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Abstract 
The reactivity of the three isomeric methoxy-substituted N,N-dimethylanilines (N,N-
dimethylanisidines) and of N,N-dimethyl-2,6-dimethoxyaniline in the reduction with alkali 
metals in aprotic solvents was investigated. N,N-Dimethyl-p-methoxyaniline was found to be 
unreactive, while the other substrates underwent exclusive cleavage of carbon-oxygen bond(s), 
with the following order of reactivity: 2,6-dimethoxy > o-methoxy > m-methoxy > p-methoxy. 
Both the relative reactivity and the regioselectivity of cleavage (demethoxylation vs. 
demethylation) was found to parallel closely that of the corresponding di- and trimethoxy-
substituted substrates. These results suggest that intermediates with different electron distribution 
or even different intermediates are involved in the reductive cleavage of aryl-oxygen and aryl-
nitrogen bonds. 
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Introduction 
 
Recently we have reported that phenyl- and diphenyl-substituted N,N-dimethylanilines easily 
undergo reductive cleavage of the dimethylamino group by treatment with Li metal in 
tetrahydrofuran (THF).1 In view of our active interest in the mechanism of cleavage of the 
carbon-oxygen bonds in anisole2 and substituted anisoles3-8 under electron transfer reductive 
conditions, we felt it worthy to study the reactivity of aromatic substrates bearing both the 
dimethylamino and the methoxy group in order to check the relative ease of cleavage of the two 
groups. 
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We could anticipate that we would encounter some difficulties in performing electron-
transfer reduction of such electron-rich molecules.9 Indeed, the ability of methoxy-substituted 
N,N-dimethylanilines to behave as electron donors10 and readily form the corresponding radical 
cations or charge-transfer complexes under chemical,11 photochemical,12 and electrochemical 
conditions13 is well known. On the contrary, there are no available data on the electrochemical 
reduction of N,N-dimethylanisidines and only two literature reports14,15 on their ability to behave 
as electron acceptors towards alkali metals. Reduction of the meta- and para-isomers with 
lithium metal and t-butyl alcohol in liquid ammonia afforded the corresponding 1,3-
cyclohexadienyl derivative as the only reaction product (92% yield for the meta; yield not 
reported for the para);14 under similar reaction conditions, the ortho-isomer gave the 1,4-
cyclohexadienyl derivative (62% yield) together with minor amounts of products derived from 
loss of the methoxy group (N,N-dimethylaniline and a tetrahydro-derivative thereof) or of the 
dimethylamino group (1-methoxy-1,4-cyclohexadiene).14 In a similar reaction, using a large 
excess of lithium metal and methanol instead of t-butyl alcohol as a proton source, reduction of 
the para-isomer led to complete conversion of the substrate and isolation of a mixture containing 
the corresponding 1,3- and 1,4-cyclohedienyl derivatives, with the former predominant.15 

We wish to report the results obtained in the reduction of the three isomeric N,N-
dimethylanisidines 1-3 with alkali metals, namely lithium, sodium and potassium, in THF and in 
2,2,4-trimethylpentane (isooctane) (Scheme 1). To get an additional comparison with the results 
obtained in the reductive cleavage of substituted anisoles, particularly of 1,2,3-
trimethoxybenzene and its derivatives,6-8 we have also investigated the reductive cleavage of 
N,N-dimethyl-2,6-dimethoxyaniline 8 (vide infra) in order to check the effect of two ortho-
methoxy groups on the ease of cleavage of the aromatic carbon-nitrogen bond. 
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Scheme 1. Reductive cleavage of isomeric N,N-dimethylanisidines 1-3. 
 
 
Results 
 
The reactions were carried out by vigorous stirring of a ca. 0.1 M solution of the substrate with 2 
equivalents of metal in anhydrous, freshly distilled solvents at room temperature under Ar. For 
the purpose of comparison with the data previously obtained in the reduction of variously 
substituted anisoles2-8 and N,N-dimethylanilines,1 the reactions were quenched after 24 h, even if 
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this corresponded, in some cases, to a very low conversion yield. Quenching was performed by 
adding H2O, after standard workup, the significant products were first identified by 1H NMR and 
then separated by flash chromatography. No attempts were made to detect methanol and 
methane, the likely by-products of these reductions.2,3 Quite clean reaction mixtures were 
obtained in all cases; neither products of partial reduction of the aromatic ring nor biaryl 
derivatives were detected. 

In preliminary tests, 1 was found to be the most reactive among the three isomers; 
consequently, its reduction was studied in more detail under various reaction conditions. 
Exclusive cleavage of the carbon-oxygen bonds was observed in all cases, with formation of 
variable amounts of demethylation products (N,N-dimethylaminophenols 4 and 5) and of 
demethoxylation product (N,N-dimethylaniline 7).16 No evidence for the formation of products 
of carbon-nitrogen bond cleavage was obtained. Selected results are reported in the Table. 
 
Table. Reductive cleavage of compounds 1-3 with alkali metals 

Entry Compound Conversion Metal Product Ratio (%) Aminophenol 7 
1 1 Li 8 4 (28) (72) 
2 1 Lib 36 4 (27) (73) 
3 1 Lic 37 4 (38) (62) 
4 1 Lid 42 4 (13) (87) 
5 1 Lie ca. 3 f f 

6 1 Lib,e 12 4 (16) (84) 
7 1 Na 0   
8 1 Nab 7 4 (44) (56) 
9 1 K 5 4 (42) (58) 
10 1 Kb 30 4 (40) (60) 
11 1 Ke 33 4 (10) (90) 
12 1 Kb,e 53 4 (15) (85) 
13 2 Li 17 5 (100) (0) 
14 2 Na 0   
15 2 K 0   
16 3 Li 0   
17 3 K 0   
a Reactions were run in THF, unless otherwise stated. b In the presence of naphthalene (0.1 
equiv). c In the presence of 12-crown-4 (2.0 equiv). d In the presence of tetrabutylammonium 
tetrafluoborate (2.0 equiv). e Reaction run in isooctane. f Owing to the very low conversion yield, 
a reliable value of the products ratio could not be obtained. 
 

In the case of anisidine 1, a poor reactivity was observed in the reactions carried out with Li 
or K alone in THF (entries 1 and 9) or with Li in isooctane (entry 5), even in the presence of 



Issue in Honor of Prof. Marcial Moreno-Mañas ARKIVOC 2002 (v) 181-188 

ISSN 1424-6376 Page 184 ©ARKAT USA Inc 

naphthalene (entry 6); no reaction occurred with Na alone (entry 7). Higher conversion yields 
were obtained in all cases in the presence of naphthalene (entries 2, 6, 8, 10, and 12), by raising 
the polarity of the medium or adding a crown ether in the case of Li (entries 3 and 4), or by using 
isooctane instead of THF in the case of K (entries 11 and 12). Reduction of anisidine 2 with Li in 
THF led to a very low conversion (entry 13), with exclusive formation of N,N-dimethyl-m-
aminophenol 5. No reactivity was observed using Na or K as reducing agents (Table, entries 14 
and 15) or using isooctane as a solvent (not reported in the Table). Anisidine 3 resulted 
completely unreactive towards the alkali metals reduction, and was recovered unchanged under 
any reaction conditions. 
In the hope of obtaining evidence of cleavage of a carbon-nitrogen bond, the reactivity of N,N-
dimethyl-2,6-dimethoxyaniline 8 was next studied. Amine 8 was chosen as an analog of 1,2,3-
trimethoxybenzene, which in our previous work3,7,8 had been found to be the most reactive 
substrate, giving almost exclusive cleavage of the central methoxy group under all conditions. 
Amine 8 was allowed to react with Li powder in THF, i.e., under the conditions that led to 
exclusive cleavage of the dimethylamino group in the reduction of phenyl-substituted N,N-
dimethylanilines.1 Even with this substrate, however, exclusive cleavage of carbon-oxygen 
bonds was observed. The results are reported in Scheme 2. 
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Scheme 2. Reductive cleavage of N,N-dimethyl-2,6-dimethoxyaniline. 

 
 

Discussion 
 
Our results clearly indicate that in aromatic substrates bearing both the methoxy and the 
dimethylamino group reductive cleavage of the latter does not occur, and only cleavage of 
carbon-oxygen bonds is observed, though to a minor extent than that of di- and trimethoxy-
substituted aromatic substrates. Apart from the general low reactivity of substrates 1-3 and 8, to 
be likely imputed to their very negative reduction potentials,9,17,18 the results obtained in this 
work indicate rather similar behaviors of anisidines 1-3 and 8 and of methoxy-substituted 
anisoles, both in the relative reactivity and in the regioselectivity of cleavage. As regards the 
relative reactivity, the following order can be drawn for anisidines: 8 > 1 > 2 >> 3; this order 
parallels quite well that found for anisoles (2,6-dimethoxy > o-methoxy ≥ m-methoxy > p-
methoxy).3 As to regioselectivity, in THF at room temperature both o-dimethoxybenzene and 
N,N-dimethyl-o-anisidine give preferential cleavage of the aryl-oxygen bond, whereas the 
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corresponding meta-isomers give exclusive cleavage of the methyl-oxygen bond. A substantial 
difference can instead be seen in the behavior of 1,2,3-trimethoxybenzene and amine 8: the 
former gives almost exclusive demethoxylation at the 2-position (see above), whereas in the 
latter the 2-position is unreactive and preferential demethylation of a methoxy group in the 1- or 
6-position is observed. 

Taken as a whole, our findings confirm the prediction made by Smith17 and reported as such 
by Zweig18 “that a given carbon-nitrogen bond of amino-substituted aromatics should be cleaved 
reductively with greater difficulty than its carbon-oxygen analogue.” We have been dealing with 
a related problem in previous work on the generation of α-amino-substituted benzylic carbanions 
by the reductive cleavage of N-substituted 2-aryl-1,3-oxazolidines19 and α-N,N-dialkylamino-
substituted benzyl alkyl ethers.20 We found that these substrates, by treatment with alkali metals 
in various aprotic solvents (THF, isooctane, etc.), readily undergo cleavage of the benzylic 
carbon-oxygen bond, with no evidence of cleavage of carbon-nitrogen bonds. On the other hand, 
to the best of our knowledge, no specific studies have been carried out so far on the relative ease 
of reductive cleavage of aryl-nitrogen and aryl-oxygen bonds. 

A simple rationalization of the results obtained, based on the analogy of behaviour of 
substrates 1-3 and 8 and the various methoxy-substituted compounds previously investigated,2-4,7 
would be to suggest that fragmentation occurs at the level of the radical anion. The observation 
that when a carbon-oxygen bond is present no cleavage of a carbon-nitrogen bond occurs could 
then be related with the different leaving group abilities of MeO- and Me2N-. As regards the 
cleavage of radical anions, however, things may not be so straightforward.5,21,22 Indeed, many 
factors are involved in the behaviour of such intermediates, such as the distribution of charge 
and/or spin, the type and topology of their ion pairs with the alkali metal cations, the relative 
strengths of the scissile bonds, etc. However, the discussion of these important points is beyond 
the scope of the present work. We can only suggest that the cleavage of the two different bonds 
is mainly related to different electron distribution in the intermediate undergoing fragmentation, 
or even to the intervention of different intermediates. 
 
 
Experimental Section 
 
General Procedures. Boiling points are uncorrected. 1H-NMR (300 MHz) spectra were 
measured on a Varian VXR spectrometer for samples in CDCl3 solution with tetramethylsilane 
as internal standard. Flash chromatography was performed on silica gel 60 (ICN Silica 32-63 µ). 
Elemental analyses were performed in the Micro analytical Laboratory of the Dipartimento di 
Chimica, Università di Sassari. THF and isooctane were dried over Na and distilled from Na/K 
alloy under nitrogen immediately prior to use. All products and reagents were of the highest 
commercial quality from freshly opened containers and were used without further purification. 
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Synthesis of starting materials. Methoxy-substituted N,N-dimethylanilines were prepared in 
very good yields according to a known procedure involving reaction of the corresponding 
primary amines with aqueous HCHO and NaBH4 under acidic conditions.23 N,N-Dimethyl-o-
methoxyaniline 1, N,N-dimethyl-m-methoxyaniline 2, and N,N-dimethyl-p-methoxyaniline 3 are 
already known.23 N,N-Dimethyl-2,6-dimethoxyaniline 8 was purified and characterized as 
follows. 
N,N-Dimethyl-2,6-dimethoxyaniline (8). Purified by flash chromatography (hexane/EtOAc/Et3N = 
3:7:0.5); pale yellow oil, bp 125 °C/1 mmHg; 1H NMR δ 2.82 (6H, s, 2 CH3N), 3.84 (6H, s, 2 CH3O), 6.54 
(2H, d, J = 8.4, ArH), 7.04 (1H, t, J = 8.4, ArH); Anal. Calcd for C10H15NO2: C, 66.26; H, 8.36; N, 7.73. 
Found C, 66.09; H, 8.51; N, 7.67. 
 
General procedure for the reductive cleavage of compounds 1-3 and 8 with alkali metals 
Suspensions of alkali metals (6 mg atom, 2 equiv) in anhydrous THF (25 mL) were prepared 
under Ar in a two-necked flask equipped with reflux condenser and magnetic stirrer as follows. 
Lithium metal [30% dispersion in mineral oil (Aldrich)] was washed with THF (3 x 10 mL) and 
suspended in THF; freshly cut potassium metal (Aldrich) was vigorously stirred in THF at a 
temperature above its melting point and then cooled to room temperature without stirring; freshly 
cut sodium metal (Aldrich) was used as such. To these suspensions, was added at once the 
appropriate substrate (3 mmol) dissolved in THF (5 mL); the mixture was then stirred at room 
temperature under Ar for 24 h. The mixture was cooled to 0 0C and quenched by slow, drop wise 
addition of H2O (10 mL) (CAUTION!). After 1 h stirring at room temperature the mixture was 
extracted with Et2O (3 x 30 mL); the organic layer was dried (Na2SO4) and the solvent 
evaporated. The ratio between the reaction products (Table and Scheme 2) was determined on 
the crude reaction mixture by 1H NMR spectroscopy; this ratio was confirmed and the yields 
determined by separation of starting material and reaction products by flash chromatography, 
with mixtures of hexane and EtOAc containing Et3N (2% v/v) as eluent. 
The two isomeric N,N-dimethylaminophenols 4 and 5 and N,N-dimethylaniline 7 were identified 
by comparison of their physical constants and 1H-NMR spectra with those of commercial 
samples (Aldrich). N,N-Dimethyl-2-methoxy-6-hydroxyaniline 9, isolated from the reaction 
mixture of the reduction of 8 with Li metal, was purified and characterized as follows. 
N,N-Dimethyl-2-methoxy-6-hydroxyaniline (9). Purified by flash chromatography (hexane/EtOAc/Et3N 
= 3:7:0.5), pale yellow oil, bp 140 °C/1 mmHg, 1H-NMR δ 2.75 (6H, s, 2 CH3N), 3.82 (3H, s, CH3O), 6.38 
(1H, d, J = 7.8 Hz, ArH), 6.54-6.60 (1H, m, ArH), 7.02 (1H, t, J = 7.8 Hz, ArH). Anal. Calcd for 
C9H13NO2: C, 64.63; H, 7.85; N, 8.38. Found C, 64.38; H, 8.07; N, 8.45. 
 
 
 
 
 
 



Issue in Honor of Prof. Marcial Moreno-Mañas ARKIVOC 2002 (v) 181-188 

ISSN 1424-6376 Page 187 ©ARKAT USA Inc 

Acknowledgements 
 
This work was carried out in the framework of the Italian National Project “Radicali Liberi e 
Radicali Ioni nei Processi Chimici e Biologici” supported by the Ministero della Ricerca 
Scientifica e Tecnologica (MURST), Rome. Financial support from the University of Sassari 
(MURST ex 60% funds) and from the Italy-Spain Joint Project “Azioni Integrate” (HI 1998-
0138) is also acknowledged. 
 
 
References and Notes 
 
1. Azzena, U.; Dessanti, F.; Melloni, G.; Pisano, L. Tetrahedron Lett. 1999, 40, 8291. 
2. Azzena, U.; Denurra, T.; Melloni, G.; Fenude, E. Rassu, G. J. Org. Chem. 1992, 57, 1444. 
3. Part II: Azzena, U.; Denurra, T.; Melloni, G.; Fenude E. Gazz. Chim. Ital. 1996, 126, 141. 
4. Azzena, U.; Casado, F.; Fois, P.; Gallardo, I.; Pisano, L.; Marquet, J.; Melloni, G. J. Chem. 

Soc., Perkin Trans 2 1996, 2563. 
5. Casado, F.; Pisano, L.; Farriol, M.; Gallardo, I.; Marquet, J.; Melloni, G. J. Org. Chem. 

2000, 65, 322. 
6. Azzena, U. Trends in Organic Chemistry 1997, 6, 55, and references therein. 
7. Azzena, U.; Denurra, T.; Melloni, G.; Piroddi, A. M. J. Org. Chem. 1990, 55, 5386. 
8. Azzena, U.; Melloni, G.; Piroddi, A. M.; Azara, E.; Contini, S.; Fenude, E. J. Org. Chem. 

1992, 57, 3101. 
9. Zweig, A.; Lancaster, J. E.; Neglia, M. T.; Jura, W. H. J. Am. Chem. Soc. 1964, 86, 4130. 
10. See, for example: Sato, I.; Matsuura, T.; Inoue, K. J. Am. Chem. Soc. 1983, 105, 3200. 
11. (a) Sakakibara, T.; Karasumaru, S.; Kawano, I. J. Am. Chem. Soc. 1985, 107, 6417. (b) 

Fujimori, K.; Takata, T.; Fujiwara, S.; Kikuchi, O.; Oae, S. Tetrahedron Lett. 1986, 27, 
1617. (c) Ciminale, F.; Ciardo, A.; Francioso, S.; Nacci, A. J. Org. Chem. 1999, 64, 2459. 

12. (a) Ballardini, R.; Varani, G.; Indelli, M. T.; Scandola, F.; Balzani, V. J. Am. Chem. Soc. 
1978, 100, 7219. (b) Bock, C. R.; Connor, J. A.; Gutierrez, A. R.; Meyer, T. J.; Whitten, D. 
G.; Sullivan, B. P.; Nagle, J. K. J. Am. Chem. Soc. 1979, 101, 4815. (b) Zhu, Y.; Schuster, 
G. B. J. Am. Chem. Soc. 1993, 115, 2190. 

13. (a) Seo, E. T.; Nelson, R. F.; Fritsch, J. M.; Marcoux, L. S.; Leedy, D. W.; Adams, R. N. J. 
Am. Chem. Soc. 1966, 88, 3498. (b) Hand, R.; Melicharek, M.; Scoggin, D. I.; Stotz, R.; 
Carpenter, A. K.; Nelson, R. F. Collect. Czech. Chem. Commun. 1971, 36, 842. (c) 
Turovskis, I.; Stradins, J.; Volke, J.; Freimanis, J.; Glezer, V. Collect. Czech. Chem. 
Commun. 1978, 43, 909. (d) Renaud, R. N.; Stephens, C. J.; Brochu, G. Can. J. Chem. 1984, 
62, 565. 

14. Birch, A. J.; Hutchinson, E. G.; Subba Rao, G. J. Chem. Soc.(C) 1971, 673. 
15. Stanetty, P.; Kasemann, O.; Schmid, M. J. Chem. Res (S) 1995, 341. 
16. N,N-Dimethylaniline was found to be unreactive under these reaction conditions; see ref. 1. 



Issue in Honor of Prof. Marcial Moreno-Mañas ARKIVOC 2002 (v) 181-188 

ISSN 1424-6376 Page 188 ©ARKAT USA Inc 

17. Smith, H. Organic Reactions in Liquid Ammonia; Interscience: New York, 1962, p 184. 
18. Zweig, A.; Maurer, A. H.; Roberts, B. G. J. Org. Chem. 1967, 32, 1322. 
19. Azzena, U.; Melloni, G.; Nigra, C. J. Org. Chem. 1993, 58, 6707. 
20. Azzena, U.; Pilo, L.; Piras, E. Tetrahedron 2000, 56, 3775. 
21. Andrieux, C. P.; Robert, M.; Savéant, J.-M. J. Am. Chem. Soc. 1995, 117, 9340. 
22. As an example, Rieger and coworkers reported the formation of 4,4'-dicyanobiphenyl radical 

anion in the electrolytic reduction of 4-cyanoaniline, and interpreted the results in terms of 
loss of the NH2

- ion from the radical anion of the latter; see: Rieger, P. H.; Bernal, I.; 
Reinmuth W. H.; Fraenkel, J. K. J. Am. Chem. Soc. 1963, 85, 683. 

23. Giumanini, A. G.; Chiavari, G.; Musiani, M. M.; Rossi, P. Synthesis 1980, 743. 
 


