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*Electron configuration : [Xe] 4f145d1%6s1

Oxidation states : 5,4,3,2,1,-1

Www.sciencenotes.org

Gold catalysts
*Au(l)
-AuCl, AuBr
-PPh,AuX; X = Cl, Br, OTf, NTf, , BF,

Au(lll)
-Na[AuCl,], K[AuCl,]

Roles in transition metal catalyzed
reaction
‘Rarely

—Migratory Insertion

—Oxidative Addition

—Reductive Elimination

—B-Hydride Elimination
«Commonly

—Proto-demetalation
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e Relativistic Effects

Phenomenon is resulted from the need to consider velocity as significant
relative to the speed of light.

m=m,/[1-(v/c)?]

» Calculated Relativistic contraction of the 6s orbital

1.0 ° .
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i ® 5d orbital
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“%:090- 000 l'
g “, o % Filled
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0.85p= o 0 .
o °°o‘l’ *Expanded 5d orbital
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Toste, F. D. et al. Nature 2007, 446, 395.
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Element

Electron affinity

Electronegativity (EN)

(EA) kJ/mol
Rhodium (Rh) 109.704 2.28
Silver (Aqg) 125.624 1.93
Gold (Au) 222.749 2.4

http://www.rsc.org/periodic-table
Toste, F. D. et al. Nature 2007, 446, 395.
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Reaction Scopes of Gold Catalysis
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C-H insertion,
Cyclopropanation

Cycloaddltlon
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*Oxygen Nucleophiles

MeO,C_ CO,Me
MeO,C

MeO,C ;
MeO,C MeOZC
5% (R)-MeO-DTB- BIPHEP(AuCI)2
| | 5% AgSbFg , m-xylene

86% 1%

o
W\OH
\
o
MeO,C MeO,G HYE
MeO,C 3% (R)-MeO-DTB-BIPHEP(AuCI), “eO2C
3% AgSbFg , m-xylene
MeO,C
MeO,C

Toste, F. D. et al. J. Am. Chem. Soc. 2010, 132, 8276.

3% (R)-MeO-DTB-BIPHEP(AuUCI),

3% AgSbFg , m-xylene

61%, 97% ee

*Carbon Nucleophiles

TBSO 10% [AUCIPPh3], 10% AgX

Me | | CH,CI/ROH (10:1)

X=0Tf ,R=H(RT) 56%
X =SbFgR=H (RT) 55%
X = ClOy, R = H (40 °C) 69%
X =BF4, R=H (40°C) 78%
X = BFy4, R = Me (40 °C) 68%

MeO,C CO,Me

Toste, F. D. et al. Angew. Chem. Int. Ed. 2006, 45, 5991.

*Carbon Nucleophiles

OTBDPS (TBDPS
5% IPrAuCI, 5% AgSbFg

| A\ > | N .~“§(

N DCE, 55 °C N

~-_
Meo\(\/\\\ MeO,C
o)
88%

*Nitrogen Nucleophiles

2.5% (dppm)Au,Cl,

-
f

5% AgSbFg, CH,Cly, 35°C

-bu H n-bu H neX
™ O @/4

82% 76% 78%
H 0 Ph
OO s
73% 61% 41%

Toste, F. D. et al. 3. Am. Chem. Soc. 2005, 127, 11260.
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*Palladium/Gold cross coupling

1% [PdCl,(dppf)]

Ar—I| + [Aul—R Ar—R  + [Au]—l
MeCN
NC O\
85% 18% 88% 39%
NC
x
| N/ -
50% 54% 84%

°\
x

46% 74%
91% 84%

*Proposed mechanism

Hashmi, A. S. K. et al. Angew. Chem. Int. Ed. 2009, 48, 8243.

*Silane/Gold cross coupling

Me3S|’ ; R?
OAc
(o) n-hexyl n-decyl

3
R3OH Selecfluor OR

cat. dppm(AuBr)z =

72% 65% 62%
y /\/?i]/oi/©
W \/K/\Q Ph 3
R = Me 73% ='pr, 67% dr =1. 31

72% 79% 64%

*Proposed mechanism

L-Au-Br
F- SlMe3>)/ \

Toste, F. D. et al. Org. Lett. 2010, 12, 4728.
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*Boron/Gold cross coupling

—NHSO,R
1.5 eq selecfluor
+ B(OH), >
N\ 3% [dppm](AuBr),]

MeCN, 12h
Ph NTFA NTFA NTs Ph NTs
Ph
Ph
Ph Ph Ph
51%

82%

SNSO,R

70% 2%

H 15 Ts
= Ph
H

Fh 64% 63%
92%

Ph

72%

Toste, F. D. et al. Angew. Chem. Int. Ed. 2010, 49, 5519.

*Proposed mechanism

@/ \®
FB(OH), + NTs F—N N
7
Ph ~ LAuX \g
. .
X NTs F BR
X NTs | |
| L-Au L-Au-X
L-Au— lIDh ©)
Fo _Ph -
/B\ .
HO™~ “OH qNHTs
}\ HBF,
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*Ring expansion

Bu
O, t
B
HO / 1% [(p-CF3CgH4)PJAUCI \IL_{ !
1% AgSbFg, CH,Cly, rt
98%
HO # 2% [(p-CF3CgH4)PIAUCI
2% AgSbFg, CH.Cly, rt o)
82%

Toste, F. D. et al. 3. Am. Chem. Soc. 2005, 127, 9708.

*Ring formation

R2 OH
0/\<é\ 2.5% AuClg o
N 7.5% AgOTf
—_— AN R2
| - DCE, 50-83 °C
R’ 1/ Va
65% 68% Bu OMe
58% 65%
ei‘ 69%
85%
2.5% AuCl,
7.5% AgOTf
DCE, 50 °C

82%
Shi, Z. et al. 3. Am. Chem. Soc. 2004, 126, 5964.

Me 5% AuCl, Me

Z%(CHzMOH - = /
o MeCN, rt
0

/ +[Au] o
b\ AU

Me [Au]
Me [Au]

== (CH,),OH
\ (CH)4OH

(CH)0H 84%

[Au] Me [Au] Me [Au]
CH2)4OH (CH2)4OH H™N\g? ~(CH,),OH
®

Hashmi, A. S. K. et al. Adv. Synth. Catal. 2004, 346, 432.

0 2% NaAuCly 2H,0
—
R2 Benzene, 80 °C

n

o
el
R?" ~07 "R!
o
Cﬁi
Ph” YN0~ “Ph

85%

Liang, Y.-M. et al. Chem. Eur. J. 2008, 14, 5282.
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*Cycloaddition

M M
PhO,S ° °C .
_ ®
\ 2% I N
"Pr/NYN\"Pr SbFe

Pho,s H
95%

\-[AuL]*

Me O
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N /CEU\H A~ S
Ar

Alu
NCPh
DCM, -40 °C

r—

Py

—%%
PhO,S M pho,s M1 Pho,s H 1™

Echavarren , A. M. et al. Chem. Eur. J. 2009, 15, 5646.

R
')\R 5% PhsPAUC],
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—_—
N\ A CH,Cly, 1t

R
H
/R
X
H Ar
H H H
AllylO,C. / / VY
AllylO,C TsN
HooPh HoPh )\ en

92% 80% 82%
H Me H
H
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Toste, F. D. et al. 3. Am. Chem. Soc. 2007, 129, 12402.
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*Nucleophilic/electrophilic reactivity of Gold-alkyne complex

NU\
== > e —_ =

. _
. >_<f\e
[Au] [Au] A/ Au

[ N
) +Nu@ . / &\l
/ < —_—
Au ® E ; <
+E Au

*Formation of a-oxo gold carbenoid

(o
e ® —
r/\o—v ,\L‘OY
— = S)
Au

| ¢

_—,Au>—@

Oxidant = pyridine/quinoline N-oxides or sulfoxide

Au

Zhang, L. et al. Angew. Chem. Int. Ed. 2007, 46, 5156.
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*Gold-catalyzed Oxidation of Terminal Alkynes

5% Mor-Dal-PhosAuOMs

0
/ +  MsOH > )I\/OMS
R AN R
DCM, rt
@ P
I
Oo
10 o) O O
\M)I\/OMS TBso\MJ\/OMs V)IVOMS OMs
4 4
0 88%
84% 74% 79%
o) o) o
YJ\/OMS O)‘\/OMS @/\)}\/OMS
92% 89% 80% 75%

Zhang, L. et al. Adv. Synth. Catal. 2014, 356, 1229.

3 5% Mor-Dal-PhosAuOM S
/ . )I\ or-Da osAuOMs . )[ />7R'
R” N

R “NH, N
® P DCM, rt
“|‘

T @ e @
e @ - @ ML HJ
s 0
MeMLNMJ 5 ML:MO ) Mﬁ%@
? 68% ° 75% M T
s
B”OMJ[N}_@ T|PSOM£3/>_© :J: :/>_©
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*Oxidative cyclization Proposed mechanlsm

R
5% [IPrAUCIJAgNTY, @:\% Au d I
— very slow

1,5-shift fast

83% 84% 83% 85%
*Mechanism study

Ph Ph
5% [IPrAuClI]
> ®
NN, DCE, 25°C NAu]

90% o ©
88% 81% 90%
@ ‘,I O)w
( ( "
21%
85% 82% 629

80%

Liu, R. S. et al. Angew. Chem. Int. Ed. 2012, 51, 2939.

T
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(o]
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_—
% DCM, rt
gold carbene

0 mc&c@

94%, 94% 71% 94%

C-H insertion
R S

EtOzC
6%
91%
64%
O,N
, 91%
*Proposed mechanism °
Ph\®
—0
= < Ph, Phes o R
74 R = Et S=0 R=H o7
- - "
LAuL < — . AuL

Toste, F. D. et al. 3. Am. Chem. Soc. 2007, 129, 4160.
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; PAuCI
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Me Me
(0]
n
Bu || PhF. rt CsHy{
@
Ph N/
|
Pr O
S}
Me Me
0 94% o O
(>25:1) Me Ph o]
% 85%
| nBy O Ph
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0 (0]
Me Me Me Me
o TIPSO Ph O
75%
96% X °
(18.2:1) Ph OTIPS
|| o
Ph
Ph 0
Me Me Me_ Me Ph
H N= o
O 720/0 76%
t /cis 1 >20:1
; rans/cis OTBS OTBS

O
I
Ph

Zhang, L. et al. J. Am. Chem. Soc. 2015, 137, 5316.




