Alkinkupplungen

Palladium-katalysierte Alkinkupplungen

Review: R. Rossi Org. Prep. Proc. Intl. 1995, 27,127.
A. Castro-Stevens Kupplung
2
RL=-cCu + R _— /\/R
1

B. The Sonogashira-Hagihara Kupplung

2 2
RL=— H + X/\/R /\R
R/\/

X=1,BrCl

PdCl,(PPhj), (2 mol%)

Cul oder CuOAc(1 mol%)
Amin = Et,NH, Et;N oder
25°C H

Lésungsmittel (wichtig!): Amin, THF(!)

Mechanismus: &hnlich wie Suzuki und Stille, aber mit Organokupferverbindung

Cul * RY=—H RY~—=——Cu

Diese Species wird transmetalliert




Sonogashira-Hagihara Kupplung

1. Reaktivitat der Halogenkomponente
/\I = /\Br > Al > /\CI > ArBr

= R?

T Pd(PPhy),Cl, (cat) 5
\ / Br =R
Rl/\ Cul (cat) RY

cun o)

R R Methode* Bedingungen Ausbeute [%]
4-CHO Me;Si A 25°C/ 1h 99
4-COMe Me;Si A 25°C/ 1h 92
2-CO,Me  Me,Si B 25°C/ 16h 88
3-CO,Me  Me,Si B 25:(:/ 16h 87
4COMe  MeoSi B 25°C / 16h 88
- . B 25°C/ 16h 91
4-COMe n-Bu
B 25°C/ 16h 87
4-COMe  Ph B 25°C / 16h 82
4-CHO Ph
N. Krause et al, J. Org. Chem. 1998,63. 8551
Sonogashira-Hagihara Kupplung
2. Triflate Ph
oTf PACl,(PPhy),, Cul //
2,6-Lutidin
+ Ph —
88%
CO,Et CO,Et
‘ |. Saito, Tetrahedron Lett. 1996, 37, 605 I
SiPh,Bu
OTf

PA(PPh,), (10%), |Agl (20%) o

DIPEA, DMF, 20h, 78%

\

SiPh,Bu

E<//

[ P. Pale, Tetrahedron Lett. 1996, 37, 2019 ]




Sonogashira-Hagihara Kupplung

4. Reaktivitét Katalysator / Amin

__CSHll
CsHu\/\ CsHin A~
S (pd] 5%), Cul (10%), Amin, RT \/\
C5H11

[Pd] Amin Zeit [h] Ausbeute [%]
PdCI,(PhCN), Piperidin 0.5 93
PdCl,(PPhs), Piperidin 20 93
Pd(PPhg), Piperidin 16 11
Pd(PPh3), n-PrNH, €0 62

M. Alami, G. Linstrumelle, Tetrahedron Lett. 1991, 32, 6109 ]

Palladium-katalysierte Akinkupplungen

0_0 0_0
=N c 5 mol% Pd(OAc), ”No
) mol% c)
TBDMSO <’ L TBDMSO =
I X 25 mol% PPh, I I
I ! SiMeg 20% Cul
OTBDMS (2 equiv) BuNH, \ s ’\?eTBDMS
3
Colo 76%

K. C. Nicolaou, J. Am. Chem. Soc. 1993, 115, 7612.

Me
2 N o]
I\b Me PdCl,(PPhs), Me AN
Me)\/\)l\\\ cul (o}
EPINH,

54% oTBS

C. R. Johnson J. Org. Chem. 1997, 62, 1582.




Palladium-katalysierte Akinkupplungen

Terminale Acetylene
PdCI,(PPhjg),, Cul
RX + =—SiMe; > R—=——SiMe,
NEt; oder Pyridin, RT bis 60°C
70-92%
R = Aryl, Alkenyl
KOH / MeOH
R———H
RT, 1h
79-94%

[auch Fluorid méglich]

Synthesis 1980, 627-30
Tetrahedron Lett. 1993, 34, 2071-74

Review: K. Sonogashirain Comprehensive Organic Synthesis 1990, Vol. 3 (Pergamon), 521-49
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Terminale Acetylene

Pr3'Si SiPrg
BR_Br 1) Pd(0) / Cu(l) X F
| +  =—siPy, - _ . |
Z X 2) K,CO3, MeOH Z XX
Me;S SiMe; H H

F. Diederich, Angew. Chem. 1993, 105, 437-40

Br H || H

[ P

B Br 1) Pd(0) / Cu(l) N Z
+  =—siMe,

Br Br 2) KOH, MeOH ; & X

28%
H

K.P.C. Vollhart, Angew. Chem. 1986, 25, 268-9.




Palladium-katalysierte Akinkupplungen

Terminale Acetylene; andere Schutzgruppen als TMS

Pd(0) / Cu(l) Y, KOH .
AX + :—€OH A—=—on A—=

2-Methyl-3-butyn-2-ol

OH
( Z Pd(PPhg),
_—
« [
Br

NaOH, A

J. Org. Chem. 1985, 50, 1763
Synthesis 1996, 589

G. Instrumelle, Tetrahedron 1988, 44, 6337-44.

| soquinoline

1 : 1. PACI,(PPh3), (2 mol%)
R ﬁ\N’B‘J Cul (1 mol%), NEt;, 55°C | RY Ny BUt RY Y
+ H——R - .
R? X 2. Cul (10 mol%, 100°C) zjg/\\ 7291% g2 =
A

X=1,Br

: 1. PACI,(PPhs), (2 mol9%)

. -Bu
N Cul (1 mol%%), NEts, 55°C Sy
Br
~, -Bu
N
\
P |

2. Cul (10 mol%, 100°C)
55%

1. PdCI,(PPhj), (2 mol%)
Cul (1 mol%), NEt3, 55°C SN

2. Cul (10 mol%, 100°C)

o
el
>

57%

R. Larock, Org. Lett. 1999, 1, 553
A-8a
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Alkynylzinkverbindungen

M——R
M = Li, MgBr
i znCl,
Pd(PPhj),
0-25°C, THF
1= i X =Br, |
R" = Aryl, Vinyl & E. Negishi, J. Chem. Soc. Chem. Commun. 1977, 683-4
E. Negishi, J. Org. Chem. 1978, 43, 358-60
B
— Pd(PPhj), R
SiMes  cizn—=—r N +
. /TN
— THE — . Br SiMe;
Br  SiMe;  —20bis 0°C SiMe;

R. Rosshi, Tetrahedron Lett. 1988, 29, 2239
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Alkynylzinkverbindungen

PACl,(MeCN),
= + Clzn—=—R _— N\
COo,H DMF, Et,0, RT =
CO,H

(3 equiv)

(E) oder (2), Reaktion ist stereospezifisch

A.Duchene, Synthesis 1996, 82-6.

i R
1. n-BulLi
2.2ZnCl \ (1) NaNH, / NH3
R—= : A — —_— R—————H
3. ICH=CHCI +
cl 2)H
Pd(PPh3),

E. Negishi, J. Org. Chem. 1984, 49, 2629
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Alkynylzinnverbindungen

M—R
M = Li, MgBr
¢ Bu,ySNnCl
Pd(0)
RIX + BugSh—=—R RY——R

RT, THF, DMF oder HMPA
RL=Aryl, Vinyl X =1>Br>O0Tf>>Cl

bei Zusatz von LiCl: | > OTf >Br >> Cl Kein Amin und kein Cu(l) nétig!

Ligandenfreie Katalyatoren wie PdCl,(CH3;CN), oftmals reaktiver als Pd(PPhgz),

|. Beletskaya, Doke. Akad. Nauk. SSSR 1983, 272, 1384

J. K. Stille, Tetrahedron Lett. 1988, 29, 1509
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Alkynylzinnverbindungen

Pd(PPhg), / LiCl

THF, RT, 41h, 90%

J. K. Stille, J. Am. Chem. Soc. 1984, 106, 4630.

*Ph Bu;Sn—=—R =R
7 . 7
20Tt Bn(PPhs),PdCI (5%)

I'Ph Cul (8%) \
DMF, RT

P. Stang, J. Org. Chem. 1996, 61, 6162




Palladium-katalysierte Akinkupplungen
Alkynylzinnverbindungen

Latent basenempfindliche Substrate - Sonogashira Kupplung nicht moglich!

Ph
MeO,C._Br PdCl,(PPhg),, THF MeO,C. =
| + BugSn—=—Ph |
Br” ~CO,Me 25°C, 72h, 92% =~ ~CO,Me
Ph

F. Diederich, Angew. Chem. 1992, 104, 1270.

o] o]
| )]\ PdCI,(PPhy), / Cul =
+ BugSn—==

THF, RT, 2h, 70-74%
OH OH

R. J. K. Taylor, Tetrahedron Lett. 1996, 37, 7445.
K. Ogasahara, J. Chem. Soc. Chem. Commun. 1996, 1679.
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Alkynylmagnesiumverbindungen

cat. Pd(0) oder cat. Ni(0)
RIX + BrMg——=—R Rl——R

G. Linstrumelle, Tetrahedron Lett. 1978, 191
R. Rossi, Tetrahedron 1984, 40, 2773

al Ni(dppp)Cl, -
‘L.=\ +  BrMg—=—SiMe; // \\

cl Me;Si SiMe,

(E) oder (2), Reaktion ist stereospezifisch

F.Wudl, J. Org. Chem. 1984, 49, 4733
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Alkynylmagnesiumverbindungen

O Ph3S—=—MgBr O

TfO OTf
. e N ee
X

bis zu >99%ee

A4
RN i
[ pd
¢ el
A

T. Hayashi, Tetrahedron Lett. 1996, 37, 3161
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2-Alkynylverbindungen (Propargyl)

1 1 3
Pd(0) R R
S=—v .
X R PdX
1 R3
X = Cl, OAc, OCO,R — > P\:
R? \
cul A\
=—r* Cu——r*

Ei Pd(PPh3)4, Cul E Bu
S%BU + H—=—CsHy, \—.
Cl -Pr),NH
(FP1)2 N\

CsHiy

91%

J. Tsuji, Tetrahedron Lett 1990, 31, 7179
J. Tsuji, J. Organomet. Chem. 1991, 417, 305
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2-Alkynylverbindungen (Propargyl)
® Zink

Pd(PPhs),
TMS—=—=—2znCl + =—7 MS—=—=—

0 THF, 85%
-

H. Kleijn, Recl. Trav. Chim. Pays-Bas 1982, 101, 97

THF, ZnCl,, 65°C, 74% AN
C5H11

Pd(PPhs),, (Cul) Bu
Aco~|%Bu + H—=—CqHy, :\

G. Linstrumelle, Tetrahedron Lett 1993, 34, 3853

10



