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Gold Catalyzed Organic Transformation
Reactions

CHE Chi-ming *
(Department of Chemistry, The University of Hong Kong, Hong Kong, P. R. China)

Abstract: Transition metal-catalyzed organic transformations have led to many useful tools for
organic synthesis over the past several decades. Gold is the latest metal to enter the arena of
transition metal catalysis. Gold catalysis has developed impressively over the past decade, and
has already provided valuable contributions to organic synthesis. The unique properties of gold
complexes, including high carbophilicity, insensitivity towards air/moisture conditions and high
reactivity under mild conditions, render them to be powerful catalysts for unprecedented organic
transformations. In particular, gold-catalyzed tandem C—C bond formations have been
receiving a growing interest due to the intriguing selectivity and high atom economy. Recently,
we have developed a variety of simple and highly efficient methods for the synthesis of
structurally diverse organic compounds of increased complexity, where several C—C bonds can
be formed in a one-pot reaction from simple starting materials catalyzed by gold complexes. We
believe that these works help in the fundamental study of gold chemistry, and provide new and
efficient synthetic methods for organic synthesis. On the other hand, despite the success of gold
catalysts, surprisingly few enantioselective gold ( I) -catalyzed reactions have been reported.
This is possibly due to the linear coordination geometry of gold(I) complex, which alleviates
the steric interactions between the chiral inducer and the reactive functional group of the
substrate. To circumvent this problem, we recently reported the latest development within
enantioselective gold catalysis, namely the use of cooperative catalysis composed of an achiral
gold complex and a chiral organic molecule for gold( I) -catalyzed asymmetric organic reaction.
This work would serve as a complementary approach to the conventional chiral gold (I)-

catalyzed asymmetric organic synthesis. In this seminar, the gold ( I)-catalyzed tandem

* LER, PAMFREL, FEXFALFR, SIRRKTALLTR, T2009 £9 AALFEXF FRAMFREL
BRI AN FRAFER LA F AXAFAS,



reactions with excellent enantio-, regio-and chemoselectivities will be presented. We will also
disclose our unpublished results on enantioselective intermolecular hydroarylation of allenes with
indoles catalyzed by chiral binuclear gold(I) complex.

Key words: gold chemistry, gold catalysis, organic transformations, tandem C—C bond
formations, chiral binuclear gold(I) complex, enantioselective, regioselective,

chemoselective, hydroarylation, allenes, indoles
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Outline

+ Introduction

* Gold-catalyzed nucleophilic addition to alkenes

* Gold-catalyzed nucleophilic addition to alkynes and related tandem
reactions

* Gold-catalyzed nucleophilic addition to allenes

¢ Summary

Gold is one of earliest known metals long The best-known goals of the alchemists
before copper, iron, zinc and lead. It were the transmutation of common metals
stands for wealthy to gold. The practical aspect of alchemy

generated the basics of modern chemistry.




Periodic Table of the Elements

# hydrogen H poor metals

alkali metals O nonmetals
# alkali earth metals W noble gases
® transition metals @ rare earth metals

Aerobic Oxidation of Benzylic Amines by

“AuNPs/C + O,” Protocol

Aerobic Oxidation of Benzylic Amines by
“AuNPs/C + 0,” Protocol

N-R° AUNPS/C (Au: 5 mol %), O, bubbling SR

R H toluene, 24 h, 110 °C R

1 2
Entry Substrate R' R’ Product Conv./% ™ _Yield/% 4
D) OMe Ph 2 100 95
2 1b OMe Ph 2b 1004 97
3 1 OMe Ph 2b 81t 95
4 1c Me Ph 2 100 97
5w Bu Ph 24 100 98
6 le H Ph 2e 100 9%
70 Cl P 21 % 99
8 1 Br Ph 2 88 9
9 1 NMe; Ph 2h 100 95
10 1 OMe 2% 100 95
n 1 H  (CH)CH; 2j#2a 100 93 (79:14)
12 1k H  (CHPh  2k#2a 100 88 (78:10)
3 1 H (CH)QCN 21 100 88
14 Im H 2m+2a 100 81 (58:23)
15 1a NO, Cy 20428 71 93 (48:45)
16 1o OMe Cy 20 100 86

[a] Reaction conditions: amines (0.4 mmol), AuNPs/C (Au: 5 mol %), toluene (8 mL),
O, bubbling, 110 °C, 24 h; unless otherwise stated. [b] Conversion and yield were
determined by 'H-NMR using Ph,C=CH; as the intemal standard. [c] Yield was
calculated based on substrate conversion. The ratio of products is shown in parentheses.
[d] AuNPs/C (Au: 1 mol %), 17 h. [¢] AuNPs/C (Au: 0.5 mol %), 17 h.




Aerobic Oxidation of Benzylic Amines by

“AuNPs/C + O,” Protocol
AUNPS/C (Au: 5 mol %), O, bubbling, 24 h .
N.. Toluene (10 mL), sat. NaHCO; (1mL), 110 °C Nog o
1
15 1.0

TEntry Substrate R Products _Conv/% ™ _Yield /% ™7
1 14a Me 15a+16a 100 93(32:61)
2 14a Me 168 27 90*!
3 14a Me 15a+16a 100
4 140 Et 15b+16b 100
5 14a Me 15a+16a 100
6 14b Et 15b+16b 100
2 14e nPr 15c+16e 100
8 14d nBu 15d+16d 100
9 1de Octyl 15e+16e 100
10 14 Bn 156161 100

(2] Reaction conditions: amine (0.4 mmol), AuNPs/C (Au: 5 mol %), toluene (10 mL),
saturated NaHCO; aqueous solution (1 mL), O, bubbling, 110 °C, 24 h; unless
otherwise stated. [b] Conversion and yield were determined by 'H-NMR using
Ph,C=CH, as the internal standard. [c] Yield was calculated based on substrate
conversion. The ratio of products is shown in parentheses. [d] Without addition of
saturated NaHCO, aqueous solution. [¢] Only anhydrous toluene (10 mL) was used as
solvent without addition of saturated NaHCO, aqueous solution. [f] H,O (1 mL) was
used instead of saturated NaHCO, aqueous solution.

High Selectivity of Amide Products!!!

Applications of “AuNPs/C + O,” Protocol

" Imines are versatile building blocks for organic synthesis.

NH N H
o [Ru(p-cymene)Cll; (0.05 equiv.) W @ . R
/\ok"z argon, CH,Cly, 3.5 h, 40°C T H J\’;
o
IS u

(0.5 equiv.) o
10 1"

AuNPs/C+0,
100% conv., total yield = 83%
2N NH 10:11 = 85:15
4

5 83% yield

o

1 )Lx L-proline (1 equiv.) N i
2a X = CH,
oy gy IPA (1 mL), 24 h, it X
12¢ X = Ph o u.,o )sCH.

2.5 equiv. e

(2.5 equiv.) (70% conv., 81% yield) 1“(’(3:520.” 7:%vldd)

13cX=Ph
(20% conv., 56% yleld)

Mechanism of AuNPs/C-Catalyzed Amine Qxidation

Au nanoparticle

HO+120,
Graphite
)
H,Ozjl- "0—-OH

~
0=0.
H‘Au”'

Ha:R! :
e

R "H H




Commonly Used Gold Catalyst

-Pr i-Pr,

R
Gokd(l):  AuCl R;'P—Au-cl QNHN_Q
R=aryl, alkyl “Pr Auipr
cl
l R
Gold(lll): ~ AuCls, NeAuCl,
(I): AuCly uCly ’;‘/ o

Ci-Au-d

cl

X-ray Crystal Structures of Gold(l) 7t -alkene and
Alkyne Complexes

Brown, T. J.; Dickens, M.G.; Widenhoefer, R.A. J Am.Chem.Soc. 2009, 131 :6350-6351.
Shapiro,N.D.; Toste,F.D. Proc. Natl. Acad. Sci. U.S.A 2008, 105:2779-2782.

Gold Catalysis: C—H and Multiple Bond Activation

R% ,R®

0 2 R H
B R\u,R . R‘/ 1 mol% AuBrs JN\
R H e L i) 1
o tooe NN,
up to 99% yield

(o]

ome 10 mol% PPhsAUOT MeO
CH,Cly
S 0

up to 95% yield

3
‘//Si* _5moi%-10 moi% AuClh_ R! {L_ﬁ\n
4
R2 Be e N

CH,Ch
up to 96% yield

Gorin, D. J.; Toste, F. D. Nature 2007, 446:395-403.




Limitations in Au Catalysts: Long Reaction Times
and High Temperatures

AuCly (5 mol%) %
+ X _~_OTf AgOTf (15 mol%)
—— T
CICH,CH,CI

120 Dc up to 90% yield

48h
[e]
o] m
AN AuPPh,CI/AgOTf N
Soo Ko+l | b e °\/*\LN7
120 °C L/
72h 73% yield
o s
i AuPPhyCUAGOT N
85 °C 55% yield
48 h

Li, Z.; Brouwer, C.; He, C. Chem. Rev. 2008, 108: 3239-3265.

Approach-1

Substrates Products

Substrates Products

Reduced reaction times
Higher yields and selectivities
Ideally suited for automation
and high-throughput synthesis

Golden Opportunities in Stereoselective Catalysis

L—Au—X| (Linear coordination geometry)
Challenge: Enantioselective transformation

Ligand control strategy (few examples):
n-Cshyy

CsHy:
2.5 moi% L{AUCI),, 5 moi% AgOTs i M P(3,541-Buj4-OMe-Ph);
3 ., 20°C o F% M P(3,5{t-Bu)-4-OMe-Ph);
P\ on 84% yleld, 1:1 EZ. >85% ee PH

Bongers, N.; Krause, N. Angew. Chem., Int. Ed. 2008, 47:2178—2181.

Chiral counterion strategy:

X3 mor dppmiAuCyAGX 2
tem— (YO
X = OH, NHSOMes. p to 97% yield

Upto 6% ee

Hamilton, G. L.; Kang, E. J.; Mba, M.; Toste, F. D. Science 2007, 317: 496—499.




Approach-2

Substrates Products

Substrates Products

Combining the advantages of both
gold- and organocatalysis

High efficiency and enantioslectivity

High chemo- and stereoselectivity

Good atom-economy

Approach-3

From simple starting materials...

Green chemistry
High atom-economy|
High efficiency
High selectivity

...to functionalized novel multirings

Approach-4

Gold (IIT) Catalysts

unrecoverable

Limitations: propensity to degrade,
AuCls, AuBrs, NaAuCly, :> high catalyst loading,
KAuCl,

Our New Au(III) Catalysts:

low catalyst loading,

Advantages: efficient and robust,
recoverable

[AU(CNICI;]

[Au(TPP)ICI




