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CCopper

Group 11 coinage metalGroup 11 coinage metal

Building materials, pipes, jewelry, etc.

High electrical conductivity and ductilityHigh electrical conductivity and ductility 
make it ideal for wires
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O iOverview

ScopeScope

Synthetically Useful Organocopper Nucleophiles
Cuprates in Conjugate AdditionCuprates in Conjugate Addition

Allylic Substitutions

Synthetically Useful Cu‐mediated Couplingsy y p g
C‐C forming couplings

C‐O forming couplings

C‐N forming couplings
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O N l hilOrganocopper Nucleophiles

Common Cu sources :  CuI, CuCN, CuBr·Me2S

Henry Gilman

Mono‐organocoppers RCu ‐ thermally unstable

Homocuprates LiCuR2 ‐ Gilman Cuprates

Heterocuprates LiCuR(OR‘) ‐ alkoxycupratesHeterocuprates LiCuR(OR ) alkoxycuprates
LiCuR(SR‘) ‐ thiolatocuprates
LiCuR(2‐Th) ‐ thienylcuprates

Cyanocuprates LiCuR(CN) “lower order” cupratesCyanocuprates LiCuR(CN) ‐ lower order  cuprates
Li2CuR2(CN) ‐ “higher order” cuprates
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T t ll ti f G i dTransmetallation from Grignards

O
M M B

HO
MeMgBr

Et2O

43%%

HO O

7% 83%

FeCl3, NiCl2, CoCl2, AgCl, PbCl2, CrCl3, VCl2, MnCl2 were also screened 
but none gave any significant amount of 1,4‐addition product.

Kharasch, M.S.; Tawney, P.O. J. Am. Chem. Soc. 1941, 63, 2308. 4



St l ti C j t AdditiStereoselective Conjugate Additions

95:5 dr

The development of catalytic asymmetric
reactions has grown exponentially since 1941.reactions has grown exponentially since 1941.

Cardini, S.; Poli, G.; Scolastico, C.; Villa, R. Tetrahedron 1988, 44, 5929. 5



C t l ti A t i C j t AdditiCatalytic Asymmetric Conjugate Additions

Alexakis, A.; Polet, D.; Rosset, S.; March, S. J. Org. Chem. 2004, 69, 5660.

Lee, K.; Brown, M.K.; Hird, A.W.; Hoveyda, A.H. J. Am. Chem. Soc. 2006, 128, 7182.

Ligand
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C t i S th i ( ) Cl i lid CCuprates in Synthesis – (‐)‐Clavirolide C

Brown, M.K.; Hoveyda, A.H. J. Am. Chem. Soc. 2008, 130, 12904. 7



S th i f Cl i lid CSynthesis of Clavirolide C

Brown, M.K.; Hoveyda, A.H. J. Am. Chem. Soc. 2008, 130, 12904. 8



S th i f Cl i lid CSynthesis of Clavirolide C

1 Me(OMe)NH·HCl1. Me(OMe)NH HCl
i-PrMgCl, THF, 0 °C
2. (COCl)2, DMSO
CH2Cl2, -78 °C
then NEt3 -78 °C to rt

Brown, M.K.; Hoveyda, A.H. J. Am. Chem. Soc. 2008, 130, 12904. 9



S th i f Cl i lid CSynthesis of Clavirolide C

O H
OH Me OSiEt3

Me
75%

95% anti aldol

Brown, M.K.; Hoveyda, A.H. J. Am. Chem. Soc. 2008, 130, 12904. 10



S th i f Cl i lid CSynthesis of Clavirolide C

1. MsCl, NEt3
CH Cl rtCH2Cl2, rt
2. DBU, MeOH
55 °C

Brown, M.K.; Hoveyda, A.H. J. Am. Chem. Soc. 2008, 130, 12904. 11



All li S b i iAllylic Substitutions

General Form

Krause, N. Modern Organocopper Chemistry; Wiley-VCH: Weinheim, Germany, 2002. 12



FMO A l iFMO Analysis

d Cu and π* C=C
d Cu and σ* C‐LG

Corey, E.J.; Boaz, N.W. Tetrahedron Lett. 1984, 25, 3063. 13



E l E l f St t lEarly Examples of Stereocontrol
Chiral Leaving Group Control

Denmark, S.E.; Marble, L.K. J. Org. Chem. 1990, 55, 1984.

S
Cu

NMe215 mol%

Chiral Ligand Control

Me

OAc
Me nBuMe

nBuMgI

Et2O 0 °CEt2O, 0 C

Backvall, J.E.; van Koten, G. et. al. Tetrahedron Lett. 1995, 36, 3059.
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A t i All li Alk l ti (AAA)Asymmetric Allylic Alkylations (AAA)
O
O

P N

(S,S,S) Ligand

85%
84:16 :
97% ee

84%
89:11 :
97% ee

91%
98:2 :
98% ee

Falciola, C.A.; Tissot-Croset, K.; Alexakis, A. Angew. Chem. Int. Ed. 2006, 45, 5995. 15



AAA i S th i ( ) I d li idi 167BAAA in Synthesis ‐ (‐)‐Indolizidine 167B 
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S th i f ( ) I d li idi 167BSynthesis of (‐)‐Indolizidine 167B

tBuO
65%

99% ee

O
O

P N

99% ee

1) LiBH4
2) TsCl, DMAP, NEt3

(S,S,S) Ligand

3) LiBH4
4) CeCl3·7H2O, NaI

HO N3

H

N

H
1) NaH, Tf2O
CH2Cl2, -78 °C to rt

2) NaBH4 in 15% aq. NaOH

( -)-indolizidine 167B
79%

>95:5 dr 66%
4 steps

Kapat, A.; Nyfeler, E.; Giuffredi, G.T.; Renaud, P. J. Am. Chem. Soc. 2009, 131, 17746. 17



O N l hil SOrganocopper Nucleophiles Summary

Catalytic asymmetric conjugate additionsy y j g
Using organozinc and organoaluminum reagents

Catalytic asymmetric allylic alkylations
Using Grignard reagentsUsing Grignard reagents

R Cl R

R1R1MgX
3 mol% Cu(TC)
3 mol% Ligand

R R
CH2Cl2, -78 °C
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O i f C li R tiOverview of Coupling Reactions

RNa
X R R

R
2x

Na

Wurtz (1855)
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O i f C li R tiOverview of Coupling Reactions
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Ull d G ldbUllmann and Goldberg

Ullmann (1901) ‐ Biaryls
X

R
R R

Cu (stoichiometric)

220 °C

X = halide

ll ( ) l hUllmann (1905) ‐ Diarylethers
Fritz Ullmann

Goldberg (1906) ‐ Diarylamines

O

Goldberg (1906) ‐ Arylamides

Y

NH2

O

Br

Y

N
H

O
Cu (cat.)

K2CO3
Nitrobenzene, reflux
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C C C li S h i f Ph h idiC‐C Couplings – Synthesis of Phosphoramidites
1. CuCl2,

Me

NH
Ph

NH2

MeOH, rt, 20 h

2. 4N HCl

OH
OH

O
O

P N

Ph
CH3

CH3
Ph

3

Brussee, J.; Groenendijk, J.L.G.; te Koppele, J.M.; Jansen, A.C.A. Tetrahedron 1985, 41, 3313.
Falciola, C.A.; Tissot-Croset, K.; Alexakis, A. Angew. Chem. Int. Ed. 2006, 45, 5995. 22



S th i f A l EthSynthesis of Aryl Ethers

Ullmann (1905)Ullmann (1905)

Buchwald (2001 1° alcohols; 2005 2° alcohols)

Torraca, K.E.; Huang, X.; Parrish, C.; Buchwald, S.L. J. Am. Chem. Soc. 2001, 123, 10770.
Vorogushin, A.V.; Huang, X.; Buchwald, S.L. J. Am. Chem. Soc. 2005, 127, 8146. 23



C C t l d Eth ifi tiCu Catalyzed Etherifications

Complimentary Pd catalyzed reactions suffer from slow reductive 
l i i f C O b d l i β h d id li i ielmination to form C‐O bonds relative to β‐hydride elimination

S O Me

59%

Altman, R.A.; Shafir, A.; Choi, A.; Lichtor, P.A.; Buchwald, S.L J. Org. Chem. 2008, 73, 284. 24



M h i ti St diMechanistic Studies Excess ligand did not result in a significant 
reduction in rate; supporting a mechanism 
with a ligated copper alkoxide.

[L2Cu][Cu(OAr)2]

Ar X

[L2Cu][Cu(OAr)2]
anionic 2-coordinate

cuprate

OAr

36%36%

Tye, J.W.; Weng, Z.; Giri, R.; Hartwig, J.F. Angew. Chem. Int. Ed. 2010, 49, 2185.

- Higher yield for Br coupling argues against an outer-sphere electron transfer
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Eth ifi ti i S th i C if AEtherification in Synthesis – Corsifuran  A 

Jones, S. et. al. Org. Lett. 2008, 10, 1457. 26



S th i f C if A

CO2H CO2HBr
1 SOCl2

Synthesis of Corsifuran  A 

OMe OMe

1. SOCl2

2. Anisole
AlCl3, CH2Cl2

O
B

H
N OMe10 mol%

BH3DMS, THF

Jones, S. et. al. Org. Lett. 2008, 10, 1457. 27



N A l i f O i d lN‐Arylation of  Oxindoles

N

O

CO2EtCl N CO2EtCl

87%

N

O

N

O

NO2

CF3
85%

69%
Me

Altman, R.A.; Hyde, A.M.; Huang, X.; Buchwald, S.L. J. Am. Chem. Soc. 2008, 130, 9613. 28



O i R ti it f O i d lOpposing Reactivity of Oxindoles

cat. PdLn cat. CuLnn n

O

H

Altman, R.A.; Hyde, A.M.; Huang, X.; Buchwald, S.L. J. Am. Chem. Soc. 2008, 130, 9613. 29

N
Ar



Pd C l d M h iPd Catalyzed Mechanism

XNuc

reductive
elimination

L1Pd0 R2
X

R2
Nuc

oxidative

R2

L1
PdII

L1PdII

X

addition

N

O

R2

L1
PdII

HN

O
4.8 kcal/mol

N HBase HX

R2

R2
L1PdII

X
Nuc H

NucH
Base

Base HX

transmetallation

Altman, R.A.; Hyde, A.M.; Huang, X.; Buchwald, S.L. J. Am. Chem. Soc. 2008, 130, 9613. 30

Reductive elimination occurs rapidly from the higher energy C bound Pd‐enolate.

transmetallation



C C l d M h i
L2CuIX Nuc H

Cu Catalyzed Mechanism

X

R2
Nuc

L2CuI

NucH

X

Base

CuIL2

R2

transmetallation
aryl halide
activation

Base HXNuc

Altman, R.A.; Hyde, A.M.; Huang, X.; Buchwald, S.L. J. Am. Chem. Soc. 2008, 130, 9613. 31



P d R t f A l H lid A ti tiProposed Routes of Aryl Halide Activation

I
LnCuII

N

O

N

O

Ar
single e-

transf er

LnCuI N

O

I
R

reductive
elimination

R

N

O
N

O
oxidative

dditi

I
R

LnCuI

R

LnCuIII

I

addition

Strieter, E.R.; Bhayana, B.; Buchwald, S.L. J. Am. Chem. Soc. 2009, 131, 78. 32



Ph i l A li iPharmaceutical Applications

d l i id

N

O
Cl

Hydrolytic Amide 
Bond Cleavage

Cl

NH

CO2H

F Cl

H3C

NSAID pain relievers

Lumiracoxib
Novartis
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C l iConclusions
Organocopper reagents are an indispensible part of the Organic Chemist’s Toolbox

Can be used to form a wide variety of new bonds
Recent synthetically useful advances include :

catalytic enantioselective conjugate additions‐ catalytic enantioselective conjugate additions
‐ catalytic asymmetric allylic alkylations
‐ catalytic couplings to make C‐C, C‐N, and C‐O bonds

O

Ph
CH3O

O
P N

Ph
CH3
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