binuclear gold complex 4b is a more effective catalyst than that of NHC-mononuclear gold
complex in the aminoarylation of olefins under identical conditions. Based on these experimental data, the improved yield of
aminoarylation is possibly attributed to the weak Au(I)-Au(I) interaction in the N-heterocyclic carbene (NHC) binuclear gold
complex 4b. A plausible reaction mechanism has been proposed on the basis of previous literature. The reaction procedure is
quite simple. When NHC-gold(I) catalyst 4b (3 mol%, 3.0 umol) was dissolved in solvent (2.0 mL) in a flame-dried Schlenk
tube equipped with a septum cap and stirring bar, the additive AgSbF¢ (6.0 umol) was added under argon, and then the mix-
ture was stirred under argon at room temperature for 10 min. Alkylamine (0.1 mmol), arylboronic acid (0.2 mmol), and se-
lectfluor (0.2 mmol) were added, and then the reaction mixture was stirred at 60 ‘C for 12 h. The crude product was concen-
trated under reduced pressure, and purified by flash chromatography on silica gel (eluent: EtOAc/petroleum ether=1/16) to
yield the pure corresponding product. Recently, a number of bis(gold) vinyl species have been isolated from homogeneous
gold catalysis and have been identified as the key intermediate in the catalytic process. Meanwhile, binuclear gold complexes
have been also realized as the key species in the homogeneous gold catalysis recently. In this paper, we first disclosed that the
N-heterocyclic carbene (NHC) binuclear gold complex has a weak interaction between Au(I)-Au(I), which plays an important
role in the aminoarylation of olefins.
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Figure 1 NHC-gold(I) complexes 4a~4b and 6
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B2 A REIEESHGY) 4b

Figure 2 ORTEP drawing of NHC-gold(I) complex 4b with thermal
ellipsoids at the 30% probability level. Selected bond distances (A) and
angles (deg): Au(1)-C(1) 1.967(8), Au(1)-Br(1) 2.3756(11), Au(2)-C(8)
1.984(7), Au(2)-Br(2) 2.3725(11), C(1)-Au(1)-Br(1) 177.1(2), C(8)-
Au(2)-Br(2) 176.4(2), N(1)-C(1)-N(2) 104.9(7), N(3)-C(8)-N(4) 107.2(6)

B3 AXHRREHEGY6

Figure 3 ORTEP drawing of NHC-gold(I) complex 6 with thermal
ellipsoids at the 30% probability level. Selected bond distances (A) and
angles (deg): Au(1)-C(1) 2.016(7), Au(1)-Br(1) 2.3621(11), O(1)-C(35)
1.215(9), N(3)-C(35) 1.353(10), C(1)-Au(1)-Br(1) 177.84(18), N(3)-
C(35)-0(1) 122.8(8), N(1)-C(1)-N(2) 107.7(7), O(1)-C(35)-C(36)
121.0(8)
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Table 1 Optimization of reaction conditions

Ts
o / cat., additives >©N/V
+ PhB(OH
N (OH) oxidant, solvent, 60 °C Ph Ph

Ph

Ts
7a 8a (x equiv.) 10a
Entry” Cat. x Additive Oxidant Solvent  Time/h Yield’/%
1 4a 20 —  9(2.0equiv.) CH;CN 48 46
2 4b 20 —  9(2.0equiv.) CH;CN 48 85
3 6 20 —  9(2.0equiv.) CH;CN 48 80
4b 2.0 —  9(3.0equiv.) CH;CN 48 36
4b 2.0 —  9(4.0equiv.) CH;CN 48 25

AgBF, 9(20equiv) CHCN 12 trace
4b 2.5 AgOTf 9(2.0equiv) CH:CN 12 trace

4
5

6 4b 20
;

8 4b 2.0 AgOTs 9(2.0equiv) CH,CN 12 trace
9

4b 2.0 AgOAc 9(2.0equiv.) CH;CN 12 40
10 4b 2.0 AgSbFs 9 (2.0 equiv.) CH;CN 12 84
11 4b 2.0 AgCOCF;9 (2.0 equiv.) CH;CN 12 50
12 4b 2.0 AgSbFs 9 (2.0 equiv.) toulene 12 nr.?
13 4b 2.0 AgSbFs 9 (2.0 equiv.) dioxane 12 nr.?

14 4b 2.0 AgSbF, 9 (2.0 equiv.) MeOH 12 trace
15° 4b 2.0 AgSbF, 9 (2.0 equiv.) CH:CN/H,0 12 41

16 4b 1.0 AgSbF, 9(2.0equiv) CH:CN 12 trace

17 4b 1.5 AgSbF, 9(2.0equiv) CH:CN 12 70
18 4b 3.0 AgSbF, 9(2.0equiv) CH:CN 12 20
19 4b 4.0 AgSbF, 9(2.0equiv) CH:CN 12 12
200 6 —  9(20equiv) CH,CN 48 53

¢ Reaction conditions: substrate 7a (0.1 mmol), phenylbronic acid 8a (0.2
mmol), NHC-gold(I) complex 4 (3 mol%, 3.0 pmol), additive, oxidant 9 (2~4
equiv.) and solvent (2.0 mL) reacted at 60 ‘C; ° Isolated yields; © Reaction
conditions: substrate 7a (0. mmol), phenylbronic acid (0.2 mmol),
NHC-gold(I) complex 6 (6 mol% 6.0 umol), oxidant 9 (0.2 mmol) and solvent
(2.0 mL) reacted at 60 C; ?No reaction; ¢ CH;CN/H,O=10 : 1. /Reaction
conditions: substrate 7a (0.1 mmol), phenylbronic acid (0.2 mmol),
NHC-gold(I) complex 6 (3 mol%, 3.0 pmol), oxidant 9 (0.2 mmol) and solvent
(2.0 mL) reacted at 60 C.

Acta Chim. Sinica 2012, 70, 1593—1598

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

NI [RIZEAR [R5 AESR 1) 48 h 462438 12 h, LA 84%
FIBCRAS R H B =2)(F 1, Entries 2, 6~11). X507
SR EIR, OB EEPEGR 1, Entries 12~15).
B, AT ARTLIR N H ST T % %L, 2 equiv. i
FEONIR Re LA ds vy = 2243 2 724 10a, JCIRHG it 2 sk b
IRSERIIR (1) FH B A o A S N =R FRIR(3R 1, Enntries
16~19).

23 BRAEEUREWMERYAR

BT, AR TIRYIEENE. iRk
W) 7 AL R R ORI L A, e RO AR &R
H AT LI i 3E AT DU )W 349 2 B AR = (R 2,
Entries 1~4). &% 07 /00 A XTI R NAAA 551

R2 EWHE

Table 2 Aminoarylation of unactivated alkenes in the presence of
NHC-gold(I) complex 4b

Entry” Substrate Product Yield"/%
Ph_Ph NO,
AR
0=S=0
1 O:§:O Ph 85
jos
NO, PhPh
7b 10b
Ph Ph OMe
ﬁi\
0=5=0 T
2 0=5=0 pp, 82
jos
OMe Phph
7c 10c
Ph Ph Br
A%
0=8=0
3 0=8=0 py, 83
jo
Br P
7d 10d
Ph Ph F
0=8=0 =S=
4 0=9=0 pnp 83
N
O
E Ph
7e 10e
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Entry” Sunstrate Product

V Ts
Me Me
5 Ph 87
Me NHTs M
7f 10f
/
Me Ph
6 M
Ph NHTs
79 10g
/ N
Ph
7 NHTs 90
7h

10h

s

o,
Z\
|
2]

Ph 86 (dr=131:1)

‘\_|
E w

PH NHTs s Ph
7i 10i
Ph
/
Ph |
9 — complex
PA™ N\ NHTs
7j
/ e
10 Ph Ph&,,h 87 (dr=148: 1)
NHTs 10k
7k
AN N/Ts
11 NHTs @Ph 90
71 101
Ts
= /
N Ph
12 80
NHTs
7m 10m
/ _Bn
13 Ph NHBn Ph Ph »
n 10n
/ ,COan
Ph Ph&
14 Ph Ph nr.
Ph NHCO,Bn
70 100

“ Reaction conditions: substrate 7 (0.1 mmol), phenylboronic acid (0.2 mmol),
NHC-gold(I) complex 4b (3 mol%, 3.0 pmol), AgSbFe (6.0 pmol), selectfluor
9 (0.2 mmol) and CH;CN (2.0 mL) reacted at 60 ‘C; ® Isolated yields; ¢ No
reaction.

K (% 2, Entries 5~7, 10~11). WEkEE4k-449) 10i t 7]
PLEL 85% IR IA 73 21 (3% 2, Entry 8). {E {5k =&
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FATT LA RN ) 45 A5 2 RE A 2,3- &Mk
FAAY 10m (% 2, Entry 12). 545, J&Y 7 H &R 11
PRYIE L AR SERT, ONAB AT R A, H M IR
SR NS 45% (3K 2, Entry 13). 4 N R E&H
CO,Bn {RAPEERT, 0V ANRE K A2 (3K 2, Entry 14). 4K
W) 7§ g I R S AT AR EUAR S, i AR R AN
(3% 2, Entry 9).
24 FHEWERAERTER

TEEARSAE T, ToIe A2 H 7l 2 s 11 5 S50
Fe 5 IR 7 I N A AT DU j A5 3 H AR = #1 (3R 3,
Entries 1~4, and 6~7). 44 8 N ZEMIR T, A5 %]
HA#r=#)(3& 3, Entries 5 and 8).
£3 5 HMERIE I

Table 3 Boronic acid scope for the aminoarylation

NHC-gold(l) 4b (3 mol%),

Y
R . AgSbFg (6 mol%) R Ar
AFB(OH)z N.

R NHTs selectfluor 9, CH3CN, 60 °C R Ts
7 8 10
Entry®  Substrate ArB(OH), Yield"/%

1 7a, R=Ph 8b, Ar=0-Me-CsH, 10p, 45
2 7a, R=Ph 8¢, Ar=m-Me-C¢H, 10q, 85
3 7a, R=Ph 8d, Ar=p-Me-C¢H, 10r, 70
4 7a, R=Ph 8e, Ar=p-CI-C¢H,4 10s, 88

5 7a, R=Ph 8f, Ar=2-naphthyl trace
6 71, R=H 8b, Ar=0-Me-C¢H,4 10t, 95
7 71, R=H 8g, Ar=p-F-C¢H,4 10u, 90
8 71, R=H 8f, Ar=2-naphthyl trace

“ Reaction conditions: substrate 7 (0.1 mmol), arylboronic acid 8 (0.2 mmol),
NHC-gold(I) complex 4b (3 mol%, 3.0 umol), AgSbFe (6.0 pmol), selectfluor
9 (0.2 mmol) and CH;CN (2.0 mL) reacted at 60 C; ® Isolated yields.

25 REZHE

£ Zhang il Toste!™ "N AT o7 6L, FRAiIHe
T UL N IHLER(WE 4). E R R AL 4 ()%
G 4 4 selectfluor 9 F AL (NG 11, R )54
(IDZEY) 11 5)EY Ta T EIGREECAL, 70+ W ISR
P2 OB AR i RS ) 12, G 12 R
T 15 0 AR s A AR, AUl I R
JE 32 H bR =4 10.

3 it

ARSCAE# B ZE R R A T — SR AR R 24
5, K LT N B 0y FeAk s Ovi, B 95%
FICRAG B etk & 4. EbE Au(D)-Au(T)Ia] (1)
PSR Au JRUF a2, HEWT AL T 4b i nT RELE
15 Au()-Au(D)I5VE J7, 1M FLIX Rl S5 k1 ELAE T A] BEXT %
THEA S o E S R A .
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Figure 4 Proposed reaction mechanism for the gold-catalyzed aminoarylation reaction
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The crystal data of 6 have been deposited in CCDC with number
877599. Empirical Formula: C;H,;AuBrN;O; Formula Weight:
794.48; Crystal Color, Habit: colorless, Crystal Dimensions: 0.211
X0.195X0.164 mm; Crystal System: Triclinic; Lattice Parameters:
a=9.1183(9) A, b=10.4649(10) A, ¢=15.5456(15) A, a=
83.801(2)°, f=79.355(2)°, y=86.758(2)°, V'=1448. 3(2) A®; Space
group: P-1; Z=2; D¢y.=1.822 g/cms; Fooo=772; Final R indices
[I>20(I)]: Ri=0.0462; wR,=0.1140.

Hu, S.-Z.; Zhou, Z.-H.; Cai, Q.-R. Acta Phys.-Chim. Sin. 2003, 19,
1073, (BASE, FIRANE, 3503, #3034k, 2003, 19, 1073.)

(Zhao, X.)
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