In the presence of 1-chlorooctane (or 1-chloropropane) 2,6-dimethoxybenzoic acid was obtained in 70% yield (entry 1), comparable to the yield of classical n-BuLi metalations. [START_REF] Levine | [END_REF] When the reaction was conducted in a two-step manner, that is, when the alkylsodium compound was synthesized prior to the addition of 1,3-DMB, only trace amounts (1%) of carboxylic acid were detected. The sterically hindered neopentyl chloride did not give any metalation product, and secondary chloroalkanes gave poor results (entry 2). [3a] As expected, primary bromoalkanes were too reactive toward sodium, even at low temperature. Yet, secondary bromoalkanes, with a lower tendency to undergo Wurtz coupling, gave the desired acid in moderate yield (entry 3). Although alkylsodium compounds react with ethereal solvents much faster than alkyllithium compounds, [START_REF]Alkylsodium compounds react very rapidly with ethereal solvents to afford sluggish reaction mixtures: a) P. Schorigin[END_REF] reaction (1) was efficiently conducted not only in toluene, but also in THF and to a lesser extent in diethyl ether (entries 1 and 5). The thermal instability of alkylsodium compounds [18] did not prevent the reaction using melted sodium to give the metalation product in 20% yield (entry 7). This result emphasizes the exceptional thermal stability of 2,6-dimethoxyphenylsodium. At 15°C, 2,6dimethoxybenzoic acid was formed in modest yields (entry 6). In this case, part of the chlorooctane remained unreacted, and no improvement was achieved by increasing the reaction time. Noteworthy, under optimized conditions, that is, slow addition of 1.2 equiv of pure 1-chlorooctane at room temperature to a mixture of the aromatic substrate and 2.6 equiv of sodium in toluene, the reaction was successfully carried out on a 1-kg scale. Since only few reports exist on the reactivity of sodiated carbanions the ortho-sodiated anion was quenched with various electrophiles. The results proved to be comparable to those reported for conventional commercially available organolithium bases, [19][20][21][22][23] with yields ranging from 52 to 86% (Table 2).

We then tried to extend the scope of our method to other aromatic ethers. 1,2-DMB failed to react under the optimized conditions given above (Table 3, entry 1). Only nonylbenzene arising from solvent metalation was obtained. [24] Changing the solvent from toluene to THF resulted in a complex reaction mixture. When 1-chlorooctane was added over a 3 h period to disfavor Wurtz coupling, the yield was brought to 20% (entry 1). To further favor the heterogeneous reaction, hence the formation of the alkylsodium compound, finely divided micronized sodium was tested. [START_REF]The micronized sodium dispersion refers to sodium dust 100 m[END_REF] Under these conditions, 1,2-DMB underwent clean metalation affording the corresponding carboxylic acid in 80% yield (entry 2). Similar trends were observed with 1,4-DMB and anisole. No acid was formed in toluene or THF until micronized sodium dispersion was used (entries 3 and 4). The slow metalation of anisole might account for the modest 45% yield obtained. [26] Heterocyclic systems known to easily undergo -metalation, such as thiophene and benzofuran, were successfully metalated using sodium sand dispersion (entries 5 and 6). [27] Not surprisingly, [28] other aromatic compounds bearing electron-withdrawing groups, like oxazolines, secondary and tertiary amides, invariably failed to undergo metalation. [12b, 29] In these cases, metallic sodium reacts with the aromatic ring to form complex mixtures even prior to the addition of the chlorooctane. The three-component heterogeneous ortho-metalation presented here involves a complex set of equilibria. The desired path will be followed as soon as the aromatic derivative to be metalated will efficiently trap the in situ formed alkylsodium compound. In other words, the extent of side reactions indebted to the alkylsodium compound, that is homo-coupling and solvolysis, has to be minimized. This holds as long as the substrate bears a readily labile hydrogen as in the case of thiophene or benzofuran (see Table 3, entries 5 and6). Nevertheless, the substrate acidity alone cannot account for our experimental results as studies by Schlosser and Maggi of the relative rates of the metalation of the DMB isomers with s-butyllithium in THF gave the order 1,4-1,3-1,2-DMB. [30] 1,3-DMB is the only substrate that reacts with the sodium sand dispersion, although 1,4-DMB undergoes proton abstraction with ease. Hence, an additional parameter that influences the whole process has to be taken into account. We believe the ortho-metalation step takes place on the metallic surface within the coordination sphere of the alkylsodium molecules progressively formed (Scheme 1), whereby the substrate is driven onto the surface as a result of its affinity for Na + .

Literature and our experimental data strongly support this hypothesis. If the abilities of lithiated and of sodiated alkyl bases to coordinate to aromatic ethers are assumed to be similar, anisole binds weakly to an alkylsodium compound whereas 1,3-DMB and an alkylsodium compound form a strong complex. [START_REF] Mcmahon | in addition, the binding energies for Na + -1,2-dimethoxyethane and Na + -dimethyl ether in the gas phase were measured and calculated; the affinity is stronger in the case of the cyclic bridged chelate (39.4 and 17.6 kcalmol -1 , respectively)[END_REF] 1,3-DMB bears a labile hydrogen and binds Na + tightly, [30,32] ortho-metalation on the sodium surface will be highly favored, and the reaction will proceed even with sodium sand. Interestingly, 1,3-DMB forms a strong complex with Na + as the reaction can be successfully carried out in weakly coordinating solvents such as THF or diethyl ether (Table 1, entries 5 and6). [33,34] In contrast, anisole binds Na + weakly and reacts very slowly with strong bases. [26] As a result, the amount of anisole on the sodium sand surface is low, and alkylsodium molecules will be slowly released in the solution. While Wurtztype products (nonylbenzene and hexadecane) will form in toluene, alkylsodium compounds will decompose rapidly in THF and no ortho-metalation is observed. Since both 1-chlorooctane and anisole compete for the occupation of the metallic surface, complex A will more likely form if the specific area of the metal is increased and/or if the chlorooctane concentration is kept negligible, that is, when the amount of B is made as low as possible (Scheme 1; Table 3, entry 4). [START_REF]The fact that very slow addition of the chlorooctane led to some product formation ruled out the hypothesis that the higher reactivity observed with the micronized dispersion is a consequence of a different origin of the sodium dispersions[END_REF] The behavior of 1,2-and 1,4-DMB lies between these two extreme cases; they show intermediate reactivity toward the sodium/alkyl chloride metalation system. 1,4-DMB is metalated very efficiently, [30] while its affinity for Na + is close to that of anisole. On the other hand, 1,2-DMB coordinates to Na + quite strongly [32b] but reacts very slowly with strong bases. [30] Low reactivity and low affinity prevent ortho-metalation in the presence of sodium sand (Table 3, entry 1). Nevertheless, the reaction proceeds with ease when the specific area of sodium is increased (Table 3, entries 2 and 3). Besides, the low reactivity of secondary chloroalkanes and the failure of the reaction at low temperature can be ascribed to the fact that the disruption of the sodium particles into smaller aggregates caused by the heat released during the alkylsodium formation is inhibited. [START_REF] Morton | The composition of these aggregates was analyzed[END_REF] The formation of secondary alkylsodium compounds is much less exothermic, [3a] so the metallic surface is more and more shielded as NaCl is progressively formed on it; the result of this is a poor metalation efficiency (Table 1, entries 2 and6). This hypothesis is corroborated by the unaltered aspect of the sodium dispersion at the end of the reaction. In conclusion, we have demonstrated that alkylsodium compounds are synthetically useful reagents. Our process requires only inexpensive and readily available reagents. Transportation, storage, and handling of sensitive and dangerous organolithium bases are also avoided. This sodium / chlorooctane-mediated metalation opens new prospects for the metalation of aromatic ethers and heterocycles in laboratories and in the industry. [37] Investigations are currently underway to extend the strategy to the metalation of aromatic derivatives containing electron-withdrawing groups.

Experimental Section

Preparation of the sodium dispersion: The quantity of sodium needed was cut off in small pieces from metal sticks, washed with hexane, and immediately added to dry toluene (35 mL per g Na) under inert atmosphere in a three-necked flask equipped with a condenser, a mechanical stirrer and a dropping funnel. The temperature was raised to 110°C under gentle stirring until the metal fusion was complete (a uniformly bright metal was obtained). The mixture was then cooled to room temperature under vigorous stirring until a finely divided sodium dispersion was obtained. The dispersion usually consisted of small round gray particles of roughly 1 mm size.

Typical metalation procedure: The aromatic substrate (1 equiv) was added to the sodium dispersion (2.6 equiv) at room temperature. A small portion (roughly one tenth of 1.3 equiv) of the alkyl halide was added drop-wise to initiate the reaction. The reaction initiated within 2 ± 5 min and was characterized by a slight increase of the temperature. The remaining alkyl halide was then added at constant temperature (if necessary, the reaction was cooled). Metalation was monitored by the slow disappearance of sodium and was usually complete within one to two hours. The electrophile was finally added to the mixture at room temperature and allowed to react for a period ranging from two to ten hours depending on the electrophile.