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In this communication, we report that by running Mizoroki—
Heck reactions of various aryl iodides in toluene-DME, only
extremely low amounts of supported Pd (0.04 mequiv.) are
required to obtain almost quantitative yields. The catalyst
was reused successfully up to three times.

Transition metal catalyzed cross-coupling is one of the most
powerful reactions for the formation of new C-C bonds.' Among
them, the Pd catalyzed Mizoroki-Heck coupling forms efficiently
alkenyl-aryl bonds.?> It finds widespread applications for the
preparation of key building blocks for the syntheses of elaborated
molecules possessing interesting pharmacological,® biological* or
physical properties.®

Although Mizoroki-Heck reactions are usually performed by
coupling aryl iodides or bromides® with alkenes in the presence
of 10-50 mequiv. of a soluble Pd catalyst,” several groups have
reported Mizoroki—Heck reactions involving only 0.1 mequiv. or
even less of highly active homogeneous Pd catalysts.** However
in most cases, these catalysts are not commercially available,
their preparation requiring several steps®” and they cannot be
recovered from the reaction medium.? In the last decade, reusable
Pd catalysts, designed to overcome the high costs of Pd salts
or complexes have been reported for Mizoroki-Heck reactions.
Usually, 5-50 mequiv. of Pd are required,'® however some groups
have performed couplings with 0.1 mequiv. or even less of
precious metal.'! We have recently reported a short and easy
route to phosphinomethylpolystyrene-supported Pd catalysts™
for the Suzuki coupling of the unreactive aryl chlorides,’ the
Sonogashira reaction'?® and, in particular, we have shown that the
Mizoroki-Heck coupling from aryl iodides proceeds efficiently in
MeCN in the presence of 1.5 mequiv. of supported Pd (catalyst
1b containing 0.3% of Pd)."” Upon reoptimizing the conditions
we found thatin a 2: 1 toluene-DMF mixture almost quantitative
yields were obtained in the presence of extremely low amounts' of
supported Pd (0.04 mequiv.) and that the catalyst could be reused.
We would like to present here these results.

According to our previously published procedures'® the
polystyrene-supported Pd catalysts 1a and 1b were prepared in
two steps (Scheme 1). It is important to note that these catalysts
could easily be prepared on a 20 g scale and that they are air- and
moisture-stable.

Todobenzene (R' = H) and methyl acrylate were chosen as model
substrates and a screening of solvents was performed (Table 1).
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Table 1 Screening of solvents

N
_

___CO;Me
N 1a (0.03 mequiv.) Rw_;@/_J
—N Et;N, Solvent I
CO;Me 100 °C, 12 h a4

Entry*  Catalyst Solvent® Yield (%)°
1 la Toluene/DMF (2:1) 91 (98)¢
2 la Toluene/Formamide (2:1)  No reaction®
3 la Toluene 10
4 1a DMF 4
5 la DMA 23
6 la MeCN 21
7 la Dioxane 6
8 1b Toluene/DMF (2: 1) 91
9 PdEncat NP30  Toluene/DMF (2:1) 77
10 Pd(PPh,), Toluene/DMF (2: 1) 84

“ Reactions performed with 1.0 equiv. (10 mmol) of iodobenzene, 2.0 equiv.
of methyl acrylate, and 1.2 equiv. of Et;N. * 1% of H,O was added to the
reaction medium to assure reproducibility. ¢ Isolated yields by filtration
of the crude reaction mixture on silica gel. ¢ Reaction performed in the
presence of 0.04 mequiv. of supported Pd. ¢ lodobenzene was recovered
unchanged.

1) Li, THF, rt
2) Merrifield resin, rt Pd
Ph, 3) Pd(PPhs),, toluene, rt .
P-CI ! R1
R P

I

Ph
1a: R' = t-Bu (%Pd = 0.1)

Polystyrene-DVB copolymer
O Geet b 1b:R" = Ph (%Pd = 0.1)

Scheme 1 Syntheses of catalysts 1a and 1b.

In a 2:1 mixture of toluene-DMF only 0.03 mequiv. of
supported Pd were sufficient to afford 2a in a 91% yield (entry 1).
Increasing the Pd content of la from 0.1% to 1% did not
modify the amount of supported Pd required. The use of a
toluene/formamide mixture gave no reaction and iodobenzene
was recovered unchanged (entry 2). Performing the reaction either
in toluene or DMF alone or in other polar solvents afforded 2a
in only poor yields (entries 3-7). The replacement of the zert-
butylphenylphosphino group by the diphenylphosphino group
gave also 2a in an almost quantitative yield (entry 8). Good results
were also obtained by using PdEncat NP30' or Pd(PPh;), (entries
9-10). The reason of the excellent reactivity of catalysts la-b,
PdEncat NP30 and Pd(PPh;), for the Mizoroki-Heck reaction
seems to be the use of this particular solvent mixture.'s

To determine the possibility to reuse catalyst 1a, the reaction
was filtered on a membrane (for further details see ESIT) and
the catalyst was washed and directly reused in another Mizoroki—
Heck coupling (Table 2). It turned out that after three uses, yields
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Table 2 Recycling test of catalyst 1a

Run“* 1 2 3 4

Yield (%) 98 93 98 61

“ Reactions performed with 1.0 equiv. (10 mmol) of iodobenzene, 2.0 equiv.
of methyl acrylate, 1.2 equiv. of Et;N and 0.04 mequiv. of supported Pd.
2 1% of H,O was added to the reaction medium to assure reproducibility.
“Isolated yields by filtration of the crude reaction mixture on silica gel.

Table 3 Syntheses of alkenes

Entry*-® R Product Yield (%)°
1 H 2a 99
2 4-Me 2b 91
3 3-Me 2c 99
4 2-Me 2d 99
5 4-OMe 2e 96
6 2-Br 2f 99
7 4-Ac 2g 98
8 3-CF; 2h 99
9 2-CO,Et 2i 97

“ Reactions performed with 1.0 equiv. (10 mmol) of aryliodide, 2.0 equiv. of
methyl acrylate, 1.2 equiv. of Et;N and 0.04 mequiv. of supported Pd. * 1%
of H,0 was added to the reaction medium. ¢ Isolated yields by filtration of
the crude reaction mixture on silica gel.

were superior to 90% but after the fourth use, 2a was obtained
in a lower 61% yield. Similar results were obtained with catalyst
1b. The amount of Pd leached in the reaction mixture was then
determined after complete mineralization of the filtrate at the end
of the coupling.'?® We found that ca. 5 microequivalents of Pd were
present in the filtrate. The presence of only negligible amounts
of Pd in the reaction medium could be of notable practical
importance, avoiding costly purification steps.

The scope of the Mizoroki-Heck reaction was then evaluated
by reacting methyl acrylate with various aryl iodides in the
presence of catalyst 1a (Table 3).' Electron-rich or electron-
deficient aryl iodides gave alkenes 2a—i with excellent isolated
yields. The sterically moderately hindered 2-iodotoluene and 1-
bromo-2-iodobenzene afforded the corresponding alkenes in 99%
yields (entries 4 and 6). In all cases, only the (E)-alkenes were
obtained.

In conclusion, Mizoroki-Heck reactions performed in the
presence of only tiny amounts of a supported Pd catalyst, which
moreover is reusable, are of considerable practical and therefore
industrial significance. This also fulfils the environment-related
preoccupation of preservation of scarce natural resources.

Acknowledgements

We thank the Centre National de la Recherche Scientifique
(CNRS), the Région Alsace and the Ministere de ’Enseignement
Supérieur et de la Recherche for grants to C. Diebold and
S. Schweizer. We are also grateful to Dr D. Le Nouén (FRE-CNRS
3253) for NMR spectra and to A. Messadi for helpful technical
assistance.

Notes and references

1 (a) F. Diederich, P. J. Stang, in Metal-Catalyzed Cross-Coupling
Reactions, Wiley-VCH, Weinheim, 1998; (b) J. Tsuji, in Palladium

Reagents and Catalysts: New Perspectives for the 21st Century, John
Wiley and Sons Ltd: New York, 2004; (¢) H.-U. Blaser, A. Indolese, F.
Naud, U. Nettekoven and A. Schnyder, Adv. Synth. Catal., 2004, 346,
1583; (d) K. C. Nicolaou, P. G. Bulger and D. Sarlah, Angew. Chem.,
Int. Ed., 2005, 44, 4442,

2 (a)R. F. Heck and J. P. Nolley, Jr., J. Org. Chem., 1972, 37,2320; (b) 1. P.
Beletskaya and A. V. Cheprakov, Chem. Rev., 2000, 100, 3009; (¢) N. J.
Whitcombe, K. K. Hii and S. E. Gibson, Tetrahedron, 2001, 57, 7449;
(d) A. de Meijere and F. E. Meyer, Angew. Chem., Int. Ed. Engl., 1995,
33, 2379.

3 (@) S. J. Danishefsky, J. J. Masters, W. B. Young, J. T. Link, L. B.
Snyder, T. V. Magee, D. K. Jung, R. C. A. Isaacs, W. G. Bornmann,
C. A. Alaimo, C. A. Coburn and M. J. Di Grandi, J. Am. Chem. Soc.,
1996, 118, 2843; (b) K. C. Nicolaou, E. J. Sorensen, in Classics in Total
Synthesis, Wiley-VCH, New York, 1996.

4 (a) A. Héberli and C. J. Leumann, Org. Lett., 2001, 3, 489; (b) T. R.
Burke Jr., D.-G. Liu and Y. Gao, J. Org. Chem., 2000, 65, 6288.

5 L. F. Tietze, G. Kettschau, U. Heuschert and G. Nordmann, Chem.—
Eur. J., 2001, 7, 368.

6 Aryl iodides or bromides can be replaced by arenesulfonyl chlorides
that undergo desulfitative Mizoroki—-Heck reactions in the presence of
Pd catalysts: (a) S. R. Bubbaka, D. B. Zhao, Z. F. Fei, C. M. R. Volla,
P. J. Dyson and P. Vogel, Synlett, 2006, 3155; (b) S. R. Dubbaka and P.
Vogel, Chem.—Eur. J., 2005, 11, 2633.

7 For Mizoroki-Heck type reactions between alkenes and aryl boronic
acids see: (@) X. Du, M. Suguro, K. Hirabayashi, A. Mori, T. Nishikata,
N. Hagiwara, K. Kawata, T. Okeda, H. F. Wang, K. Fugami and M.
Kosugi, Org. Lett., 2001, 3, 3313; (b) M. M. S. Andappan, P. Nilsson
and M. Larhed, Chem. Commun., 2004, 218; (c) J. Lindh, P--A. Enquist,
A. Pilotti, P. Nilsson and M. Larhed, J. Org. Chem., 2007, 72, 7957,
(d) J. H. Delcamp, A. P. Brucks and M. C. White, J. Am. Chem. Soc.,
2008, 130, 11270.

8 (@) X. Cui, J. Li, Z.-P. Zhang, Y. Fu, L. Liu and Q.-X. Guo, J. Org.
Chem., 2007, 72, 9342; (b) M. T. Reetz and J. G. de Vries, Chem.
Commun., 2004, 1559; (¢) A. H. M. de Vries, J. M. C. A. Mulders,
J. H. M. Mommers, H. J. W. Henderickx and J. G. de Vries, Org. Lett.,
2003, 5, 3285; (d) Q. Yao, E. P. Kinney and Z. Yang, J. Org. Chem., 2003,
68, 7528; (e) Z. Xiong, N. Wang, M. Dai, A. Li, J. Chen and Z. Yang,
Org. Lett., 2004, 6, 3337; (f) C. Najera, J. Gil-Molto, S. Karlstrom and
L. R. Falvello, Org. Lett., 2003, 5, 1451; (g) Y. Wu, J. Hou, H. Yun,
X. Cui and R. Yuan, J. Organomet. Chem., 2001, 637-639, 793; (h) K.
Takenaka, M. Minakawa and Y. Uozomi, J Am. Chem. Soc., 2005,
127, 12273; (i) S. Sjovall, O. F. Wendt and C. Andersson, J. Chem. Soc.,
Dalton Trans., 2002, 1396; (j) M. Ohff, A. Ohff and D. Milstein, Chem.
Commun., 1999, 357; (k) M. S. Yoon, D. Ryu, J. Kim and K. H. Ahn,
Organometallics, 2006, 25, 2409; (/) K. Takenaka and Y. Uozomi, Adv.
Synth. Catal., 2004, 346, 1693.

9 For Pd- and phosphine-free Mizoroki-Heck reactions using iron
catalysts see: R. Loska, C. M. R. Volla and P. Vogel, Adv. Synth. Catal.,
2008, 350, 2859.

10 (a) C. Luo, Y. Zhang and Y. Wand, J. Mol. Catal. A: Chem., 2005, 229,

7, (b) V. Calo, A. Nacci, A. Monopoli, A. Fornaro, L. Sabbatini, N.

Cioffi and N. Ditatanto, Organometallics, 2004, 23, 5154; (¢) F. T. Luo,

C. Xue, S.-L. Ko, Y.-D. Shao, C.-J. Wu and Y.-M. Kuo, Tetrahedron,

2005, 61, 6040; (d) V. Chandrasekhar and A. Athimoolam, Org. Lett.,

2002,4,2113; (e) R. Xing, Y. Liu, H. Wu, X. Li, M. He and P. Wu, Chem.

Commun., 2008, 6297; (f) M. Trilla, R. Pleixats, M. Wong, Chi Man,

C. Bied and J. J. E. Moreau, 4Adv. Synth. Catal., 2008, 350, 577; (g) M.

Lakshmi Kantam, K. B. Shiva Kumar, P. Srinivas and B. Sreedhar,

Adv. Synth. Catal., 2007, 349, 1141; (h) N. Iranpoor, H. Firouzabadi

and R. Azadi, Eur. J. Org. Chem., 2007, 2197; (i) V. Polshettiwar and

A. Molnar, Tetrahedron, 2007, 63, 6949.

(a) S. S. Prockl, W. Kleist and K. Kohler, Tetrahedron, 2005, 61, 9855;

(b) C. Evangelisti, N. Panziera, P. Pertici, G. Vitulli, P. Salvadori, C.

Battochio and G. Polzonetti, J. Catal., 2009, 262, 287; (¢) H. Hagiwara,

Y. Sugawara, T. Hoshi, T. Suzuki, Chem. Commun. 2005, 2942; (d) Z.

Zhang and Z. Wang, J. Org. Chem., 2006, 71, 7485; (¢) K. Lin, M.

Song, D. Cai, X. Hao and Y. Wu, Tetrahedron Lett., 2003, 44, 3955;

(f) B. Karimi and D. Enders, Org. Lett., 2006, 8, 1237.

12 (a) S. Schweizer, J.-M. Becht and C. Le Drian, Tetrahedron, 2010,
66, 765; (b) S. Schweizer, J.-M. Becht and C. Le Drian, Adv. Synth.
Catal., 2007, 349, 1150; (c¢) 1. Fenger and C. Le Drian, Tetrahedron
Lett., 1998, 39, 4287; (d) S. Schweizer, J.-M. Becht and C. Le Drian,
Org. Lett., 2007, 9, 3777; (e) S. Schweizer, J.-M. Becht, C. Le Drian,
Fr. Patent FR2914867, Application Nr. 2007-54500, April 16/2007;

1

—_

This journal is © The Royal Society of Chemistry 2010

Org. Biomol. Chem., 2010, 8, 4834-4836 | 4835


http://dx.doi.org/10.1039/C0OB00523A

Downloaded by VERNADSKY NATIONAL LIBRARY OF UKRAINE on 13 October 2010

Published on 09 September 2010 on http://pubs.rsc.org | doi:10.1039/COOB00523A

View Online

PCT Extension FR2008/050639, April 11/2008 (University of Haute
Alsace/CNRS).

13 All these reactions were run in reaction vessels which were beforehand
thoroughly cleaned to avoid any contamination by traces of Pd.

14 (a) C. Ramarao, S. V. Ley, S. C. Smith, I. M. Shirley and N. DeAlmeida,
Chem. Commun., 2002, 1132; (b) S. V. Ley, C. Ramarao, R. S. Gordon,
A.B.Holmes, A. J. Morrison, I. E. McConvey, I. M. Shirley, S. C. Smith
and M. D. Smith, Chem. Commun., 2002, 1134.

15 Only traces of 2a were observed by replacing iodobenzene with
bromobenzene (catalyst 1a).

16 Syntheses of Alkenes 2a—i. Catalyst 1a (prepared according to reference
12d, 42.5 mg, 0.04 mequiv. of Pd) was added to a solution of aryl
iodide (10 mmol, 1.0 equiv), methyl acrylate (1.81 mL, 20 mmol,
2.0 equiv) and Et;N (1.67 mL, 12 mmol, 1.2 equiv) in a mixture of
toluene (16 mL), DMF (8 mL) and H,O (0.25 mL). The reaction
mixture was heated at 100 °C for 20 h. After cooling to rt, 1a was
filtered off under vacuum. The mixture of solvents was concentrated
under vacuum and the residue was purified by flash-chromatography
on silica gel to afford pure alkenes after drying under vacuum
(0.1 mbar).

4836 | Org. Biomol. Chem., 2010, 8, 4834-4836

This journal is © The Royal Society of Chemistry 2010


http://dx.doi.org/10.1039/C0OB00523A

