UNIVERSITAT ROVIRA I VIRGILI
PALLADIUM COMPLEXES CONTAINING DIPHOSPHINE AND SULFONATED PHOSPHINE LIGANDS FOR C-C BOND FORMING REACTIONS.
CATALYTIC AND MECHANISTIC STUDIES

Eduardo José Garcia Suarez . . . . L .
ISBN:978-84-691-0369-2/DL: T.2187-2007 4.2. New phosphine sulfonated ligands in palladium catalysed Suzuki-Miyaura reaction

New alkyl derivates phosphine sulfonate (P-O) ligands. Catalytic activity in
Pd-catalysed Suzuki-Miyaura reaction in water

Abstract

In this chapter two novel bis(o-methoxyphenyl) phosphinoalkylsulfonate (P-O)
ligands are applied in palladium-catalysed Suzuki-Miyaura cross-coupling
reactions in neat water in conjunction with microwave heating. These ligands in
combination with a palladium source yield efficient catalyst for the Suzuki-
Miyaura reaction.
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4.2.1. Introduction

The Suzuki-Miyaura coupling (Scheme 1) is one of the most useful methods for
the formation of C-C bonds." Due to the high solubility of arylboronic acids in
water and the low toxicity of reagents and by-products as compared to other
protocols,“2 the Suzuki coupling is an ideal reaction to be performed in water.
Over the last years, several reports have appeared describing Suzuki coupling

reactions catalysed by water-soluble Pd systems.'®%*

The fact that the ligands 2-{bis(o-methoxyphenyl)phosphino}ethanesulfonic acid
(a) and 3-{bis(o-methoxyphenyl)phosphino}propanesulfonic acid (b) (section
4.1, Figure 1, pag. 171) are water-soluble and air stable, makes these ligands
promising candidates to be use in the Suzuki-Miyaura cross-coupling reaction

performed in non-deareated water

R R
@x + AB(OH), — P4l @—Ar

X=l, Br, Cl

Scheme 1. Suzuki-Miyaura cross-coupling reaction
4.2.2. Results and Discussion
Catalytic Suzuki-Miyaura cross-coupling experiments
The properties of these new ligands a and b makes water the solvent of choice
for the performance of the catalytic Suzuki-Miyaura cross-coupling reaction. To

the best of our knowledge, no diaryl alkyl phosphine sulfonate anionic ligand has

ever been employed in such reaction in neat water.
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In Table 1 are reported the results obtained for the Suzuki-Miyaura reaction
between aryl bromides and aryl boronic acids in neat water and in open

atmosphere.

Irrespective of the ligand employed, quantitative conversions were achieved
when either 4-bromoacetophenone or bromobenzene were used for the
catalytic cross-coupling reaction (entries 1-6), using only 0.05 mol% of
palladium. On using the less reactive 4-bromoanisole, the catalytic conversions

decrease slightly (entries 7-8) but they are still high.

Table 1. Palladium-catalysed S-M cross-coupling of aryl bromides R'-Br and
boronic acids R%-B(OH),*

Entry R’ R2 Con\[/Fe)_r(s)i]ogb(%) Con\[/g_r(s)i]olr;b@/o)

1 4-AcCgH, Ph >99 >99
2  4-AcCgH,4 1-naphthyl >99 >99
3  4-AcCgH4 4-FCgH4 >99 >99
4  4-AcCgH4 4-MeOCgH, >99 >99
5 GCgH,4 4-FCgH4 >99 >99
6 CgH, 4-MeOCgH, >99 >99
7 4-MeOCgH,  4-FCgH4 60 71

8 4-MeOGCg¢H;  4-MeOCgH, 90 90

4Conditions: 0.05 mol% Pd(OAc),, T = 80 °C, t = 2 h, Solvent H,O (3 ml), R'-Br
(1.5 mmol, RQ-B(OH)Q (1.72 mmol), L/Pd (1/1), K.COs (3 mmol). ®Conversion
determined by GC and '"H-NMR spectroscopy in CDCl,

It is well known that microwave technology may be a successful technique for
chemical syntheses.® Since this technique may shorten the reaction times of
catalytic Suzuki-Miyaura couplings, especially in water,® some experiments with
the present catalysts were performed in conjunction with microwave heating.
The catalytic results of this study are summarised in Table 2. Under the
catalytic conditions reported in Table 2, high conversions were obtained even in

a very short time. When electron-poor aryl bromides were used as reagents,
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conversions up to 96% were obtained in a reaction time of only 5 minutes
(Table 2, entries 1-2 and entries 5-6) irrespective of the ligand used. Similar
conversions were achieved with electron-rich aryl bromides prolonging the
reaction time (10 min.) (Table 2, entries 3-4). As already shown (Table 1,
entries 7-8), ligand b, containing a larger akyl chain, is slighty more active than
ligand a (Table 2, entries 3-4). This ligand effect is put in evidence in entry 6
that shows how high conversions can be obtained even with a very small

amounts of Pd complex (0.025 mol%).

Table 2. Palladium-catalysed S-M cross-coupling of aryl bromides R'-Br and

boronic acids R*-B(OH), promoted by microwave heating®

Entry [P-O] t(min.) mol% Pd R’ R? Conv.(%)°
1 a 5 0.05 4-AcCgH, 1-naphthyl 87
2 a 5 0.05 4'ACCGH4 F'CGH4 96
3 a 10 0.05 4-MeOCgH, 1-naphthyl 72
4 b 10 0.05 4-MeOCgH,; 1-naphthyl 86
5 b 5 0.05 4-AcCgH, Ph 90
6 b 5 0.025  4-AcCg¢H, Ph 90

“Conditions: microwave heating with cooling, cat. Pd(OAc)./[P-O], L/Pd (1/1), T
= 150 °C, (300 w), Solvent H,O (3 ml), R'-Br (1.5 mmol), R*B(OH), (1.72

mmol), K,COj3 (3 mmol). °Conversion determined by GC.

In the light of the results obtained with aryl bromides, ligands a and b were
tested with the much less reactive and less expensive 4-chloroacetophenone

substrate. The results obtained are shown in Table 3.
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Table 3. Palladium-catalysed S-M cross-coupling of aryl chlorides R'-Cl and

boronic acids R®-B(OH), promoted by microwave heating®

Entry  [P-O] mol% Pd R’ R Conv.(%)°
1 a 1.0 4-AcCgH, Ph 45
2 a 2.0 4-AcCgH, 1-naphthyl 60
3 a 1.0 4-AcCgH, 4-MeOCgH,4 45
4 b 0.2 4-AcCgH, Ph 30
5 b 0.2 4-AcCgH, 2-formylphenyl 56

4Conditions: microwave heating with cooling, cat. Pd(OAc)./[P-O], L/Pd (1/1), T
=150 °C, (300 w), Solvent H,O (3 ml), t = 10 min., R'-CI (1.5 mmol), R®-B(OH),
(1.72 mmol), L/Pd (1/1), K,CO; (3 mmol). "Conversion determined by GC.

Conversions up to 60 % were achieved using ligand a (Table 3, entry 2) with 2
mol% of Pd complex, while for ligand b conversions up to 56 % were obtained

with 0.2 mol% of Pd complex (entry 5).
4.2.3. Conclusions

Both ligands a and b have been succcesfully used in conjuntion with Pd(OAc),
in the Suzuki-Miyaura cross-coupling reaction of aryl bromides as well as aryl
chlorides in neat and non-deareated water under either, conventional and

microwave heating.

4.2.4. Experimental Section

General Considerations

Deuterated solvents (dichloromethane-d, or chloroform-d,) were used as
purchased from Sigma-Aldrich. Commercial reagents were used as supplied,

unless otherwise stated. 'H-NMR spectra (chemical shifts relative to residual

solvent), were recorded on a Varian Mercury VX 400 MHz or Varian Gemini 300
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MHz spectrometer. Gas cromatografy analyses were run on a Hewlett-Packard
HP 5890A instrument equipped with a Hewlett-Packard HP 366 series Il
integrator, using an HP-5(25 m x 0.25 mm d. i.). Microwave experiments were

performed in a CEM microwave Discover model.
Catalysis

In a 25 mL round botton flask was added ligand a or b (0.05 mol%) to a solution
of K,CO3 (3 mmol) in 3 mL of non-deareated water. This mixure was allowed to
stirr for 5 minutes. Afterwards were added successively aryl bromide (1.5
mmol), arylboronic acid (1.72 mmol) and Pd(OAc), (0.05 mol%). After stitting
the solution at 80 °C for 2 h, the reaction was quenched by cooling it by means
of an ice-bath. In those reactions were microwave heating was employed, the
water solution was heated to 150 °C for 5 or 10 minutes, followed by quenching
the reaction with an ice-bath. The organic product was extracted with CH,Cl, (3
x 15 mL) and the organic extracts were dried over magnesium sulfate, followed
by concentration of the solution to dryness. The catalytic conversion, which is
reported as average value of two analyses, was estimated by GC or 'H-NMR

spectroscopy.
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