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Abstract: When used in combination with an alkali metal hydrogen udxmate or an alkali metal 
acetate, various tetndkylammonium salts can greatly pornore Heck-type nxaions. independently of the 
natme of their anion, provided that the reactions are pdmned in the presence of molecular sieves. In 
particular, teen-n-butylammonium hydrogen sulfate is just ss effective ss tetra-n-butylsmmonium 
cillolidemldertbeseconditions. 

Tetraalkylammonium chloride and bromide have been highly useful for increasing the yield and 

selectivity of Heck-type reactions,1 in contrast to teh-aalkylammonium hydrogen sulfate.2 This could suggest 

that the beneficial effect of quaternary ammonium salt (QX) is more due to its anion X- than to its cation Q+, 

especially since chloride anions can be ligands for zerovalent palladium complexes, even in the presence of 

triphenylphosphine.3-6 

We have recently shown7 that tetra-n-butylammonium hydrogen sulfate, in combination with an alkali 

metal carbonate, can very efficiently promote Heck-type reactions, provided that the latter are performed in the 

presence of water. 
We wish to report herein (i) that n-Bu4NHS04 can also be effective when used in conjunction with an 

alkali metal hydrogen carbonate or an alkali metal acetate but (ii) that, in net contrast with the preceding results,7 

strictly anhydrous reaction conditions are required for the quaternary ammonium salt to provoke the greatest 

acceleration, whatever the natunz of its anion. Indeed, when performed in the presence of molecular sieves, 

palladium-catalysed arylation of methyl acrylate has been efficiently real&d under mild conditions, using a 

combination of MHCO3 or MOAc and a aaaalkylammonium salt, whether the latter was a hydrogen sulfate, a 

bromide or a chloride (scheme 1). 
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As shown in the Table, the reaction can be improved upon addition of hydrated tetra-n-butylammoniu 

chloride,* in the absence of molecular sieves (entry 2 compared to 1 or entry 13 compared to 12). However, the 

reaction yield increase is much more important when using non hydrated tetra-n-butylammonium chloride8 and 

when performing the reaction in the presence of 4A molecular sieves, whether the solvent was acetonitrhe 

(entries 4 and 14) or N,N-dimethylformamide (entries 8 and 18). Under these strictly anhydrous conditions, 

n-Bu4NHS04 proved as efficient as non hydrated n-BuqNCl, whether the inorganic base was MHC03 

(entries 5,6,9 and 10) or MOAc (entries 16 and 19). The beneficial effect of molecular sieves has also been 

confirmed when using commercially available teua-n-butylammonium acetate as the inorganic base (entries 20 

and 2 1). 

In summary, when an alkali metal hydrogen carbonate or an alkali metal acetate is used as inorganic 

base, addition of various tetraalkylammonium salts can greatly enhance the reaction yield, whatever the nature 

of their anion, provided that the reactions are performed under strictly anhydrous conditions (e.g. in the 

presence of molecular sieves). In particular, tetraahcylammonium hydrogen sulfate can then be just as effective 

as tetraalkylammonium chloride or bromide, strongly suggesting that the beneficial effect of the 

tetraalkylammonium salt in Heck-type reactions is mainly dependent upon the presence of its quatemary 

ammonium cation. 

The role of a tetraalkylammonium salt in Heck-type reactions can, a priori, be multiple as the catalytic 

cycle of these reactions involves several elementary steps. 1 However, our previous results7 and the 

observations described herein, - which clearly show a determining influence of the quatemary onium cation,- 

lend strong support for the involvement of a phase transfer catalysis for facilitating the regeneration of the 

zerovalent palladium catalyst. Indeed, the dissociation of the hydridopalladium halide complex (scheme 2)1 

should be more efficiently effected by a phase transfer catalysis when an inorganic base is involved. 

HPd’bX + Base d_ Pd% + BaseH% 

Scheme 2 

The different effect of water observed when using the catalyst systems [Pd/M2CO3/QX]7 and 

H’d/MHCQ3/Wl l4 or [PdiMOAc/QXl I4 might be rationalised by different PTC mechanisms. Indeed, the 

versatile influence of water, which can be beneficial or detrimental in the so-called solid-liquid phase transfer 

catalysis, has been well evidenced in organic processes. 15-lg By analogy, when an alkali metal carbonate is 

used as inorganic base,7 an interphase depmtonation of HPdL2X might be envisaged, with a necessary step of 

the alkali metal carbonate dissolution in an aqueous phase. l7 In contrast, when the reaction is performed in the 

presence of an alkali metal hydrogen carbonate (or an alkali metal acetate) as the base,14 the results are more 

consistent with a solid-liquid phase transfer catalysis involving a decomplexing processl9 (scheme 3) for which 

the driest conditions are by far the most effective.18~19 

[QX30rs + MY,, +- 

Scheme 3 
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TaMe: Whence of teaaakylammonium salts and mokcular sieves in palhdiumsatalysed arylation of methyl 

acrylate using an alkali metal hydrogen carbonate OT acetate as the inorganic base9 

Ill~gZUliC 

base 

Solvent lo QX 
sieves 

1 NaHC03 CH3CN none no 10 

2 11 11 n-BuqNCLxH20 I2 ** 57 

3 ,I I, n-BqNCl l3 ,I 70 

4 II II I, yes 99 

5 11 I, n-Bu4NHS04 11 98 

7 NaHC03 DMF none II 16 

8 0, II n-BuqNCi l3 I, 99 

9 II II n-Bu,@HSOb (1 99 

11 ,I II n-Bu4NEIr II 80 

12 KOAc CH3CN none no 10 

13 II II n-BuqNCLxH20 l2 11 48 

14 

15 

n-BuqNCl l3 

n-Bu4NBr 

yes 

II 

92 

95 

16 11 I, n-B@HS04 II 86 

17 

18 

19 

20 

21 

KOAc 

II 

I, 

n-B@JOAc 

11 

DMF 

II 

,l 

CH3CN 

I, 

none 

n-Bu4NCl l3 

n-B@IHS04 

none 

,I 

15 

94 

92 

60 

98 
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Besides the mechanistic interest, the m msults7~14 may have a synthetic importance by fmther 

enhancing the performance of tetmaIl@mmonium salts in Heck-type reactions. 
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