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The Sonogashira Coupling

LoPdXs
R———H + R-x - R——~R!

Cul/base (amine)

Overall elimination of HX. Occurs via organocuprates:

amine base
Cul + R————H —— R———=A~Cul

Sonogashira et al, Tett. Lett 1975, 4467. clairecoleman@wipfgroup



Uses of the Sonogashira Coupling

Extensively used in organic synthesis
Liquid Crystalline materials
Conducting Polymers

Natural Product Synthesis

clairecoleman@wipfgroup



The Sonogashia Reaction is often the key step in
Natural Product Synthesis
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The Catalytic Cycle
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The Catalytic Cycle

Cul/NEts
R'——H Cu———R' Pd(0)
N
,?\r /
A > L—Pd—= R! - Ar——~R!
r
=] ! L
Ar—X d0) L—Pd—X . L
oxidative insertion II_ ) reductive elimination
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Problem-Side Reaction

In the presence of Cu(I) cocatalyst------ Glaser type oxidative
dimerisation of the alkyne

2 ()=

2 CuCl, NH,OH
EtOH

NH,OH
EtOH

To address this several reports described Copper free Sonogashira
Couplings

clairecoleman@wipfgroup



Ideally a ligandless, copperless and amine free process would improve
Sonogashira couplings by

Cheaper: Avoid the use of expensive and sensitive ligands

Enviromentally Friendly: No disposal of large quantities of amines
for industrial purposes

Higher Yields: Avoid Glasier dimerisations

clairecoleman@wipfgroup



Coupling of Enol Triflates with Terminal Alkynes under Copper
Free conditions

[CGH5)3P]2Pd (OAC)Q/DM F

R-OTf + R2——H R'——R?
NaOAc, 60 °C, 1h

AN

C,H500C 71 % yield

Using phosphine ligated palladium precursor
2 examples that were copper and amine free

clairecoleman@wipfgroup

Cacci et al Synthesis, 1986, 320.
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Phosphine and Copper Free Sonogashira Coupling

Coupling of a vinyl 10dide and terminal alkyne 1 example

n-C5H11_ PdC|2(PhCN)2
+ :—(CHQ)ZOH > n'C5H11
| pyrrolidine, rt, 22 h

——(CH»)>,0OH

—/

57%

But still required amine

clairecoleman@wipfgroup

Linstrumelle et al, Tett Lett, 1993, 6403



Copper free, Palladium catalysed Sonogashira reaction of i

aryl bromides with terminal alkynes at rt.

Pd,(dba); (0.5 mol% Pd)
0.5 mol% P(tBu)y

l{:H+Br@R' -'=Ii'.:\~f|1'.'

Et:N, (THF), r.t., 20 h

- HBr
NO CuI as Cocatalyst employing Et3N as solvent
CGHS%Q—C(O)CH;J, (H3C)3Si%®78i(CH3)3
0.5 mol-%palladium and 99% 100 %
. TON 200 TON 200
ligand
triethylamine as b ase 1.5 eqv. Et3N, THF as solvent
CeHs— : >—C(O)CH3 (H3C)3Si%®fSi(CH3)3
. .. . 79% 99%
AIr sensitive and pyrophoric TON 158 TON 198
P(t-Bu
( )3 CeHs—=—— : >7OCH3 CeHs——=—— : >7F
%oﬁ 84 %
Herrmann, Eur. J. Org. Chem., 2000, 3679 | , TON 142
clpirecoleman@wipfgroup




PdCly(PPha)2 (5 mol%) 12

Ar;){ +3a ,_F;q :i R BMImI[PF o] Ar T R
. . .R= 4 'Pr,NH or piperidine
Copper free Sonogashira Coupling seiR=chh woczn
Of aryl iodides in Ionic Liquids e :R=—( )
entry  aryl halide  acetylene product yield® (%)
1 ‘@7| 3a
PdCIl:(PPhs) 5 2b
Al +H— P ————— - A——— R
[BMIm][PFg] 2 Mo ) o
R = alkyl, aryl 'PraMNH or piperidine 2
s IO
3?*_
. 4 02N4@7| 3a
Extracted products with hexane 2
/N
from catalyst SR
. . . 2f
Washed lonic layer with water to remove O
Ammonium salts 2e (2= o4
Tonic liquid with Pd catalyst could be Moo ab
reused o 2 e
é:% ______ ,
g 3d
N
2

Ryu, Org. Lett, 2002, 1691 clairecoleman@wipfgrour 1¢¢ 2¢ 3e
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Copper free Sonogashira Couplings of aryl 1odides and
activated aryl bromides

| h _ Pd{PPhz}sCly N
/ > + F—— - S —— :‘_‘_\
g =
X = Br, |, 8 = subsiituent R = Ph, Mes5i, CyHyg
Aryl halide Alkyne Product Yield % .
Using Pd(PPh,)Cl,
/©/OMG 91
| 0.5 to 4 mol%
/©/002Me % Piperidine as base
I
Aryl halide Alkyne Product Yield %

94
cocCl =
o -
Br
90 COsMe
L e
|

Leadbeater, Tett Lett, 2003, 8653 clairecoleman@wipfgroup
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n} Resctions were nin uxing | ol aryl halide, | mmo! phenylocetylene, 3 mmol mperidine, The reaction mixture was placed in o pre-hested ol bath af 70
°C and held thete for the allofted Hine

5} 2 mal % PA(PPh, L0l resction time of 10 min

¢h 4 mal % PA{PPh:LCl: reaction time of 10 min

d} 0.5 maol % PA(PPh, -ClL- reaction time of 20 min

e} 2 mel 85 Pd(PPh:): Ol reection time of 10 min

) Run on 10 mmol scale. 2 maol % PA(PPR)-CL. reaction trme of 10 mon.
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Copper free Palladium catalyst for reaction with aryl halides

Cat[Pd] 1
R A * H———R' o = — R
Et;N

Astruc, Chem Comm, 2003, 1934 clairecoleman@wipferoup
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Have to synthesise the ligand,

but works with some aryl chlorides

Y+ =—r

Cat[Pd] 1
—

EtM
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Table 1 Reactions conditions, conversions and turnover numbers (TON) for the Sonogashira coupling of aryl halides with alkynes using 1 as the sole

zatalyst?
Catalyst 1
Entry X R R’ Temperature™C (mol™) React. time Conv, (%) TON
| I H CsHs 11| I [5 min 100 100
2 I H CsHs 25 I 30 min 100 100
3 I H CsHs —20 I [ d 0 70
4 I H CsHs —40 I 2d 5l 5l
5 I H Si(CH;3)5 25 I 2h 76 6
] I H CsHs 1] 0.5 [5 min 100 200
7 I H CeHs 1] 0.1 2h 100 1000
8 I H CsHs 11| 0.01 [ d 87 2700
0 I H CsHs &0 0.00 7d 71 71000
10 Br H CsHs 11| I 20 min 100 100
[1 Br H CsHs 25 I [ h 100 100
12 Br Me CsHs 1] I ih QG Qh
[3 Br H Si(CH3)5 25 I [5h 54 54
14 Cl H CeHs 1] I 50 min 4 4
15 Cl H CeHs 25 I ih 9 Q
LG Cl H Si(CH3)5 25 I 2d 5 ]
17 Cl CN CsHs 1] I 5d 13 3
|8 Cl F CsHs &0 I 5d 14 14
19 Cl COOCH, CeHs 25 | id 15 5
2 Cl COOCH 4 CsHs 1] 2 id an 3
2 Cl COOCH, CsHs 40 I id 2 2

* Reaction conditions: ary] halide (2 mmol), alkyne (3 mmol), Et;N (6 mL). ® Unoptimized isolated yield.
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Coupling of aryl Chlorides and Aryl tsoylates with terminal alkynes
using a bulky phosphine ligand under copper and
amine free conditions

PCy2
i Pr O Pri
1

Pri T [PACLICH,CNRIT & .
-~ ) —_—
| I + =R (Cs5,C0, CHiCN,
B 7095 °C R 9ae
OTs
| “‘“]” — o [PACILICH,CN)a] 1 (5 mol%) R
qu-“ o CualC04 (4.5 equiv), CaHgCM, ‘x,r_f
1.5 equiv reflux M=y

Buchwald, Angewandte, Int. Ed., 2003, 42, 5993.

clairecoleman@wipfgroup
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Coupling of aryl Chlorides and Aryl tsoylates with terminal alkynes
using a bulky phosphine ligand under copper and

amine free conditions

me— & ——1Bu
89%
NG
93%
NG—  —=—CH,OMe
94%

[PACL(CH,CN ),
CEa00y, THLOM,

+ R
7085 °C

{CHa 1o

79%

88%

clairecolemar8@@ipfgroup
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First report of Sonogashira couplings of aryl tsoylates

: o

PCys I r =
! 2
iPr \_J_Aj/’pr 1.5 equiv
|
-
[ 1
iPr
ArOTs
wo—  —aTs
ME"_'I:L'-
T
=
Ma,C
L
Y M—0Ts
-

o [PACL{CHLCN):11 (5 mo%s) \} o
C85:C04 (4.5 equiv), CaHeCN, ‘o=

reflux R Iy
PRODUCT
MG ;j ——hexyl 73%
Mr_:CI:_E_.

(= 62%
MaO,C
FgﬂlL

clairecoleman@wipfgroup

Buchwald, Angewandte, Int. Ed., 2003, 42, 5993.

19



20

First report of a ligand, copper and amine free Sonogashira coupling
atrt

Employing Pd(Oac), or Pd,(dba), as catalyst
Tetrabutylammonium acetate as the base

For reaction of aryl iodides and bromides with terminal alkynes

Pd(OAc), or Pdy(dba)s

No ligand
No Copper
X=1,Br No Amine

room temperature

clairecoleman@wipfgroup



Initial goal--finding a suitable base

I —(CH32)40OH (1.0 equiv)

2 mol % Pd(OAc),
1.5 equiv Base

OMe DME, RT, 24 h

1.0 equiv
Base Yield %
Bu,NOAc 93,6h ———
Cs,COs; 69 —
Et;N 5
DBU
piperidine 5
Na,CO, 30

DMF was the optimum solvent

clairecoleman@wipfgroup

21



Using
phenylacetylene

b =1 mol% Pd(OAc),
[3 mol%]

22

— L 2 mol % Pd{OAc). ‘"'" L
N/ | + = Ph _ N\ Ph
| 1.5 equiv BuyNOAC l

DMF, RT

HI H'I
1.0 equiv 1.0 equiv
entry aryl iodide product time (h)  vyield (%)%
1 ETDZC@ EIGEI:'JA@% Ph 3 96"
o)
3 DEN4©7I DEM@% Ph 3 g7v
4 ©~| d%lﬁh 6 68
©—| @%Fh 6 73 (80)°
MeOQ OMe MeO OMe
N Y g S
7 MED@I Maﬂ@% Ph Fi 77 (86)°



Series of aliphatic
Terminal alkynes

Isolated yields (average of two runs).

¢ 1 mol % of Pd(OAc)2
was employed.

d Parenthesized yields were obtained
with 3 mol % of Pd(OAc)2.

e Pd2(dba)3 was used in place of Pd(OAc)2.
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a Isolated yields (average of two runs). 24

——R' (1.0 equiv)
— . _
Oﬂr 2 mol % Pdz(dba)s _ fi ‘; i
. R 1.5 equiv BuyNOAc g%

Aryl bromides 1.0 equiv DMF, RT

entry  aryl bromide product time (h)  yield (%)®
Electron rich were DE”‘@‘E" DE”"'< >"‘“’""‘"': Ph 5 86
sluggish

2 %N@i (CHa)sOH 5 92

(CHy)sMe 5 91

(]
2
=

¢ 3 %@——ww s
5 @ 4@7{GHE}4DH 8 94
6 NE4@7TIPS 12 89

Ph 24 70

_4
=
5
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The choice of tetrabutylammonium acetate as the base is important

Authors unsure of its role but suggest

It removes the most acidic hydrogen in the alkyne
May facilitate reduction of Pd(Oac), to a catalytically active Pd(0) species

Stabilises the oxidative addition adduct
ArPd(II)X (12 e unstable complex)

[ArPA(ID)X,]>2Bu,N* (16 ¢)

clairecoleman@wipfgroup
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Conclusion

The first Ligand, Copper and Amine free Sonogashira coupling was
described

Future benefits
Useftul for key steps in natural product synthesis
Enviromentally useful for industry

clairecoleman@wipfgroup



