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Au (Gold)
79 Preconceived Opinion: Expensive and Inert
197.97
Au: 1g $133.50 AuCl;: 1g $115.00
Pd: 1g $ 70.50 AuCl: 1g $132.50
Ru: 1g $ 43.40 PdCl,: 1g $ 78.30
99.99 %

Aldrich 2005-2006 Catalog
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Inert?-- Heterogeneous Catalyst

--Hydrochlorination of ethyne

--Oxidation of CO

--Oxidative decomposition of halogenated hydrocarbons
--Reduction of NO with CO to N, and CO,

--Gold can also catalyze rearrangements of hydrocarbons

Au surface E;O
He flow

100 °C, 10s

90%

Meyer and Meijere. TL, 1976, 497.
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Gold Salts --An Eldorado for Homogeneous Catalysis?

--First Gold chloride catalyzed C-C and C-O coupling

by Hashmi.
__ 0.1 mol%
— Ft
{ AuClj _ Et@ R‘@
E 0 MeCN O™ gy O™ SauL,

Hashmi et al. ACIE, 2000, 39, 2285.
Highlighted by: Dyker ACIE, 2000, 39, 4237.

--In 2004, more than a dozen Gold salts catalyzed reactions
were published only in JACS as Communications.
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Gold Catalyzed Methylene C-H Activation

|v|e02c:> cat. Au (I) f<
RCHO  + g
CN 1 mol% oN

Hayashi et al. JACS, 1986, 108, 6405.

O O R R

t. Au (Ill)
+ /\/RZ ca
R ™ > R
RMR 5 mol% R-| 2

Li et al. JACS, 2004, 126, 6884.
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Gold Catalyzed Furan Ring Synthesis

/4 ——R cat. Au (I1) \\ R
2 mol% O

O
Hashmi et al. ACIE, 2000, 39, 2285.
Hashmi et al. JACS, 2000, 122, 11553.
(O/\) Rs Rs
- 4 cat. Au (Il 0
1A M* > RN H
R 2 mol% 1
N NH Ry~ Nu

Larock et al. JACS, 2004, 126, 11164.
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Gold Catalyzed Benzannulation

H cat. Au (ll)
) e (1

\\ 1 mol%

O” R

Yamamoto et al. JACS, 2002, 124, 12650.

O
H cat. AuBrg
/< + < CHO >
20-30 mol%

O~ R

Yamamoto et al. JACS, 2004, 126, 7458.
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Gold Catalyzed Functionalization of Aromatic C-H Bond

0__0
| XN cat. Au (IIl) | Xy OO
S o = —
X H H 5 mol% X/
o R

He et al. JOC, 2004, 69, 3669.

For amines: Echavarren et al. ACIE, 2004, 43, 2402.
For Intermolecular reactions: Reetz et al. EJOC, 2003, 3485.

O/\<cl)\ R, o OH

cat. Au (Ill)
X > X
| 2.5 mol% | Ro
/< S
R1 R4

He et al. JACS, 2004, 126, 5964.
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Other Gold Catalyzed Reactions

O O O

cat. Au () MeO
OMe >
1 mol%

R O

Toste et al. JACS, 2004, 126, 4526.

g o-(0)-om
cat. Au ()

+
2 mol%

OMe OMe OMe

First example of activation of alkenes

He et al. JACS, 2005, ASAP.
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Gold Catalyzed Reactions on 1, S-Enynes I

Ph
y\/\ cat. Au (l) @
\ :

é 1 1 mol% Ph

Bicyclo[3.1.0]hexenes
Toste et al. JACS, 2004, 126, 10858.
OAc
5 cat. Au (I) /@
\ o
oh // 1 2 mol% ACO Ph

Furstner et al. JACS, 2004, 126, 8654.
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Gold Catalyzed Reactions on 1, S-Enynes 11

X1 H
0" ™ 1. cat. Au (I), 1 mol% :
Ph™ X - OH
5 2. NaBH4, MeOH
n-C4H9 n-C4H9

Toste et al. JACS, 2004, 126, 15978.

Me Me
\’(\/\/ cat. Au (1) I\/Iej@/\/l\/le
1 5 .
I 1 mol% TIPSO

OTIPS

Kozmin et al. JACS, 2004, 126, 11806.
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Gold Catalyzed Reactions on 1, 5-Enynes III:
Assembly of Heterobicyclic Systems

AuCl; (5 mol%)

-

/ 20 °C, MeCN
Me

Il o
Me _\ Me
Ph \ HCI (50 mol%) X/ ~
.

Me
20 °C, MeCN 3 ‘ ‘
70% Ph

Kozmin et al. JACS, 2005, 127, ASAP.
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Gold Catalyzed Synthesis of Oxa- or Azabicyclic[3.2.1]octene

Me O—.
Ph OH  Phoi~C( _Me
| | AuCly”
4 5
Ph Ph
OMe

MeO N OMe
| P o

Me\ﬂ/\f’*“‘DH Me OMe  AuCly®
[ 7
Ph
Ph
Me 00—
r\"’?‘i}H Me P
3 Au(PPhs)CI”
| | AgClO,
8 9
Ph Ph
Ts.
Me Ne N
NHTs Me~E Me
| | AuCly
10 11
Ph Ph

a0

92

89

82

Kozmin et al. JACS, 2005, 127, ASAP.
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Gold Catalyzed Synthesis of Oxa- or Azaspirocyclic Compounds

Current Literature

Me
Me O Me e
5 H Au{PPh3)CP 86
H
12 13 AgClO,
Ph Ph
Me ~15
Me M MEME
6 Au{PPh3)CP a7
MHTs || . - AgCIO,
Ph Ph
MEME O Me .
. Au{PPhs)Cl 96
Il N . AgCIO,
OH Ph Ph

Kozmin et al. JACS, 2005, 127, ASAP.
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Gold Catalyzed Synthesis of Fused Heterobicycloalkenes
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Me
Me - Me Me Me
Uds fron o
E AuCls (10 %)
= (1)
I MeCN, 20 °C
HO Ph 18 90%
Me
Me - Vg Me Me
| AuCly (10 mol%) 0 Me
| | - (2)
HO 20 MeCN, 20 °C
H
Ph Qﬂ% F'h 21
Me MEME AuCI{PPha)/AgCIO 4 Tsli Me Me
| é (5 mol%) Me
> (3)
Il CH,Cly, 20 °C
TsHN Ph 22 81% Ph 23

Kozmin et al. JACS, 2005, 127, ASAP.
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Gold Catalyzed Synthesis of Heterobicyclic Systems

Me Me Me

Chemoselective gold-based alkyne activation, carbocyclization, intramolecular
nucleophilic addition, followed by protodemetalation.

Kozmin et al. JACS, 2005, 127, ASAP.
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Conclusions

1. Developed an efficient gold-catalyzed double cyclization of
simple 1,5-enynes with oxygen- or nitrogen-based nucleophiles.

2. A convergent approach to oxa and azabicyclic alkenes with
bridged, fused, and spirocyclic structure.

3. The assembly procedure proceeds diastereospecifically.

4. Develop the chiral gold catalysts?

5. Chemoselectivity between alkenes and alkynes.
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