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TMSCH2Li and TMSCH2Li-LiDMAE: Efficient Reagents for Noncryogenic Halogen-Lithium Exchange in Bromopyridines



SCHEME 1. Literature



Metal-Halogen Exchanges Reported in the
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TMSCH2Li and TMSCH2Li-LiDMAE have been used efficiently for bromine-lithium exchange in 2-bromo-, 3-bromo-, and 2,5-dibromopyridines under noncryogenic conditions, while low temperatures (-78 to -100 °C) are always needed with n-BuLi. The aminoalkoxide LiDMAE induced a remarkable C-2 selectivity with 2,5-dibromopyridines in toluene at 0 °C, which was unprecedented at such a temperature. The lithiopyridines were successfully reacted with electrophiles also under noncryogenic conditions giving the expected adducts in good yields. Metal-halogen exchange in 2,5-dibromopyridine 3 has been the subject of much attention motivated by the usefulness of this doubly reactive intermediate for the synthesis of ligands1,2 and biologically active compounds.3 First studies by Parham4 and further developments by other groups1,2 clearly established that the C-5 position could be lithiated selectively with n-BuLi in THF at -78 or -100 °C (Scheme 1, eq 1). In contrast, Wang5 reported the control of the C-2 lithiation to be more problematic. Due to the instability of 2-lithio-5bromopyridine, careful attention to reaction temperature (-50 † ‡
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SCHEME 2. Metalation of Electrophilic Halogenopyridines with TMSCH2Li-LiDMAE



or -78 °C), solvent (toluene), as well as dilution was needed to avoid C-2 to C-5 isomerization and degradation (Scheme 1, eq 2). An alternative to this sensitive lithiation process has been reported recently by Song,6 who realized the magnesium halogen exchange at C-2 under noncryogenic conditions (0 °C) using i-PrMgCl in THF. The reaction proceeded smoothly allowing the preparation of a range of C-2-substituted derivatives. However, since the magnesation of 2,5-dibromopyridine was known to occur mainly at C-5,7 the authors had to exchange bromine at C-2 for iodine to direct the reaction toward the desired position, thus implying an additional step and added expense to the transformation (Scheme 1, eq 3). Thus, the search for new reagents able to promote the clean bromine-lithium exchange in pyridines under easily applicable conditions remains challenging. Recently, we have reported a new lithiating agent TMSCH2Li-LiDMAE (with LiDMAE ) Me2N(CH2)2OLi)8-10 which promoted the clean C-6 deprotonation of chloropyridines and even of the highly sensitive fluoropyridines at 0 °C when used in hexane (Scheme 2).8 This unprecedented reactivity contrasted with those of our previous reagent BuLi-LiDMAE for which low temperatures (-78 to -100 °C) were needed to prevent concomitant nucleophilic addition.11 This high level of functional tolerance at 0 °C led us to consider TMSCH2Li for the selective bromine-lithium exchange in 2,5-dibromopyridine under noncryogenic conditions. (6) Song, J. J.; Yee, N. K.; Tan, Z.; Xu, J.; Kapadia, S. R.; Senanayake, C. H. Org. Lett. 2004, 6, 4905. (7) Trecourt, F.; Breton, G.; Bonnet, V.; Mongin, F.; Marsais, F.; Queguiner, G. Tetrahedron Lett. 1999, 40, 4339. (8) Doudouh, A.; Gros, P. C.; Fort, Y.; Woltermann, C. Tetrahedron 2006, 62, 6166. (9) Gros, P. C.; Doudouh, A.; Woltermann, C. Chem. Commun. 2006, 2673. (10) Gros, P. C.; Doudouh, A.; Woltermann, C. Org. Biomol. Chem. 2006, 4, 4331. (11) Choppin, S.; Gros, P. C.; Fort, Y. Org. Lett. 2000, 2, 803. 10.1021/jo070620j CCC: $37.00 © 2007 American Chemical Society
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TABLE 2. Metalation of 3 with TMSCH2Li-Based Reagentsa



TABLE 1. Bromine-Lithium Exchange in 1 and 2 with TMSCH2Lia



TMSCH2Li (equiv)



substrate



electrophile



yieldb (%)



2 1.5 1 2 2 2



1 1 1 2 1 2



MeSSMe MeSSMe MeSSMe MeSSMe PhCHO PhCHO



1a, 94c 1a, 70d 1a, 47d 2a, 88c 1b, 86c 2b, 88c



a Reaction performed on 1.84 mmol of 1 or 2. b Isolated yield. c The GC analysis revealed conversions >98%. d The remainder was unreacted 1.



entry



TMSCH2Li (equiv)



1 2 3 4 5 6 7 8 9



2 2 2 2 2 2 2 2 2



a



LiDMAE (equiv)



1 1 1 1



solvent



time (h)



1b (%)



2b (%)



S.M.b (%)



toluene toluene hexane hexane toluene toluene toluene THF Et2O



1 2 2 2 0.5 1 2 0.5 0.5



29 22 5 15 4 5 7



38 24 80 84 95 94 92



23



65



10



14 
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