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Abstract: Supported palladium complex on zirconium phosphite-phosphonate was made from
triphenyiphosphine phosphonic acid. The supported catalyst showed significant selectivity in the
competitive Heck reaction between iodobenzene and different iodobenzoates. The reaction seems to
take place between the lamellar of the catalyst © 1997 Elsevier Science Ltd.

Increasing interest has been devoted in the last few years to the using of supported catalysts for organic
reactions.! Zirconium-phosphate has been until now scarcely used as support.2 However, materials of the
zirconium-phosphate family have a number of advantages, one of the noted characteristics of these compounds
is their predictable structure skeletons.? Other important features are the simple reaction steps required to make
then and the ability to affix the various organic groups on a solid support according to the Alberti's method
which involves the reaction between zirconium chloride octahydrated and a phosphonic acid.4

In this communication, we describe the synthesis and the use of a new microporous organo-inorganic
material, which possesses a palladium complex anchored to the inorganic sheet with covalent bonds.

The first step of this work was the synthesis of the phosphonic acid 3 according a way different from one
described recently’ , while our own work was in progress (Scheme 1). We synthesised the phosphonate 2
from the phosphine® 1 by means of a palladium assisted phosphonation.” This phosphonate was transformed
to the phosphonic acid 3 according to the Mc Kenna's method.8
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Scheme 1 : synthesis of phosphonic acid 3

The phosphonic acid was complexed with palladium chloride in DMF according the method described for
triphenylphosphine.? The resulting complex 4 was a polymer which is soluble in aqueous hydrochloric acid.
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This solution of complex was used for the synthesis of the material described below. In the literature!0
H3PO3 was sometimes added to the mixture of phosphonic acid and zirconium chloride during the preparation
of the material with the intention to use it as spacer which can increase the porosity of zirconium phosphonate.
We used this methodology!! for the preparation of palladium supported material 5. The theoretical structure
should be layered (Fig. 1). The palladium complex 4 which possesses two phosphonic functions, can be
bonded to the same plane of zirconium sheet by the two phosphonic functions or, on the contrary, bonded by
their functions to the same plane. Thus, the resulting material possesses a great complexity and X ray powder
diffraction pattern appears diffused. Nevertheless, the NMR MAS 3!P (Fig. 2) gives 3 signals : 4.8
((Zr0)3P-C)12, -15.9 (ZrO)3P-H and -18.1 (Ar3P-PdCl2) and microanalysis!3 indicates the following
composition : Zr(HPO3)1 84 (C36H18CI206P4Pd)0,08 (H20)0,31.The FT-IR spectra show a characteristic
band at 2400 cm-! corresponding to P-H vibration. 14

In a second step, we used the material § for the preparation of a supported catalyst 6 (Fig. 3) which was
tested in a Heck type reaction which involves aryl iodides and methyl acrylate!5 (Scheme 2).
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Supported catalyst 6 is obtained by reduction of palladium (II)

complex to palladium (0) by triethylsilane and is active in Heck reaction.
t
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We shown that the catalyst can be recovered by decantation or

centrifugation of the reactional mixture and can be reused without /\j \

significant lost of activity if it is kept under inert atmosphere. In the

presence of oxygen the activity of 6 was lost. Thus, the conversion rate o 0 -10  -20 -30 -4D

was always about 87 % after 4 reuses. Fig. 2: *'P MAS NMR of compound 5
No leaching of palladium in solution was observed, the small desactivation was attributed to the

introduction of traces of oxygen during the manipulations. The reaction was monitored by GC and a total

conversion of the iodobenzene was obtained after 24 h.
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Scheme 2 : Heck reaction

In order to investigate the possible shape selectivity!6 due to a possible microporous structure of the
supported catalyst 6, competitive arylation reactions!? were performed using two different aryl iodides :
iodobenzene and methy! iodobenzoate or iodoanisoles (Scheme 3).
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Scheme 3 : Competitive Heck reaction

We used the same experimental procedure as that described above with 1 equivalent of each substrate and
1.2 equivalent of methylacrylate. The ratio A/B of the products was determined by GC analysis after 24 h. The

results obtained with 6 (Table 1) were compared with those obtained for a reaction performed in homogeneous
conditions with bis(triphenylphosphine)palladium 8 as catalyst obtained by the reduction by Et3SiH of the

corresponding dichloride [(PPh3)2PdCl2] and with bis(triphenylphosphine)palladium supported on
polystyrene (Fig. 4) prepared previously from 7 in our laboratory!8.
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The selectivity with the catalyst on the polymer and under homogeneous
catalysis with 8 are similar, it is not the case with 6.

This comparative study (Table 1) indicates that the catalyst 6 induces a
selectivity in favour of the iodoaromatic with the smallest size, in particularly
we notice that the effect is more important for the larger molecules 3-
jodobenzoate or 3-iodoanisole than the sterically more hindered 2-
iodobenzoate and 2-iodoanisole (see Fig. 5).

Table 1: selectivity of Heck reaction

R Shomo Shetero Sheterolshomo

2-COOCH; 2.0 8.4 4.2
3-COOCH; 0.9 6.8 7.5

4-COOCH,; 1.1 4.3 3.9
2-OCH,4 1.3 4.1 3.7
3-OCH;3 0.8 33 4.1
4-OCH; 0.8 3.0 3.1

| J

=selectivity=A/B
Shome: selectivity under homogeneous conditions with 8

3-COOCH,

Shetero: Selectivity under heterogeneous conditions with 6

This observation means that this catalyst has active sites not only on the surface but also inside the

lattice attainable owing to the porosity of this catalyst which should have a layered structure. According to the

typical work-up we have also synthesised materials without spacer or with phosphate as spacer. In the first
case, the resulting material was used for the competitive reactions [after reduction of palladium (II) to palladium
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(0)], and no significant shape selectivity was observed. This result indicates that the phosphorous acid which
acts as a spacer, has a dramatic importance in order to induce a shape selectivity. In the second case, the
material does not catalyst the Heck reaction. That is probably due to the acidity of the hydroxyl groups coming
from phosphates and hanging in the interlayer space.

This preliminary work has shown that palladium catalyst anchored by covalent bonds to zirconium-
phosphite sheet is efficient for Heck reactions and is easily recoverable. We have also shown that a shape
selectivity takes place at the time of competitive conditions if the catalyst sites are spaced by phosphorous
groups.

References and notes

1 Lazlo, P. (ed), 'Preparative Chemistry Using Supported Reagents’, Academic Press, London, 1987 ;
Smith, K. 'Solid Supports and Catalysts in Organic Synthesis’'. Elis Horwood, Chichester, 1992.

2 Bone, S.; Evans, D.G.; Perriam, J.J.; Slade, R.C.T., Angew. Chem. Int. Ed. Engl., 1996, 35, 1850-

1852; Lane, R.H.; Callahan, K.P.; Cooksey, R.; Dines,P.M.; Griffith, P.C. Prepr. Am. Chem. Soc.,
Div. Pet. Chem., 1982, 27, 624-631 (C.A., 101: 130760n) ; Dines,M.B.; DiGiacomo, P.M.;
Callahan, K.P. US Pat. 4,384,981, (1981) (C.A., 99: 121445b) ; Callahan, K.P.; Dines, M.B. US
Pat. 4,983,564 (1984) (C.A., 115: 51412m)

Clearfield, A. ; Smith, G.D. Inorg. Chem., 1969, 8, 431-436.

Alberti, G.; Costantino, U.; Allulli, S.; Tomassini, N. J. Inorg. Nucl. Chem., 1978, 40, 1113-1117
Schull, T.L.; Fettinger,J.C.; Knight, D.A. Inorg. Chem., 1996, 35, 6717-6723.

Ravindar, V.; Hemling, H.; Schumann, H.; Blum, J. Synth. Commun., 1992, 22, 841-851.

Hirao,T.; Masunaga,T.; Yamada, N. Y. Ohshiro, N.Y.; Agawa, T. Bull. Chem. Soc. Jpn., 1982, 55,

909-913. Under argon atmosphere, dichlorobis(triphenylphosphine)palladium (0.17 mmol),

triethylsilane (0.17 mmol) and 2 m! of toluene were refluxed for 5 min. in order to reduce palladium (IT)

complex to palladium (0). Phosphine 1 (3.45 mmol), diethylphosphite (3.47 mmol) and triethylamine

(3.5 mmol) in solution of toluene (6 mL) of toluene were added. The solution was refluxed for 22

hours, washed and purified by column chromatography to offer the phosphonate 2 with 56 % yield.

McKenna, C.E.; Higa M.T.; Cheung,N.H.; McKenna, M.C. Tetrahedron Lett., 1977, 155-58.

9 To a solution of phosphonic acid 3 in 100 mL of DMF under argon atmosphere, we added palladium
dichloride (4.7 mmol) and the solution was stirred for 24 h. Evaporation of the solvent under vacuum
afforded the palladium complex 4 as a polymeric form in 98% yield ; Roffia, P.; Conti, F.; Gregori, G.
Chem. Ind. (Milan), 1971, 53, 361-362.

10 Yang, C.Y.; Clearfield, A. React. Polymers, 1987, 5, 13-21.

11 In atypical experiment, the palladium complex 4 (1.25 mmol) and phosphorous acid (15 mmol) were

dissolved, under argon, in 110 m! of HCI 4.3 M. A solution of zirconium chloride octahydrated (8.3

mmol) in 15 ml of water was added dropwise. The resulting suspension was heated for 3 days. The

greci itate was filtered off, washed with water to afford, after air drying, 3.25 g of orange solid ( 5).
12 Clayden, N.J. J. Chem. Soc. Dalton Trans., 1987, 1877-1881.

13 Found. %:H:14;Cl:4.46;P:19.55,7Zr:27.12 ;Pd:3.38 ; C: 10.27

14 Dines, M.B.; DiGiacomo, P.M.; Callahan, K.P.; Griffith, P.C.; Lane, R.H.; Cooksey, R.E. A.C.S.
Symp. Ser., 1982, 192, 223-240

15 The catalyst 5 (20 mg), triethylsilane (0.01 ml) and toluene (1 ml) are placed under argon in a Schlenk
tube. The solution was refluxed for 30 min. in order to reduce the palladium (IT) complex to palladium
(0). Iodobenzene (1 mmol), methyl acrylate (0.13 ml, 1.5 eq.) and triethylamine (0.21 mi, 1.5 eq.) in
2 ml of toluene were then added and the reflux was continued for 24 h. After hydrolysis and
purification by column chromatography, the methyl cinnamate was isolated with 92 % yield.

16 Csicsery, S.M. Zeolites , 1984, 4, 202-213 ; Csicsery, S.M. Pure Appl. Chem.,1986, 58, 841-856;
Chen, N.Y.; Garwood, W.E. Cat. Rev. Sc. Eng., 1986, 28, 185-264; Y. Sugi Y.; Toba, M. Cat.
Today, 1994, 19, 187-212.

17 Choudary, B.M.; Ravichandra Sarma, M.; Rao, K.K. Tetrahedron letters, 1990, 31, 5781-5784.

18 Villemin, D.; Gossu, D. Heterocycles, 1989, 29, 1255-1291.
19 CAChe Scientific, Oxford Molecular Group Inc.

NN nba W

[«

(Received in France 9 June 1997; accepted 20 July 1997)



