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Directed lithiation of N-(2-methoxybenzyl)pivalamide with two mole equivalents of t-BuLi in anhydrous THF at -78 °C 

followed by reactions with various electrophiles gave ring substitution, but ortho- to the methoxy group rather than 

ortho- to the pivaloylaminomethyl group, which was unexpected in view of earlier results reported with sec-BuLi. 

Regioselective synthesis of substituted aromatics is one 

of the classical problems in synthetic chemistry. Simple 

electrophilic substitution often leads to various isomers 

and polysubstituted aromatics and usually takes place 

under forcing conditions in the presence of a catalyst. In 

recent years, many efforts have been made to develop 

clean and environmentally friendly processes for the 

regioselective production of specific products and it is 

well recognized that organolithium reagents1-2 can play 

an important role in such cases. In particular, lithiation of 

aromatic compounds often occurs proximal to 

substituents that possess oxygen or nitrogen atoms.3 As a 

result, lithiation of aromatics or heterocycles followed by 

treatment with an electrophile is one of the most efficient 

approaches for synthesis of substituted and/or modified 

derivatives.4,5 

Simig and Schlosser have reported that lithiation of 

N-(4-methoxybenzyl)pivalamide using sec-BuLi at 0 °C, 

followed by treatment with carbon dioxide, results in 

carboxylation at the 2-position, ortho- to the 

pivaloylaminomethyl group, rather than ortho- to the 

methoxy group. The product was isolated in 64% yield.6 

By contrast, treatment of N-(2-methoxybenzyl)pivalamide 

in the same way gave a mixture of two products, one of 

which involved carboxylation ortho- to the 

pivaloylaminomethyl group (isolated in 10% yield by 

Electrophile = CO2, 4-MeOC6H4CHO, PhCHO, Ph2CO, D2O
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fractional crystallization), and the other of which 

involved carboxylation at the side-chain (isolated in 14% 

yield as the ester following treatment of the residue with 

diazomethane).6 The poor regioselectivity and low yields 

achieved in the latter reaction render the process 

unattractive as a synthetic method. However, it was not 

clear whether the lithiation reaction would proceed in the 

same way under different reaction conditions (e.g. 

different lithium reagents, reaction temperatures or times) 

or using electrophiles other than carbon dioxide.  

Based on our own experience in the use of lithium 

reagents in organic synthesis and in directed lithiation 

reactions,7 we felt that it ought to be possible to develop a 

general, simple and efficient regioselective lithiation 

procedure for N-(2-methoxybenzyl)pivalamide, to enable 

convenient syntheses of the corresponding substituted 

derivatives. Therefore, we decided to undertake a wider 

investigation of the directed lithiation of this compound. 

The results, which we now report, show unexpected 

variations in the site of lithiation. As a result, we have 

been able to establish conditions for a high-yielding and 

general ring-substitution, but at the position ortho- to the 

methoxy group rather than ortho- to the 

pivaloylaminomethyl group. Lithiation at this site was not 

observed at all under the conditions used by Simig and 

Schlosser.6  

The first task was to carry out lithiation of 

N-(2-methoxybenzyl)pivalamide (1) under Schlosser’s 

conditions, using sec-BuLi as the lithium reagent at 0 °C, 
followed by reaction with carbon dioxide. Therefore, 

compound 1 was treated with sec-BuLi (2.2 mole 
equivalents) at 0 °C in anhydrous THF under nitrogen 
and the reddish brown solution obtained was stirred for 
2 h at 0 °C. Solid carbon dioxide was added and the 
reaction mixture was stirred for 30 minutes. The mixture 
was diluted with ethyl acetate and quenched with dilute 
HCl. The crude product obtained was crystallized from 
ethyl acetate to give white crystals of 3-methoxy-2-

(pivaloylaminomethyl)benzoic acid, 2, obtained in 25% 

yield (Scheme 1). The structure of 2 was confirmed by 
x-ray crystallography (Figure 1). 

 

 

Figure 1. X-ray crystal structure of compound 2 
 

The 1H NMR spectrum of the mother liquor after 

crystallization showed the presence of additional 2 and 

another major product, readily identified as 3 (Scheme 1), 

in the ratio of 1:2, along with traces of 1. No attempt was 

made to isolate 3, but the mother liquor accounted for ca. 

70% of the initial substrate, indicating that the total yield 

of the two carboxylic acids was in the range of 94% and 

that 2 and 3 were each produced in about 46% yield each. 

These results are consistent with Schlosser’s findings and 

imply that difficulty in isolation of the products from the 

reaction mixture was the reason for the low yields 

reported rather than that lithiation was ineffective. 

Our initial variation of the procedure involved 

lithiation of compound 1 with t-BuLi (2.2 mole equiv.) at 

0 °C followed by reaction with carbon dioxide, under 

conditions close to those used by Schlosser except for the 

nature of the alkyllithium. The 
1H NMR spectrum of the 

crude product showed the presence of three products, 

identified as 2, 3 and 2-methoxy-3-

(pivaloylaminomethyl)benzoic acid (4), in the ratio of 

1:4:5. Two of the acids, 2 and 4, were separated in pure 

forms, in yields of 5% and 40%, respectively, by 

fractional crystallization of the crude product using ethyl 

acetate. The structure of compound 4 was confirmed by 

x-ray crystallography (Figure 2). 

 

 

Figure 2. X-ray crystal structure of 4 
 

The ring-substituted product 2 was the one expected 

based on Simig and Schlosser’s work with sec-BuLi,6 but 

it was obtained in only low yield as a minor product using 

t-BuLi at 0 °C. Compound 4 was obtained as the major 

acid, presumably resulting from lithiation at the position 

ortho- to the methoxy group rather than ortho- to the 

pivaloylaminomethyl group. This unexpected result 

clearly indicated that the selectivity of reaction of 1 with 

lithium reagents, followed by reaction with carbon 

dioxide, is strongly dependent on the type of lithium 

reagent used. We next investigated the effect of lowering 

the temperature of lithiation to-78 °C.  



 

Scheme 1. Lithiation of 1 followed by reaction with CO2 under Schlosser’s conditions6 
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Compound 1 was treated with sec-BuLi at -78 °C and 

the reddish brown solution obtained was stirred for 4 h at 

–78 °C. The cooling bath was removed and solid carbon 

dioxide was added. The reaction mixture was stirred for 

30 minutes while the temperature slowly rose. The 

mixture was diluted with ethyl acetate and quenched with 

dilute HCl. The 1H NMR spectrum of the crude product 

showed the presence of 1, 2 and 3 in the ratio of ca. 

2:2:3. There was no evidence for the formation of 4 under 

the conditions tried. The results showed that the reaction 

had not gone to completion under the conditions used but 

that it was somewhat more selective for side-chain 

substitution than at 0 °C. However, it was still not a 

useful synthetic procedure. 

 

 

Figure 3. X-ray crystal structure of compound 5 
 

A similar reaction was carried out with t-BuLi rather 

than sec-BuLi. In this case it was possible to isolate pure 

4 in 80% yield following crystallisation of the crude 

product. The mother liquor showed the presence of 3 and 

additional 4 in nearly equal proportions along with traces 

of 1, suggesting that 3 and 4 were produced in 

approximately 9% and 89% yields, respectively. Clearly, 

t-BuLi is both more effective and more regioselective 

than sec-BuLi under these conditions and again causes 

lithiation at a different ring position. The reaction 

appeared to have potential as a synthetic method and 

therefore the same lithiation procedure was used for 

reactions with a range of different electrophiles. 

Following work-up of the reaction mixture the crude 

products were purified by column chromatography (silica 

gel; Et2O–hexane, 1:3) or direct crystallization from ethyl 

acetate to give the corresponding N-(3-substituted 

2-methoxybenzyl)pivalamides 4-8 in high yields (Table 

1). 

 

Table 1. Synthesis of N-(3-Substituted 2-methoxybenzyl)-
pivalamides 4-8 via Lithiation and Substitution of 1 

Electrophile (E+) = CO2, 4-MeOC6H4CHO,

PhCHO, Ph2CO, D2O
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+

4-8

NHCOBut

OMe

1

 

Product Electrophile E Yield (%)a 

4b CO2 CO2H 80 

5c,d 4-MeOC6H4CHO 4-MeOC6H4CH(OH) 76e 

6c PhCHO PhCH(OH) 75 

7 Ph2CO Ph2C(OH) 73f 

8 D2O D 86 
a Yield of isolated product after purification by column 

chromatography unless otherwise indicated. b Compound 4 was purified 
by crystallization from ethyl acetate.c The structure of compound 5 was 
confirmed by x-ray crystallography (Figure 3). d The 1H NMR spectra of 
5 and 6 showed the CH2 hydrogens as two separated double doublets, 
verifying that they are diastereotopic. e Compound 9 (Figure 4) was 
obtained as a side product in 3% yield. f Compound 10 (Figure 4) was 
obtained as a side product in 3% yield. 

 

Clearly, this procedure represents a simple, efficient 

and high yielding route for substitution of N-(2-

methoxybenzyl)pivalamide. It is not clear why lithiation 

of N-(2-methoxybenzyl)pivalamide with t-BuLi in THF at 

-78 °C gives substitution ortho- to the methoxy group 

while a similar procedure with sec-BuLi gives a mixture 

containing two different substitution products, one of 



which involves lithiation ortho- to the 

pivaloylaminomethyl group. It could have something to 

do with the way the reagents aggregate, their ability to 

chelate the two substituents or the relative bulk of the 

alkyl groups, but without further information it is not 

easy to decide. 
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Figure 4. Structures of compounds 9 and 10 
 

In summary, N-(2-methoxybenzyl)pivalamide (1) 

undergoes lithiation with t-BuLi at -78 °C, followed by 

treatment with electrophiles, to give high yields of the 

corresponding substituted products 4-8 having the 

substituent ortho- to the methoxy group. In contrast, use 

of sec-BuLi under similar conditions gives almost none 

of this product, leading instead to mixtures of two 

products, one substituted on the side-chain 

(pivaloylaminomethyl group) and the other on the ring 

ortho- to the pivaloylaminomethyl group. 
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