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We achieved intra- and intermolecular C(sp3)-H alkoxylation 

of benzylic positions of heteroaromatic compounds using 

CuBrn (n = 1, 2)/5,6-dimethylphenanthroline (or 4,7-

dimethoxyphenanthroline) and (tBuO)2 as a catalyst and 

oxidant, respectively. The reaction proceeded at both 

terminal and internal benzylic positions of the alkyl groups. 

The intramolecular alkoxylation was performed in gram-

scale. 

Many bioactive compounds, such as natural products and drugs, e.g., 

rivoglitazone,1 balaglitazone,2 PF-2545920,3 and AMG-208,4 have 

an ether moiety at the benzylic position of heterocyclic ring(s) (Fig. 

1). The development of practical and effective synthetic methods of 

such ethers is therefore in high demand. Representative reactions for 

the synthesis of ethers include Williamson ether synthesis,5 the 

Ullmann reaction,6 and the Buchwald-Hartwig reaction.7 These 

reactions have several drawbacks, however, such as the need for 

multiple reaction steps, an excess amount of copper powder or salt, 

and/or the formation of side products such as metal halides. To 

improve the efficiency of ether synthesis, direct C-H alkoxylation 

using alcohols as substrates is an ideal strategy. Examples of C-H 

alkoxylation, especially C(sp3)-H alkoxylation, however, are rare.8 

The following C(sp3)-H alkoxylation reactions have been reported: 

(a) palladium-catalyzed benzylic methoxylation using a quinoline-

type directing group (Fig. 2a);8a (b) palladium-catalyzed tert-

butoxylation using an oxazoline-type directing group (Fig. 2b);9 (c) 

palladium-catalyzed alkoxylation using a bidentate directing group 

(Fig. 2c);10 and (d) copper-catalyzed butoxylation at the double 

benzylic position (Fig. 2d).11 These reactions have similar 

characteristics: (1) when palladium-salts are used as catalysts, 

directing groups are indispensable to promote the reaction, and 

alkoxylation proceeds only at the terminal position (Figs. 2a, 2b, and 

2c);12 (2) alcohols (alkoxylation reagents) are used as a solvent (Figs. 

2a, 2c, and 2d); and, (3) only one substrate example was reported 

(Figs. 2a, 2b, and 2d). In this paper, we report copper-catalyzed 

intramolecular and intermolecular C-H alkoxylation of benzylic 

C(sp3)-H bonds of heteroaromatic compounds (Fig. 2e). The 

alkoxylation reaction proceeded regioselectively at both the terminal 

and internal benzylic positions of alkyl chains. 

 

 
 

Treatment of 1-hydroxyethyl-2-methylbenzimidazole 1a with a 

catalytic amount of CuCl/5,6-dimethylphenanthroline and (tBuO)2 in 

chlorobenzene at 100 °C for 4 h led to an intramolecular C(sp3)-H 

alkoxylation reaction, and the desired alkoxylated product 2a was 

obtained in 47% yield (Table 1, entry 1). Changing the catalyst to 

CuBr and extending the reaction time to 6 h improved the yield of 2a 

(Table 1, entries 2 and 3).13-15 Although other copper salts showed 

catalytic activities, the yield of 2a was lower than that with CuBr 

(Table 1, entries 4-7). In this reaction, the addition of a ligand was 

indispensable (Table 1, entry 8). Other phenanthroline- and 

bipyridine-type ligands did not improve the yield of 2a (Table 1, 

entries 9-16). 
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We next investigated the substrate scope and limitations (Table 

2). Diaryl-substituted alcohols 1b-1e produced the corresponding 

alkoxylated products 2b-2e in 55%-81% yields (entries 1-4). The 

yield of the product 2f decreased when dimethyl-substituted alcohol 

1f was used (entry 5).16 A spiro compound 2g was obtained from 1g 

(entry 6). The alkoxylation reaction proceeded with moderate to 

good yields when using 2-methylbenzimidazoles with a substituent 

at the aromatic ring, 1h-1j (entries 7-9). In entry 9, the alkoxylation 

reaction proceeded selectively at the 2-methyl group and did not 

occur at the 7-methyl group. Alkoxylation reactions are generally 

more difficult at the internal positions of alkyl chains than at the 

terminal positions. Interestingly, the C(sp3)-H alkoxylation reaction 

also proceeded in high yield at the internal position of the alkyl 

chains (entries 10-13).17 The conditions were also applicable to 

seven-membered ring formation (entry 14), aryloxylation reaction 

(entry 15), and heterocyclic substrates 1q-1s other than 

benzimidazole (entries 16-18). 

The proposed mechanism for the alkoxylation reaction is shown 

in Scheme 1: (1) formation of CuBrX (X = Br or OtBu) and tert-

butoxy radical from CuBrn (n = 1 or 2) and (tBuO)2; (2) formation of 

an alkoxycopper intermediate8i with a benzyl radical via the 

elimination of HX (X = Br or OtBu) and tBuOH;18 (3) formation of  

the product 2 by C-O bond formation between the benzyl radical and 

oxygen atom of the alkoxycopper moiety.18-22 
 

 
 

This reaction also proceeded in high yield in gram-scale. Using 

1.64 g of 1a as a substrate, the reaction produced 1.37 g of 2a in 

84% yield (eqn (1)). The yield of 2a was slightly higher than that 

shown in Table 1, entry 3 (1a: 41.1 mg). 
 

 
 

Intermolecular C(sp3)-H alkoxylation also proceeded under the 

present conditions. Treatment of 1,2-dimethyl-1H-

benzo[d]imidazole (3) with butanol (4a) or 2-phenylethanol (4b) 

gave the corresponding alkoxylated products 5a and 5b in 33% and 

37% yields, respectively (eqn (2)). In addition, the intermolecular 

alkoxylation reaction occurred at the benzylic C(sp3)-H bond of 

quinazolinone 6 (eqn (3)). Although yields are moderate, these are 

the first entries to catalytic benzylic C(sp3)-H alkoxylation using a 

reagent amount (i.e., not a solvent amount) of alcohols. 

 

 
 

 

Conclusions 

In summary, we successfully developed a benzylic C(sp3)-H 

alkoxylation reaction of heterocyclic compounds using alcohols 

as alkoxylating reagents under copper catalysis. In this reaction, 

alkoxylation proceeded selectively at the benzylic position of 

heteroaromatics, not at the benzylic position of a benzene ring. 

The present reaction is a rare example of copper-catalyzed 

C(sp3)-H alkoxylation, and proceeded at both the terminal and 

internal positions of the alkyl chains without the use of a 

directing group or an excess amount of the alkoxylating 

reagents (alcohols). The alkoxylated product was obtained in 

gram-scale, and an intermolecular reaction also occurred. This 

reaction provides a useful strategy for synthetic organic 

chemistry. 
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