Organocopper chemistry

UCT PRAGUE

Zn
Pd | NI
Mg
.

* Types of organocuprates

Organocopper reagents — RCu

Lower-order cuprates — RCu(CN)Li R,CulLi
Higher-order cuprates — (R3Si),Cu(CN)Li,
R'R?Cu(CN)Li, R,Cu(SCN)Li,

R'R?Cu(CN)LiMgX  R,Cu(CN)Li,

e Structure of homocuprate (X-ray)
Me3Si\ /SiM93
H2C—Cu—C\H2
Ui Li
\ /
H2C—Cu—C\H2
Me;Si SiMe

RzCU(CN)LIZ
reacts faster in Sy
then
RzCULi
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» Synthesis of organocuprates

©)

@)

By transmetallation

(R)-Li + cuBr) — (R)-Cu + LiBr()

By deprotocupration

®_H + [Cu]—Npase

Formation of Lipshutz base

2 TMPLi -CUYCN_ (TMP),Cu(CN)Li,

Other bases
(Ph,N),Cu(NPh,)Li,e2Et,0

—  (R)-ICul + H—Npaee

O

Structure of Lipshutz base (X-ray)

TMP__ THF
ci Li—N\EC-Ll\
s {  "TMP
TMP. ! I
\/Li—CEN—Li\ Lcu
THF TMP
(TMP),CulLi RCu(TMP)Li

For review see: Dalton Trans. 2014, 43, 14181
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» Synthesis of organocuprates

 Deprotocupration — Selected examples

1. (TMP),CulLisLiClI O
B TMEDA I X O
> .
N pncoc N
' 44%
1. (TMP),CuLieLiCI o Cl Pd(OAc), (5 mol%) 0
B TMEDA (Y SN  CysPeHBF, (10mol%)
N“ ClI THF, rt, 2 h NZ ol NP K,CO3 SN~ N\
. DMF, 130 °C, 24 h =
2. 0y Cl 65% 70% N

Tetrahedron 2013, 69, 10123
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions
o Organocopper reagents (RCu)

v’ Easily available
R-Li + CuBr() —= R-Cu + LiBr()

1. PhLi o
-50 °C, Et,0, 30 min

CuI-SM92 then >

{_)=o

2.-75°C—>0°C, Et,0,2.5h Tetrahedron 1989, 45, 425

BuCueBF; y

X ¢ .
©/\/\ THF, -78-25 °C 30 min

o Dry RCu may be explosive!

94%

J. Am. Chem. Soc. 1977, 99, 8068
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

e Organocopper reagents (RCu) - Alkyne carbocupration

H SEt

J. Organomet. Chem. 1975, 96, 471 MQJ;rg_ Synth. 1985, 64, 1
CeH1s

PhJ\
Re— 1 R1CuMgX2‘ R J. Organomet. Chem. 1986, 301, 247
i ﬁ/kCuMgX

/
R J Organomet. Chem. 1974, 77, 269

COOH
R%
R

J. Organomet. Chem. 1973, 54, C53
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

o Gilman reagent in alkylation reactions (S,2)

\FO 2 Ph,CulLi \FO
2 _
0\.)—\OTS THF, Et,0, rt, 2 h o/

4 4 Ph
~OTs ~Ph
47%
Experimentia 1982, 38, 70
[ | >J—CuLi
Cl 2 _ Cl
Br " THF, -35°C, 1.5 h V\/\/

90%

Bull. Chem. Soc. Jpn. 1976, 40, 1989
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

o Gilman reagent in alkylation reactions (S,2)

OH

MeO,C, | <5 Me,CuLi  MeO,C,LX_.Me
THF, -35°C,1.5h
BnO"' BnO"'

90%

Perkin 1 1982, 2885
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

o Organocuprates and 1,4-addition

o) 0
+ - . > OEt
@ [Eto |2‘CuL| THF, -78--40 °C, 1.5 h itl\/)
82%

J. Am. Chem. Soc. 1977, 99, 7365

v' 1,4-Addition in the presence of additives (TMSCI, BF,#Et,0)

X CHO 1.n-Bu,Culi, TMSCL RPN
THF, HMPA -70°C, 25h "B OTMS

80% E/Z 98:2

Tetrahedron 1989, 45, 349
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

o Cuprates and 1,4-addition

o 1,4-Addition in the presence of additives (TMSCI, BF;¢Et,O)

(0 O

thCU(CN)le, BF3OEt20‘
THF

95%

Tet. Lett. 1984, 25, 5959

o How do aditives work?

[RzCULi]z + 2BF3 - R3CU2Li + BF3+ RLl.BF3
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

o Gilman reagent and cross-coupling reactions

__ ZnBr,, Pd(PPh3), (5 mol%) -
Me—/ﬁ}\ _ THF, -20-10 °C, 30 min ACOM
* culi 78% EIZ=97% “Me

Tetrahedron 1984, 40, 2741.
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» Chemistry of organocuprates (from organolithium reagents)
e Stoichiometric reactions e Catalytic reactions

o Gilman reagent for the synthesis of allenes

v’ Synthesis of allenes by isomerization v’ Relative energies of propa-1,3-diene and its isomers
Ere
[kc:':llfmol} A 223
20 — 3
— ———
Me —.— _AlO; Me y /
I\ ether 1\
N-o N-o 10 —
94%
J. Org. Chem. 1969, 34, 3248
—e— 21
0 — 1 = =0
2

v The course of isomerization is governed by the properties of substituents!
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» Chemistry of organocuprates (from organolithium reagents)

Stoichiometric reactions e Catalytic reactions

o Gilman reagent for the synthesis of allenes

Me OTBDMS
OTBDMS TI/\/\/
)/\/\/

M92CULi g
Et,0, 0 °C
OTHP
Tetrahedron Lett. 1987, 28, 299 \/ Mechanistic proposal
Me
Me\\LMe . =
X Cu-Li H R R:Cuy H
o+ won M S e
Me :lers Me tBuZCULI LICN.= % --S Me \;// LG -LiLG H R
THF, -78 °C, 1 min l
7 N~ Me g7 N~/ Me R H
e COallyl o
C023||Y| 299, odlly HF S

J. Org. Chem. 1993, 58, 1325
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions

e Catalytic reactions

o Gilman reagent for the synthesis of allenes

1.t-Bu,CuLi-LiCN

° Et,O
N 2
= 2.H
n-Bu
1.Me,CuLi-LiCN
y // X CO,Et Et,O .
© 2. t-BuCO,H
Me
Me

me ® ONAOH
Me
n-Bu
72%

Eur. J. Org. Chem. 1999, 267

Me .M\/COZEt

Me MeMe
90%

Liebigs Ann. Chem. 1996, 1487
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» Chemistry of organocuprates (from organolithium reagents)
e Stoichiometric reactions e Catalytic reactions

o Gilman reagent for the synthesis of allenes

1.Me,CuLi-LiCN

Z CO,Et
_ AL AN COzEt Et20 Me .N\/ 2
meh/\/\/ 2. t-BuCO,H ~ Me Me
€ Me Me
90%
Liebigs Ann. Chem. 1996, 1487
v" Mechanistic proposal
Me Li
Me\ 7/ ’I Me Me
C'u 0 \C{,I"IO@ Me\ /IY|I|e e

N Me
X_CO,Et Me,CuLisLiCN_ N /\A \
P T Oft = Z OFt — /\fkoa - Me—Cuﬂ?.MOEt

R R R
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» Chemistry of organocuprates (from organolithium reagents)

e Stoichiometric reactions e Catalytic reactions

o Mixed cuprates

MeO OMe CulLi _ MeO OMe
\ THF, -78 °C—-20 °C

| OTHP |
92%

OTH P J. Org. Chem. 1978, 43, 3418
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» Chemistry of organocuprates (from Grignard reagents)

e Stoichiometric reactions e (Catalytic reactions reactions
(o) o (o)
CuBreSMe; (25 mol%)
@ ¥ [0>_\_/Mgc' Et,0, -78 °C—»0°C ij\/\/ﬁ’>
(0)
73%

J. Org. Chem. 1982, 47, 5045

N Cul (25 mol%) OH
OO @ THF, -30 °C 0
I”,

J. Org. Chem. 1986, 51, 4779
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» Chemistry of organocuprates (from Grignard reagents)

e Stoichiometric reactions e (Catalytic reactions
n-Bu
/)
7 + BuMaB CuBr (5 mol%) .//I
0 n-BuNigBr 5 PBu,, Et,0, -10 °C (:/E
OH
78%
Tetrahedron Lett. 1989, 30, 2387
(0)
L—f . CuCl@mol%) .~
o) n'BUMgBr THF, 0 oc o COOH
90%

Chem. Lett. 1980, 571
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» Chemistry of organocuprates (from Grignard reagents)

e Stoichiometric reactions e (Catalytic reactions

o Functionalized Grignard reagents

TMSO._ _CN TMSO CN o
‘ | MgCIoL|CI
i-PrMgCleLiCl C|
O THF, -40°C,1h CuCNo2L|CI
2. TBAF, THF
CO,Et C02Et CO,Et
87%

Org. Lett., 2006, 8, 617

_—=——TMS 1, TMPMgClsLiCl CO,Et

S—— : - S
THF, 25°C, 2 h C
\ 2. CuCNe2LiCl
TMS
S MW, 75 °C, 3 h S

3. CO,Et
Br

Angew. Chem. Int. Ed., 2012, 51, 1958
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» Copper-catalyzed reactions

* Copper-catalyzed cross-couplings

Bnpg Cul (10 mol%)

/

OPh :
(o) ligand
P #BuOLi, KI m/H\OPh
DMF, 80 °C, 14 h

0«> CuCl, (10 mol%)

N B.g K3PO, _
| DMF, 110 °C, 24 h
N

90%

ligand: O O

Chem. Commun. 2015, 51, 2388

MeO i - i OMe
|
N

88%

Org. Lett. 2017, 19, 3974
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» Copper-catalyzed reactions

* Copper-catalyzed cross-couplings o Proposed mechanism

CUC|2
| | B. K3P 4 Cu
’ (@) > -
" ©/ DMF, 110 °C, 241 "e© _ OMe
N N
OMe 88% Ar‘cu"l Ar-Cu'
Ar
Org. Lett. 2017, 19, 3974
Ar—l
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» Copper-catalyzed reactions

* Copper-catalyzed homo-couplings

Z

’ ~

-z
N | Cul(OAc),, I, | N

N - > N
MeCN, air, 130 °C
i AN
~>N
85%

Tetrahedron 2009, 65, 3085

o) THF, rt o o)

J. Org. Chem. 1971, 36, 10
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» Copper-catalyzed reactions
* Copper-catalyzed homo-couplings

o Ullmann homocoupling

R OMe cu® .
Br OO OMe pyridine, reflux

OMe

Tetrahedron 1996, 37, 791
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» Copper-catalyzed reactions

* Copper-catalyzed C—N bond formation

o Ullmann condensation

CO,Me

Cl N . CuBr (10 mol%) cl \
NH Cs,CO; NH
N N ©

H O DMSO, reflux, 16 h, air

79%

Cul (10 mol%)
DMEDA (20 mol%)
Cs,CO;, DMSO, 120 °C, 4 h

Gy + oo
N
H

Cl

CO,Me ]

Y NH,

Org. Chem. Front. 2017, 4, 2124

- N—@—BF3K

72%

Bull. KoreanChem. Soc. 2013, 34, 42
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» Copper-catalyzed reactions

* Copper-catalyzed C—N bond formation

o Chan-Lam reaction

Oror

o 0]

- Cu(OAc), (1.5 equiv)

~ H,O0 (20 mol%)TEA
toluene, 60 °C, air

Q )-BOH),

Cu(OAc), (1.5 equiv)

OMe
| D—NH,
S

TEA
DCE, 4A MS, air, rt

52%

Tetrahedron Lett. 2015, 56, 6839
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» Copper-catalyzed reactions

* Copper-catalyzed trifluoromethylation

source of

CF;

substrate —LG Cucat ~ (substrate—CF,

conditions

o Selected stable trifluoromethylation complexes

v Cu
N
N I\ PhsP. . _CF
—CF e — 3
[I/C“ CFs Ph,P~CY~pPh,
(
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» Copper-catalyzed reactions

* Copper-catalyzed trifluoromethylation

o Selected examples

Cul (50 mol%)

B(OH) : 0 CF
2 N TMS—CF, ligand (100 mol /o)= 3
AgF, KF, AgBF,
Ruppert-Prakash

DMF 80 °C
62%
reagent TEA
OH O
Me Me . o Cul (10 mol%)
I’ DMF, 40°C,1h
Me CF3

Togni reagent Il

OH
Me

F5;C
72%

Me

ligand:
=N N=

Ang. Chem. Int. Ed. 2012, 51, 12551

Chem. Comunn. 2015, 51, 16675
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