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Abstract - The regioselectivity  in  the  aminomethylations  (the  Mannich 

reaction)  of  bicyclic  phenols  has  been  studied.  Highly   regioselective 

Mannich reactions enable easy synthetic access to novel bicyclic 

dialkylaminomethylphenols under very mild reaction conditions. 

 
 

INTRODUCTION 

Dialkylaminomethylphenols (1) are an important class of compounds in the area of 

pharmaceuticals. Examples are the antimalarial Amodiaquin1 and the selective δ-opioid 

receptor agonists BW373U862  and SL-31113 having therapeutic potential as analgesics.  

It is clear that the regioselective synthesis of dialkylaminomethylphenols (1) is an important 

goal in organic synthesis. 
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We have successfully used bicyclic dialkylaminomethylphenols (2a), which contain an 

annelated methylenedioxy ring, as synthetic precursors for anti-ischaemic compounds (2b)4,5. 

The bicyclic dialkylaminomethylphenols (2a) can efficiently be prepared from the  

corresponding bicyclic phenols in one step via a highly regioselective Mannich reaction.  

In the course of a study aimed at novel anti-ischaemic compounds, it was needed to broaden  

the scope of our investigations to other bicyclic phenols. These are depicted in Table 1. 

The regioselectivities of their Mannich reactions are discussed in detail. 



 
 
  

 

RESULTS AND DISCUSSION 

The Mannich reaction6 of phenols7 is a synthetic method of wide application in organic 

synthesis. The Mannich reaction of sesamol (3) with a secondary amine and aqueous 

formaldehyde (37 wt. % solution) has been described earlier and proceeds smoothly in either 

ethanol or acetonitrile, to afford the benzylamines (2a) in high yields as the sole reaction 

products4,8, in a slightly exothermic  reaction. Unexpectedly, we found that the Mannich 

reaction of 6-hydroxy-1,4-benzodioxane (4) (exemplified by the reaction with 1-

methylpiperazine as the amine) showed the slow formation9 of a mixture of the two 

regioisomers (6) and (7) in a molar ratio of 62 : 38 (Scheme 1). Apparently, this ring 

enlargement, from a five membered ring in 3 to a six membered ring in 4 has a profound effect 

on both the reactivity and the regioselectivity in this aminomethylation. In order to try to 

influence the regioselectivity by variation of the solvent, this particular Mannich reaction 

(Scheme 1) was also carried out in organic solvents of different polarity (ether, ethyl acetate, 

THF, DMF, acetonitrile, and ethanol). It was anticipated that in the positively charged transition 

state of this electrophilic aromatic substitution reaction the polarity of the applied solvent might 

influence its regiochemical outcome. However, all these reactions afforded similar product 

mixtures of 6 and 7. Apparently, the impact of the solvent polarity in this reaction is small.   
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Scheme 1 

 
In order to study the effect of polar, acidic solvents10 on the regiochemical outcome of this 

Mannich reaction acetic acid and TFA were applied. Acetic acid caused a significant 

acceleration of the reaction rate, in combination with slightly favouring γ-attack. As the reaction 

in pure TFA gave only decomposition products, a solution (2-4 molar equivalents) in ethanol 

was applied. This combination gave a slightly higher yield (about 70%) as well as a further 

increased selectivity in favour of the product (6) (molar ratio of 6 : 7 = 80 : 20 %, determined 

by 1H-NMR integration). 

From these results it can be concluded that polar, acidic solvents have an accelerating effect 

on the rate of this Mannich reaction, but at the same time remain a minor determinant for its 

regiochemical outcome. 



 
 
  

 

As it has been described in the literature that steric hindrance is an important factor which 

affects the reaction rate in the Mannich reaction6 of phenols7 we attempted to react 4 with the 

more bulky p-methoxybenzaldehyde (8) in the Mannich reaction with 1-methylpiperazine. This 

variation of the applied aldehyde indeed has a profound regiochemical effect as it gave the 

slow formation of compound (9) as the sole reaction product (Scheme 2). These findings are in 

line with the regioselectivity of the same reaction11 with sesamol (3). However, it should be 

notified that this particular reaction in the case of sesamol also proceeds much faster11.     

Therefore, it can be concluded that in the Mannich reaction of 4 with 1-methylpiperazine and 

p-methoxybenzaldehyde, the addition via α-attack is blocked by the increased steric hindrance 

of the more bulky aldehyde, whereas the formation (albeit more slowly) of compound (9) via γ-

attack at the aromatic nucleus still occurs. 
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Scheme 2 
 

The profound effects of the change in ring size between the bicyclic phenols (3) to (4) on both 

the reactivity and the orientation in their Mannich reactions prompted the investigation of other 

- structurally more diverse - bicyclic phenols in this particular reaction. Therefore, a number of 

bicyclic phenols12 (10a-l) and the structurally closely related 3,4-dimethoxyphenol (10m) were 

subjected to the Mannich reaction under very mild reaction conditions13. The resulting product 

ratios (γ − vs. α -attack, respectively) as well as the chemical yields are depicted in Table 1. 

 

The differences between the regiochemical outcome of the phenols (3, 10b, 10d, and 10f) with 

their fused five membered rings in comparison to those having fused six membered rings (4, 

10c, 10e, and 10g), can be rationalized by invoking the so-called Mills-Nixon effect14. Mills and 

Nixon found that some bicyclic fused benzenes, containing a saturated six membered ring, 

exhibit a different orientation (mainly via α-attack) in their electrophilic aromatic brominations, 

as compared to both their five membered and seven membered ring analogues (which were 

reported to react mainly via γ-attack. 
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Phenol12 n X Y Yield13, 

14 
(%) 

Regioisomer
 

Ratio*) (%) 

     γ−position α−position 
3 1 O O 76 100 0 
4 2 O O 50 62 38 

10a 3 O O 44 67  33 
10b 1 O CH2 56 100 0 
10c 2 O CH2 35 21 79 
10d 1 CH2 O 61 100 0 
10e 2 CH2 O 37 21 79 
10f 1 CH2 CH2 47 77 23 
10g 2 CH2 CH2 51 34 66 
10h 1 O C=O 27 0 100 
10i 2 O C=O 57 0 100 
10j 2 C=O O 59 0 100 
10k    70 100 0 
10l    63 100 0 

10m    64 100 0 
  *) Molar product ratios were determined via 1H-NMR integration of the aromatic signals. 
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This phenomenon was initially explained by assuming that the ring fused to the aromatic 

system affects either the bond angles at the common link or the bond length thereof, thereby 

affecting the stability of the various possible transition states for substitution15. As these 

differences in bond angles or lengths could not be detected neither experimentally nor by 

several kinds of calculations, this explanation is very unlikely to account for the orientation 

results. The amount of (hyper)conjugation of the orbitals at the common link was postulated to 

rationalize the observed modes of orientation16. It was rationalised by Behan et al.16 that the 

rate of reaction at the α−position for different conjugative effects will not vary so much as the 

rates of reaction at their γ−position. The results in Table 1 reveal a different orientation 

(exclusively γ-orientation) in the Mannich reaction of the bicyclic phenols (3, 10b, and 10d) (all 



 
 
  

 

containing a fused five membered ring) in comparison to those having fused six membered 

rings, viz. 4, 10c, 10e, and 10g (both α− and γ−orientation). The regiochemical outcome of the 

seven membered ring analogue (10a) resembles that of its six membered ring analogue (4). 

The orientation (predominantly γ, but also some α) in the case of the indan derivative (10f) is 

less pronounced as compared with the results of 3, 10b, and 10d, respectively. The observed 

orientation is in agreement with the observed regiochemistry in the bromination of indanes17. 

 
It was found that the rates of reaction in the five membered ring analogs in which X=O (3 and 

10b) are considerably higher than those in which X = CH2 (10d and 10f). These rate 

differences may be explained by the stronger mesomeric electron donating power of this 

oxygen atom in the intermediate σ-complex, in comparison to the hyperconjugative effect of 

the CH2 group. The lower reactivity of 10h in which X=O seems to contradict the foregoing 

statement, but can be rationalised by invoking the inductive electron withdrawing effect from 

the adjacent carbonyl group (via the methylene group in the annelated ring) on this oxygen 

atom. This is confirmed by electron density calculations (MOPAC, AM1) which indeed reveal a 

somewhat lower electron density at the ring oxygen atom in 10h as compared to 10i18. 

 
The lack of high regioselectivities in the Mannich reaction of the phenols (4, 10a, 10c, and  

10e-g) prompted to test also the bicyclics (10h-j). As these latter compounds contain a  

strongly electron withdrawing carbonyl substituent in the annelated ring, we anticipated a 

profound effect on the regiochemical outcome. As a matter of fact, the benzofuranone (10h) 

and both chromanones (10I) and (10j) react exclusively at their α−position. Apparently, the  

size of the annelated ring is not the regiochemistry denominator for these compounds. The 

observed α−orientation can be rationalised by the theory of Dewar19, which states that 1,2,4-

trisubstituted benzenes, wherein an electron withdrawing and an electron donating substituent 

are ortho to each other and which have an electron donating substituent at their 4-position, will 

mainly yield the 1,2,3,4-monosubstition product. This phenomenon19 has been ascribed to the 

conjugation between the adjacent 1- and 2-substituent which tend to increase the bond order 

of the annular bond and thereby direct substitution to the 3-position. 

Intriguingly, the orientation in the case of 6-hydroxy-benzodioxin (10l) is not in line with its 

benzodioxane derivative (4), but instead resembles that of sesamol (3). This may be ascribed 

to either the electron rich nature of the olefinic bond in the attached ring, which may give a 

strong charge stabilisation of the intermediate cationic σ-complex, or by the decrease of strain, 

as compared with its benzodioxane congener (4).  



 
 
  

 

3,4-Dimethoxyphenol (10m) can be regarded as the monocyclic counterpart of the bicyclics (3) 

and (4). As in 10m the fused ring is absent, the possibility of additional strain by the fused ring 

attachment in the intermediate cationic σ-complex, is absent too. The regiochemical outcome17 

of the Mannich reaction in 10m resembles the orientation of 5-hydroxy-1,3-benzodioxole (3). 

Also, compound (10k)  (the dimethyl congener of 3) shows the same regioselectivity as 

compared with 3. 

The rate of reaction in the Mannich reactions of both 3 and 10k is higher in comparison to  

10m. It may be concluded that apparently the conjugative electron donating effect of the 

methylenedioxy moieties in both 3 and 10k, and the minor opposing effect of ring strain, gives 

an optimal charge stabilisation of their intermediate σ-complexes, thereby resulting in a fast 

and regiospecific Mannich reaction.  

 
CONCLUSIONS 

Two types of highly regioselective Mannich reactions on bicyclic phenols are highlighted, 

thereby enabling easy synthetic access to pure dialkylaminomethylphenols (1) as 

pharmaceutically relevant building blocks. 

The bicyclic phenols (3, 10b, 10d, 10k, and 10l), which contain electron donating alkyl groups 

or oxygen atoms in their fused ring, were shown to react regiospecifically via γ-attack. 

The bicyclic phenols (10h-j), which contain both an electron withdrawing carbonyl group and 

an electron donating substituent in their fused ring, were shown to react regiospecifically via α-

attack. The observed regioselectivity (γ-attack versus α-attack) in the Mannich reaction of the 

exemplified bicyclic phenols (3, 4, and 10), strongly depends on both the composition and size 

of the fused ring (the possible directing effect of occurring ring strain, in combination with the 

extent of charge stabilisation in their intermediate cationic σ-complexes).  

 
ACKNOWLEDGEMENT 

Mr. Koos Tipker (Medicinal Chemistry Department) is gratefully acknowledged for performing 

the MOPAC-AM1 calculations. We wish to express our appreciation to Dr. Jan van 

Maarseveen for his helpful suggestions and Mr. Karel Stegman for supplying the MS data. 

 
REFERENCES AND NOTES 
1. J. H. Burckhalter, F. H. Tendick, E. M. Jones, P. A. Jones, W. F. Holcomb, and A. L. 

Rawlins, J. Am. Chem. Soc., 1948, 70, 1363. 
2. K. Chang, G. C. Rigdon, J. L. Howard, and R. W. McNutt, J. Pharmacol. Exp. Ther.,    

1993, 267, 852.  
 



 
 
  

 

3. S. Liao, J. Alfaro-Lopez, M. D. Shenderovich, K. Hosohata, J. Lin, X. Li, D. Stropova, P. 
Davis, K. A. Jernigan, F. Porreca, H. I. Yamamura, and V. J. Hruby, J. Med. Chem.,  
1998, 41, 4767. 

4. D. T. Witiak, I. van Wijngaarden, R. Nair, J. H. M. Lange, and J. A. J. den Hartog, Eur. 
Pat. Appl. EP 418,430, 1991 (Chem. Abstr., 1991, 115, 71575v). 

5. J. H. M. Lange, G. P. Toorop, J. A. J.  den Hartog, and I. van Wijngaarden, Eur. Pat. Appl. 
EP 505,005, 1992 (Chem. Abstr., 1993, 118, 59701n).  

6. F.  F. Blicke,  Org. React., 1942, 1, 303; H. Hellmann and G. Opitz, Angew. Chem., 1956, 
68, 265; M. Tramontini and L. Angiolini, ‘Mannich Bases: Chemistry and Uses,’ CRC 
Press, Boca Raton, 1994, pp. 32-36. 

7.     H. Heaney, ‘Comprehensive Organic Synthesis: Selectivity, Strategy & Efficiency in 
Modern Organic Synthesis,’ Vol. 4, ed. by B. M. Trost, Pergamon Press, Oxford, 1991, 
pp. 953-973 and references cited therein. 

8. J. H. Short, D. A. Dunnigan, and C. W. Ours, Tetrahedron, 1973, 29, 1931. 
9. The Mannich reaction is irreversible, as both purified 6 and 7 were not interconverted 

under the applied reaction conditions of the Mannich reaction. 
10. The observed higher selectivity in the presence of TFA may be ascribed to an alternative 

reaction mechanism at lower pH values, as addition of TFA is known to convert 
methylene bis-amines to the corresponding, more reactive, immonium ions. Cf. B. B. 
Thompson, J. Pharm. Sc., 1968, 57, 715; M. Tramontini, Synthesis, 1973, 703. 

11. L. Jurd, J. Heterocycl. Chem., 1985, 22, 993; ibid., 1988, 25, 89. 
12. Phenols (3, 10f, 10g, 10h, and 10m) are commercially available. The others were 

prepared following literature procedures: 6-hydroxy-1,4-benzodioxane (4) and 3,4-
dihydro-7-hydroxy-2H-1,5-dioxepin (10a) were prepared from the corresponding 
aldehydes according to Koch’s procedure: Acid-catalysed Baeyer-Villiger oxidation, 
followed by aqueous basic hydrolysis of the intermediate formates, liberates the aromatic 
hydroxy moiety. S. S. C. Koch and A. R. Chamberlin, Synth. Commun., 1989, 19, 829. 
Compound (4) can also be prepared by diazotation of 6-amino-benzo-1,4-dioxane. Cf. P. 
M. Heertjes, B. J.  Knape, H. C. A. van Beek, and K. van den Boogaart, J. Chem. Soc., 
1957, 3445. 2,3-dihydro-6-hydroxybenzofuran (10b): M. E.  Oberholzer, G. J. H. Rall, and 
D. G. Roux, J. Chem. Soc. Perkin Trans. I, 1977, 423. 7-hydroxychroman (10c) and 7-
hydroxychroman-4-one (10I): P. Naylor, G. R. Ramage, and F. Schofield, J. Chem. Soc., 
1958, 1190. 2,3-dihydro-5-hydroxybenzofuran (10d): H. Selander, and J. L. G. Nilsson, 
Acta Chem. Scand., 1972, 26, 2433, 3377. 6-hydroxychroman (10e): A. O. Fitton and G. 
R. Ramage, J. Chem. Soc., 1963, 5426. 6-hydroxychroman-4-one (10j): E. Gottesmann, 
Chem. Ber., 1933, 66, 1168. 2,2-dimethyl-5-hydroxy-1,3-benzodioxole (10k) was 
prepared from the corresponding 5-acetyl derivative by acid-catalyzed Baeyer-Villiger 
oxidation according to Koch’s procedure, Cf. G. Podda, A. Maccioni, A. M. Fadda, S.  
Daolio, B. Pelli, and P. Traldi, Org. Mass Spectrom., 1984, 19, 496. 6-hydroxy-1,4-
benzodioxin (10l): G. Guilaumet, M. Hretani, G. Coudert, D. Averbeck, and S. Averbeck, 
Eur. J. Med. Chem., 1990, 25, 45. 



 
 
  

 

13. The progress of the reaction was monitored by TLC. In some cases, a small amount of 
starting phenol was still present at work-up. The yields refer to the isolated γ- and α-
regioisomer mixtures. 

14. Mannich reaction of sesamol (3) - To a stirred solution of 3 (5.00 gram, 0.0362 mol) and 
N-methylpiperazine (3.63 g, 0.0362 mol) in EtOH (25 mL) was slowly added  
formaldehyde (29.4 g, 37 % aqueous solution which contains 0.0362 mol formaldehyde). 
The resulting solution was stirred for 4 h at rt and evaporated in vacuo to afford a yellow 
solid (9.0 g). Recrystallisation from EtOAc gave the γ−isomer 5-hydroxy-6-[(4-methyl-1-
piperazinyl)methyl]-1,3-benzodioxole (6.9 g, 76 %). mp 95-97 oC (white powder). 1H-NMR 
(400 MHz, CDCl3) δ: 2.30 (s, 3H), 2.40-2.80 (m, 9H), 3.60 (s, 2H), 5.86 (s, 2H), 6.40 (s, 
1H), 6.46 (s, 1H). EIMS m/z: (rel. int.) 250 (M+, 15), 150 (32), 100 (39), 58 (100). HRMS 
m/z: calcd for C13H18N2O3: 250.1317. Found: 250.1337. 

 The Mannich reaction of 6-hydroxy-1,4-benzodioxane  (4) was carried out according to 
the above procedure described for 3, but as the reaction proceeded more slowly, the 
required reaction time for completion was 20 h. The reaction yielded an oil which 
consisted of 6 and 7 in a molar ratio of 62 : 38, respectively, according to 1H-NMR 
integration (Cf. Table 1). 6-hydroxy-7-[(4-methyl-1-piperazinyl)methyl]-1,4-benzodioxane 
(6): 1H-NMR (400 MHz, CDCl3) δ: 2.30 (s, 3H), 2.40-2.90 (m, 9H), 3.60 (s, 2H), 4.15-4.23 
(m, 4H), 6.36 (s, 1H), 6.49 (s, 1H). 6-hydroxy-5-[(4-methyl-1-piperazinyl)methyl]-1,4-
benzodioxane (7): 1H-NMR (400 MHz, CDCl3) δ: 2.31 (s, 3H), 2.40-2.90 (m, 9H), 3.75 (s, 
2H), 4.15-4.23 (m, 4H), 6.32 (d, J=8 Hz, 1H), 6.67 (d, J=8 Hz, 1H). 
The Mannich reaction of 2,2-dimethyl-5-hydroxy-1,3-benzodioxole (10k) (14.7 g, 0.0886 
mol) was carried out according to the above procedure for 3, to afford the γ−isomer 2,2-
dimethyl-5-hydroxy-6-[(4-methyl-1-piperazinyl) methyl]-1,3-benzodioxole in 70 % yield, 
after recrystallisation from petroleum ether. mp 99-101 oC (colorless plates). 1H-NMR (400 
MHz, CDCl3) δ: 1.63 (s, 6H), 2.30 (s, 3H), 2.40-2.80 (m, 9H), 3.58 (s, 2H), 6.31 (s, 1H), 
6.35 (s, 1H). EIMS m/z: (rel. int.) 278 (M+, 35), 178 (96), 138 (65), 58 (100). HRMS m/z: 
calcd for C15H22N2O3: 278.1630. Found: 278.1634. 

15. W.H. Mills and I.G. Nixon, J. Chem. Soc., 1930, 2510; H. D. Springall, G. C. Hampson, 
C.G. May, and H. Spedding, J. Chem. Soc., 1949, 1524; J. L. G. Nilsson, H. Selander, H. 
Sievertsson, I. Skanberg, and K-G. Svensson, Acta Chem. Scand., 1971, 25, 94; J. H. 
Czernohorsky, K. E. Richards, and G. J. Wright, Aust. J. Chem., 1972, 25, 1459.  

16. J. M. Behan, F. M. Dean, and R. A. W. Johnstone, Tetrahedron, 1976, 32, 167. 
17. K-G. Svensson, H. Selander, M. Karlsson, and J. L. G. Nilsson, Tetrahedron, 1973, 29,   

1115. 
18. The value of the calculated electron density at the ring oxygen atom in 10h is 6.22, as 

compared to 6.18 for 10i. MOPAC as part of SYBYL Molecular Modelling Software (6.4) 
from Tripos Associates Inc., St. Louis, USA, was used to perform these calculations. 

19.    M. J. S. Dewar, J. Chem. Soc., 1949, 463. 
 


