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The current report shows that use of formaldehyde as 

aldehyde reagent and amines in the form of free bases in 

the aminomethylation of 1-(1-hydroxynaphthalen-2-

yl)ethanone produces selectively phenolic Mannich bases 

having the aminomethyl group at position 4 of the fused 

carbocycle, irrespective of the nature of the solvent 

employed as reaction medium (ethanol or benzene). In 

addition to a series of ten mono-Mannich bases prepared 

from 1′-hydroxy-2′-acetonaphthone under these 

experimental conditions, a bis-Mannich base was also 

obtained from this substrate using piperazine as the amine 

reagent. The structure of these aminomethylated derivatives of 1-(1-hydroxynaphthalen-2-yl)ethanone has been confirmed for the 

first time beyond any doubt through NMR spectroscopic investigation. The X-ray single crystal diffraction analysis of 1-{1-hydroxy-

4-[4-(2-pyridyl)piperazin-1-ylmethyl]naphthalen-2-yl}ethanone further substantiates the structure of these compounds. Four 

selected Mannich bases from this series exhibited no antimicrobial activity against S. aureus, E. coli and C. albicans at a 

concentration of 100 mg/mL.  

 

 
INTRODUCTION 

In addition to alkyl ketones, alkynes and 

heterocyclic compounds with various structures, 
phenols are one of the most representative 

substrates in the Mannich reaction.1 The amine 
reagent in the Mannich condensation of phenols as 

substrates could be either primary or secondary, and 
aliphatic amines are employed most of the times, 

but examples of use of (hetero)aromatic amines in 
aminomethylation of phenols are also available.2,3 

The aminomethyl group in the resulting phenolic 
Mannich bases usually replaces a hydrogen atom at 

a carbon in position ortho to the phenolic hydroxyl. 

When both positions ortho to the hydroxyl are 
occupied, the Mannich reaction takes a different 

course, and the aminomethyl group substitutes the 
hydrogen in position para to the phenolic hydroxyl.4 

Also, the Mannich reaction of phenols with bulky 
substituents on the aromatic ring that sterically 

hinder the aminomethylation at position ortho to the 
hydroxyl group has also been shown to occur at 

position para to the phenolic hydroxyl.5 Reaction of 
phenols with a free ortho position with one 

equivalent of a primary amine and two equivalents 
of formaldehyde leads to 3,4-dihydro-2H-benzo[e]-

1,3-oxazine (commonly known as 1,3-

benzoxazines),6 which have found significant 
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application as precursors of polybenzoxazine-based 
phenolic resins, a type of thermosets with near-zero 

volumetric shrinkage upon crosslinking, high glass 
transition temperature, high degradation 

temperatures, low flammability, and high char 

yields.7 Owing to the spatial proximity of the 
hydroxyl and aminomethyl groups in ortho phenolic 

Mannich bases, these compounds can act as ligands 
for the generation of metal complexes that are useful 

as catalysts in polymerization8,9 and oxidation 
processes,10 or present biomimetic enzyme-like 

activities similar to those of catechol oxidase,11 
phenoxazinone synthase12 or phosphatase.13 

Phenolic Mannich bases exhibit various biological 
properties,14 aminomethylation of phenolic 

substrates being performed either with a view to 
increase the bioactivity of the parent compounds, 

but also as a mean to improve their bioavailability 
by rendering the molecule more readily soluble in 

water. The modern chemistry of ortho phenolic 
Mannich bases seems to be so far mostly centered 

on their ability to generate ortho-quinone methides, 
which further take part in cascade (aza)-

Michael/intramolecular nucleophilic substitution 

reactions or Diels–Alder reactions with electron-
rich olefins,15,16 while replacement of the amino 

fragment in the aminomethyl group by 
nucleophiles, or functionalization of the hydroxyl 

group in phenolic Mannich bases are scarcely 
represented in literature. The presence of other 

reactive functional groups as substituents of the 
aromatic scaffolds in the structure of phenolic 

Mannich bases would broaden their chemistry and 
allow access to other classes of organic compounds 

through independent chemical modifications of 
those functional groups. From this point of view, 

phenolic aldehydes or ketones are particularly 
attractive, given the significant number of known 

potential chemical transformations of the carbonyl 
function. Currently, the examples of 

aminomethylated phenolic aldehydes and ketones 

are limited to those from the benzene series, and the 
Mannich bases of the para- or meta-

hydroxybenzaldehydes and para- or meta-
hydroxyacetophenones can be identified as 

scaffolds for cytotoxic phenolic chalcones,17 
antimalarial candidates,18,19 agents for the treatment 

of Alzheimer's disease,20 reactivators for VX- and 
sarin-inhibited acetylcholinesterase21 or compounds 

with anti-inflammatory action.22 Besides their 
applications in medicinal chemistry, many phenolic 

Mannich bases derived from salicylaldehydes are 
employed as ligands or intermediates in the 

preparation of ligands in coordination chemistry.23–

26 To the best of our knowledge, synthesis of 
phenolic Mannich bases of 2′-

hydroxyacetophenones through direct 
aminomethylation has been reported in literature 

only once so far,27 while one report28 details the 

synthesis of 3-aminomethyl-2-hydroxy-5-
methylacetophenones through the replacement of 

the halogen in the corresponding 3-halomethyl-5-
substituted-2-hydroxyacetophenones with amines 

rather than through direct aminomethylation. 
Furthermore, mention of the aminomethylation of 

phenolic aldehydes and ketones in the naphthalene 
series has been encountered only three times in 

literature, and all of these reports have appeared in 
difficultly accessible journals published either in 

Japanese29 or Russian.30,31 The present study reports 
the aminomethylation of 1-(1-hydroxynaphthalen-

2-yl)ethanone under two experimental conditions 
and provides a structural characterization of the 

resulting compounds (some of which have been 
hitherto unknown). In addition, a single crystal X-

ray structure of a selected aminomethylated 1-(1-
hydroxynaphthalen-2-yl)ethanone is reported, 

while exploratory investigation of the antimicrobial 

activity of several members of this small collection 
of phenolic Mannich bases has been also 

undertaken. 

RESULTS AND DISCUSSION 

The presence in the structure of 1-(1-

hydroxynaphthalen-2-yl)ethanone 1 of a carbonyl 

group and of a phenolic hydroxyl that may act 

independently as activating functions in the 

Mannich reaction could be exploited for the 

chemoselective generation of ketonic Mannich 

bases or of phenolic Mannich bases.32 The 

information in the three available literature sources 

that deal with the aminomethylation of 1-(1-

hydroxynaphthalen-2-yl)ethanone 1 appears to be 

slightly inconsistent. The first study (in 

chronological order) to be published on this topic 

reported that the Mannich reaction of substrate 1 

with secondary aliphatic amines in protic solvents 

(water for diethylamine, ethanol for morpholine 

and piperidine) at reflux temperature afforded 3-

(N,N-dialkylamino)-1-(1-hydroxynaphthalen-2-

yl)propanones (ketonic Manich bases).29 It is 

commonly accepted nowadays that ketonic 

Manich bases are obtained when hydrochlorides 

(or other salts) of secondary dialkylamines rather 

than dialkylamines as free base are employed in 

aminomethylation of ketones.1 In addition, the 
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experimental conditions presented in this first 

study are more appropriate for the preparation of 

phenolic Mannich bases through substitution of the 

hydrogen atom in position 4 of the naphthalene 

ring system with an aminomethyl group. The 

second study (in chronological order) on the 

Mannich reaction of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 reported the synthesis of six 

phenolic Mannich bases from this substrate using 

secondary aliphatic amines in benzene at reflux 

temperature.30 Interestingly, three of these 

phenolic Mannich bases derive from the same 

secondary aliphatic amines that were employed by 

the Japanese authors in their study.  

While no NMR data is available for these 

Mannich bases in either of these articles, a 

comparison of the melting points for the alleged 

ketonic Mannich bases and the presumed phenolic 

Mannich bases that originate from the same 

secondary aliphatic amine showed that they are 

very similar (75–78 °C,29 versus 77–79 °C,30 for 

the ketonic and phenolic aminomethylation 

products, respectively, based on diethylamine; 

124–126 °C,29 versus 126–127 °C,30 for the ketonic 

and phenolic aminomethylation products, 

respectively, based on morpholine; 124–125 °C,29 

versus 122–123 °C,30 for the ketonic and phenolic 

aminomethylation products, respectively, based on 

piperidine). This body of evidence suggests that 

the structural assignment made by the Japanese 

authors is most likely incorrect. The third study (in 

chronological order) on the aminomethylation of 

1-(1-hydroxynaphthalen-2-yl)ethanone 1 (for 

which only the information provided in Chemical 

Abstracts was available to us) states that the use of 

free secondary amines and either protic or aprotic 

solvents yields phenolic Mannich bases, while the 

use of dimethylamine hydrochloride as amine 

reagent in the aminomethylation of substrate 1 in 

2-propanol at reflux temperature gave the 

corresponding ketonic Mannich base 

hydrochloride.31 With a view to settle the 

conflicting reports on the nature of these Mannich 

bases, the synthesis of aminomethylation products 

of 1-(1-hydroxynaphthalen-2-yl)ethanone 1 with 

morpholine and piperidine in ethanol at reflux 

temperature was reexamined (Scheme 1). When an 

equimolar amount was employed, analysis of the 

crude solid that separated out through refrigeration 

of the reaction mixture by NMR spectroscopy 

showed that it contained two compounds in 

relative ratio 5 to 1. Comparison with the proton 

spectrum of the starting material proved that the 

minor component was the starting material. 

Repeated recrystallization of the crude material 

from 96% ethanol afforded the pure major 

component in the initial mixture in 35% yield. 

Inspection of its 1H NMR spectrum confirmed that 

morpholine was present in its structure. The 

absence of two triplets in the aliphatic region (a 

standard feature for the proton spectra of ketonic 

Mannich bases33,34), corroborated with the 

presence of a singlet at 2.71 ppm that corresponds 

to the methyl group in the acetyl function strongly 

suggested that the aminomethylation did not occur 

in position α to the carbonyl group to produce the 

β-amino ketone that was posited by the Japanese 

authors.  

Closer inspection of the same proton NMR 

spectrum showed that only signals of five aromatic 

protons could be identified in the aromatic region, 

while a novel singlet integrating for two protons was 

found at 3.80 ppm. It was therefore inferred that 

aminomethylation took instead place in the 

aromatic ring system of substrate 1 under these 

reaction conditions, leading to phenolic Mannich 

base 2 whose protons of the methylene group 

linking the naphthalene ring system and the 

morpholine moiety could be associated with the 

signal with a chemical shift of 3.80 ppm. In the 13C 

NMR spectrum of the Mannich base generated 

when the reaction was performed in ethanol, the two 

types of magnetically non-equivalent carbon atoms 

of morpholine were identified at 53.6 ppm and 67.1 

ppm, while the peak at 61.6 ppm was assigned to the 

carbon atom in the methylene group bridging the 

naphthalene ring system and morpholine. A DEPT 

analysis confirmed the presence of only five tertiary 

aromatic carbon atoms in the structure of the 

aminomethylated derivative of substrate 1 that was 

obtained using this synthetic approach, and 

correlation spectroscopy provided further proof 

pointing toward a structure corresponding to 

phenolic Mannich base 2. Because unreacted 

substrate that hindered the purification of 

compound 2 was evidenced in the crude reaction 

mixture under the conditions employed in the report 

of Okuda and Matsumoto,29 an excess of 

formaldehyde and morpholine was used in a 

subsequent experiment. In this case, the crude solid 

retained only traces of unreacted substrate, and a 

pure sample of Mannich base 2 could be obtained in 

moderate yield (62%) after one recrystallization. 

Moreover, a scaled-up process conducted with 15 

mmoles of substrate 1 and twofold excess of 

aminomethylating agents yielded the expected 
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Mannich base 2 with further improved yields (85%), 

which was interpreted as an indication that the 

moderate yields of compound 2 recorded in several 

experiments based on 3 mmoles of substrate 1 were 

rather due to the loss incurred by handling small 

amounts of materials during recrystallization than to 

less than optimal reaction conditions. An 

experiment under the established reaction 

conditions but using piperidine instead of 

morpholine as the amine reagent in 

aminomethylation of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 in ethanol was also performed, and 

Mannich base 3 was isolated similarly to compound 

2. Examination of the data garnered from the NMR 

experiments for the piperidine-derived 

aminomethylated derivative of substrate 1 also 

pointed to a phenolic Mannich base. Finally, a 

comparison of the melting points of the Mannich 

bases resulted in these experiments and those 

reported in the literature for the aminomethylation 

derivatives of substrate 1 under very similar 

conditions suggests that compounds 2 and 3 are very 

likely the same compounds that were prepared by 

Okuda and Matsumoto, but these compounds’ 

correct structures correspond to phenolic Mannich 

bases, not to ketonic Mannich bases.    

 

 

Scheme 1 – Aminomethylation of 1-(1-hydroxynaphthalen-2-yl)ethanone 1.  

Reaction conditions: (i) 96% ethanol, 2 h; (ii) benzene, 3 h. 

 

Having established that aminomethylation of 

1-(1-hydroxynaphthalen-2-yl)ethanone 1 in 

ethanol (a protic solvent) leads to phenolic 

Mannich bases, the Mannich reaction of substrate 

in benzene (aprotic solvent), as reported by 

Gasanov, was also revisited. First, substrate 1 was 

reacted with formaldehyde as aldehyde 

component in aminomethylation and morpholine 

as amine reagent (Scheme 1). Work-up of the 

reaction mixture and recrystallization of the 

resulting residue from 96% ethanol afforded 

yellow crystals which had the same melting point 

as the corresponding morpholine-containing 

compound 2 and the same NMR spectroscopic 

characteristics. A run of the same experiment 

using piperidine as amine reagent instead of 

morpholine yielded also yellow crystals with 

identical melting point and NMR spectra as 

piperidine-containing compound 3. Therefore, the 

aminomethylation of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 using amines as free bases gives 

only phenolic Mannich bases, irrespective of the 
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solvent employed in the reaction. However, 

compared to the results of the experiments 

performed in ethanol, the morpholine-containing 

Mannich base 2 was obtained with poorer yields 

in benzene as a solvent, while the piperidine-

containing Mannich base 3 was isolated with 

higher yields. Next, with a view to produce 

Mannich bases of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 that have not been hitherto reported 

in literature, aminomethylation of the 

aforementioned substrate with other secondary 

cyclic aliphatic amines in benzene was 

undertaken (Scheme 1). The reaction proceeded 

smoothly with a variety of amines to afford the 

expected aminomethylation products in good to 

moderate yields after recrystallization. Lower 

yields of Mannich bases of 1-(1-

hydroxynaphthalen-2-yl)ethanone 1 were 

recorded in the case of thiomorpholine (which 

behaved in this reaction in a manner similar to 

that of its oxygen-containing analog) and for the 

two piperazines substituted at N-4 with aromatic 

rings. Structural characterization by NMR 

spectroscopy of Mannich bases 4–11 revealed the 

presence of the singlet associated with the protons 

in the analogous methylene groups in the 

structurally diverse aminomethyl moieties in 

these compounds in the range 3.70–3.90 ppm, 

while the carbon atom from the same analogous 

methylene groups in Mannich bases 4–11 is 

usually at approximately 61 ppm (with the 

exception of compound 4, in which case this 

particular peak appears at 58.5 ppm).  

In the latest years, X-ray single crystal structures 

of phenolic Mannich bases derived have been 

reported in the literature.35–39 These crystal 

structures are usually derived from 

hydroxybenzenes that feature an aminomethyl 

moiety in position ortho to the phenolic hydroxyl. 

In addition to the structural investigation by NMR 

spectroscopy, one of phenolic Mannich bases 

reported in this study was also characterized by 

single crystal X-ray diffraction analysis. For this, a 

suitable crystal of compound 10 was selected from 

those obtained through recrystallization from 96% 

ethanol of the crude solid that was isolated from 

reaction mixture. The main crystallographic data 

collected in the experiment, together with the 

refinement details, are summarized in Table 1. 

Mannich base 10 crystalizes in the triclinic P−1 

space group with one molecule in the asymmetric 

part (Fig. 1). The molecule has a non-planar 

configuration, with a dihedral angle of 8.3836(13)° 

between the pyridine and the piperazine ring, and a 

dihedral angle of 95.593(10)° between the 

piperazine ring and naphthalene ring system. The 

main crystal packing motif is consolidated through 

a system of π–π stacking with centroid-to-centroid 

distances of 3.7029(3)Å involving C12/C17–C22 

six-membered rings, and also through C–H···π 

interactions of 2.7633(3)Å involving C6–

H···N1/C1–C5 pyridine rings (Fig. 2). The auto-

assembly of the asymmetric units leads to the 

formation of a crystalline structure featuring weak 

van der Waals interactions between molecules (Fig. 

3). Interatomic distances and angles in the structure 

of phenolic Mannich base 10 are given in Table S1 

in Electronic Supplementary Information, while the 

characteristics of the hydrogen bond can be found 

in Table S2. 

Table 1 

Crystal data and details of data collection. 
 

compound 10 

empirical formula  C22H23N3O2 

Fw 361.43 

space group P−1 

a [Å] 7.5065(6) 

b [Å] 8.6360(9) 

c [Å] 15.7994(8) 

α [°] 101.083(6) 

β [°] 93.155(6) 

γ [°] 110.264(9) 

V [Å3] 934.64(15) 

Z 2 

ρcalcd [g·cm−3] 1.284 

crystal size [mm] 0.30 × 0.15 × 0.10 

T [K] 293 

 [mm−1] 0.084 

2Θ range 5.162 to 52.73 

reflections collected 8291 

independent reflections 3828 [Rint = 0.0280] 

data/restraints/parameter

s 
3828/0/247 

R1
 

0.0517 

wR2
 

0.1322 

GOF 
1.031 

Largest diff. peak/hole 

[e·Å−3] 
0.16/−0.17 

CCDC no. 2357663 
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Fig. 1 – X-ray molecular structure of compound 10 with atom labelling and thermal ellipsoids at 50%.  

 

 
Fig. 2 – Intermolecular π–π stacking and C-H···π interactions between the molecules of compound 10. The 

aromatic rings involved in these interactions are highlighted in light green. Non-participating hydrogen atoms 

were removed for clarity. 

 

 
Fig. 3 – Partial view of the crystal packing along b crystallographic axis for Mannich base 10. 

 

Aminomethylation of 1-(1-hydroxynaphthalen-

2-yl)ethanone 1 with a bifunctional secondary 

cyclic aliphatic amine was also investigated. The 

synthetic approach in ethanol as solvent afforded 

very good yields of aminomethylation product 12 

(Scheme 2) as a solid that was deemed pure as such 

(without recrystallization) based on its proton NMR 

spectrum, which was devoid of any other signals 

apart from those that could be attributed to a single 

compound. The integration of the signals in the 

proton NMR spectrum of compound 12 confirmed 

the presence of two moieties originating from 

substrate 1 and only one piperazine moiety in its 

structure, thus proving that compound 12 has the 
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structure of a bis-Mannich base. Again, the singlet 

corresponding to the protons in the two methylene 

groups that join the piperazine moiety with the two 

naphthalene ring systems appears at 3.79 ppm, 

while the carbon atoms in the same groups give one 

peak at 61.0 ppm.  

 

 
Scheme 2 – Synthesis of a bis-Mannich base from 1-(1-hydroxynaphthalen-2-yl)ethanone 1. 

  

Aminomethylation of substrates with various 

structures is often performed with a view to generate 

novel biologically active compounds or to improve 

the activity of known pharmacological agents.14,40,41 

Because a significant number of studies have 

reported aminomethylated hydroxyarenes that 

possess antibacterial activity,42–47 a preliminary 

evaluation of antimicrobial susceptibility was 

performed for a few phenolic Mannich bases 

reported in this study. The antimicrobial 

susceptibility was assessed using the Kirby–Bauer 

agar disk diffusion test, which involves the addition 

of the tested compounds on the culture medium pre-

inoculated with the microbial suspension, and 

measuring the clear zone caused by the growth 

inhibition around the disks after 24 h of incubation. 

The compounds selected for this evaluation were 

Mannich bases 2, 5, 7 and 12. The substrate 1 from 

which they had been generated was also included in 

the test in order to glean information on the effect of 

aminomethylation on the antimicrobial activity. In 

this preliminary assay, only one Gram-positive 

bacterial strain (S. aureus), one Gram-negative 

bacterial strain (E. coli) and one yeast (C. albicans) 

were employed as representative microorganisms 

for their specific types. Unfortunately, none of the 

compounds evaluated in the study presented 

antimicrobial activity against the tested reference 

strains at a concentration of 100 mg/mL. 

EXPERIMENTAL 

All chemical reagents and solvents were 

obtained from Merck–Sigma–Aldrich (Schnelldorf, 

Germany), and were used without prior purification. 

Melting points were taken on a Mel-Temp II 

apparatus and are uncorrected. 1H and 13C nuclear 

magnetic resonance (NMR) spectra were recorded 

on a Bruker Avance 400 MHz spectrometer. The 

signal owing to residual protons in deuterated 

chloroform (δ = 7.26 ppm) was used as internal 

standard for the 1H NMR spectra. The chemical 

shifts for the carbon atoms are given relative to 

CDCl3 (δ = 77.1 ppm). High-resolution mass spectra 

(HRMS) were obtained on an Applied 

Biosystems/MDS Sciex QSTAR XL spectrometer 

equipped with an Agilent HP1100 Cap-LC system, 

in electron ionization (EI) mode. Elemental analysis 

was performed on a Vario EL III CHNS analyzer. 

Single crystal X-ray diffraction measurements 

were carried out with an Oxford-Diffraction 

XCALIBUR E CCD diffractometer equipped with 

graphite-monochromated MoKα radiation. Single 

crystals were positioned at 40 mm from the detector 

and 424 frames were measured each for 20 s over 1° 

scan width. The unit cell determination and data 

integration were carried out by using the CrysAlis 

package of Oxford Diffraction.48 The structures 

were solved by Intrinsic Phasing using Olex249 

software with the SHELXT50 structure solution 

program and refined by full-matrix least-squares on 

F2 with SHELXL-201551 using an anisotropic 

model for non-hydrogen atoms. The H atoms 

attached to carbon were introduced in idealised 

positions (dCH = 0.96 Å) using the riding model, 

while those attached to oxygen were localized from 

Fourier maps and their positional parameters were 

refined according to hydrogen bonds parameters. 

Aminomethylation of 1-(1-hydroxynaphthalen-

2-yl)ethanone 1 in ethanol 

A solution of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 (558 mg, 3 mmol), secondary amine 

(6 mmol), aq. formaldehyde solution (37% by 

weight, 0.55 mL, 6 mmol) in 96% ethanol (5 mL) 

was heated at reflux temperature for 2 h. The solid 

that separated out when the reaction mixture was 
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placed in a freezer overnight was filtered, washed 

with a mixture of 2-propanol–hexanes (2 × 5 mL, 

1:4, v/v), air-dried, and recrystallized from a small 

volume of 96% ethanol.  

 

1-[1-Hydroxy-4-(morpholin-4-ylmethyl)naphthalen-

2 -yl]ethanone (2) 

Yellow crystals (530 mg, 62%), mp 126–127 °C 

(lit.30 mp 126–127 °C). 1H NMR (CDCl3, 400.1 

MHz), δ (ppm): 2.50 (t, J = 4.2 Hz, 4H), 2.71 (s, 

3H), 3.69 (t, J = 4.6 Hz, 4H), 3.80 (s, 2H), 7.57–

7.53 (m, 2H), 7.68 (t, J = 7.8 Hz, 1H), 8.25 (d, J = 

8.3 Hz, 1H), 8.49 (d, J = 8.3 Hz, 1H), 14.00 (s, 1H). 
13C NMR (CDCl3, 100.6 MHz), δ (ppm): 26.9, 

53.6, 61.6, 67.1, 112.3, 123.8, 124.7, 124.9, 125.6, 

125.8, 126.0, 130.0, 136.6, 162.4, 204.1. HRMS 

(EI), m/z (Da): calcd. for C17H19NO3 285.1365 

(M+); found: 285.1372. Anal. calcd. for 

C17H19NO3, %: C, 71.56; H, 6.71; N, 4.91. Found: 

C, 71.82; H, 6.90; N, 4.66. 

 

1-[1-Hydroxy-4-(piperidin-1-ylmethyl)naphthalen-

2-yl[ethanone (3) 

Yellow crystals (430 mg, 51%), mp 124–125 °C 

(lit.30 mp 122–123 °C). 1H NMR (CDCl3, 400.1 

MHz), δ (ppm): 1.38–1.66 (m, 6H), 2.45 (br s, 4H), 

2.70 (s, 3H), 3.74 (s, 2H), 7.48–7.71 (m, 3H), 8.23 

(d, J = 8.4 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H), 13.97 

(s, 1H). 13C NMR (CDCl3, 100.6 MHz), δ (ppm): 

24.7, 26.2, 27.0, 54.8, 61.7, 112.6, 124.8, 125.0, 

125.7, 125.8, 130.0, 136.9, 162.2, 204.4. HRMS 

(EI), m/z (Da), calcd. for C18H21NO2: 283.1572 

(M+); found: 283.1576. Anal. calcd. for C18H21NO2, 

%: C, 76.29; H, 7.47; N, 4.94. Found, %: C, 76.51; 

H, 7.65; N, 4.78. 

Aminomethylation of 1-(1-hydroxynaphthalen-

2-yl)ethanone 1 in benzene 

A mixture of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 (558 mg, 3 mmol), cyclic secondary 

amine (4 mmol), aq. formaldehyde solution (37% 

by weight, 0.55 mL, 6 mmol) in benzene (10 mL) 

was heated at reflux temperature for 3 h. The 

organic solvent was removed under reduced 

pressure, and the remaining water was pipetted out. 

The residue was recrystallized from 96% ethanol to 

afford phenolic Mannich bases 2–11 as crystalline 

solids with various shades of yellow. 

 

1-[1-Hydroxy-4-(morpholin-4-ylmethyl)naphthalen- 
2-yl]ethanone (2) was obtained as yellow crystals 

(495 mg, 58%), mp 126–127 °C. NMR data was 

identical to that of compound 2 obtained through 

aminomethylation of substrate 1 in ethanol. 

 

1-[1-Hydroxy-4-(piperidin-1-ylmethyl)naphthalen- 
2-yl]ethanone (3) was obtained as yellow crystals 

(690 mg, 81%), mp 124–125 °C. NMR data was 

identical to that of compound 3 obtained through 

aminomethylation of substrate 1 in ethanol. 

 

1-[1-Hydroxy-4-(pyrrolidin-1-ylmethyl)naphthalen- 
2-yl]ethanone (4) 

Yellow crystals (565 mg, 70%), mp 98–99 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 1.80 (br s, 

4H), 2.58 (br s, 4H), 2.72 (s, 3H), 3.94 (s, 2H), 7.49–

7.73 (m, 3H), 8.20 (d, J = 8.4 Hz, 1H), 8.49 (dd, J = 

8.4 and 0.8 Hz, 1H), 13.98 (s, 1H). 13C NMR 

(CDCl3, 100.6 MHz), δ (ppm): 23.7, 27.0, 54.5, 

58.5, 112.6, 124.6, 124.8, 125.1, 125.6, 125.8, 

126.0, 130.2, 136.6, 162.2, 204.4. HRMS (EI), m/z 

(Da), calcd. for C17H19NO2: 269.1416 (M+); found: 

269.1410. Anal. calcd. for C17H19NO2, %: C, 75.81; 

H, 7.11; N, 5.20. Found: C, 76.04; H, 7.38; N, 4.98. 

 

1-{1-Hydroxy-4-[(4-methylpiperidin-1-yl)methyl] 

naphthalen-2-yl}ethanone (5) 

Yellow crystals (760 mg, 85%), mp 114–115 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 0.92 (d, J 

= 6.4 Hz, 3H), 1.15–1.28 (m, 2H), 1.32–1.46 (m, 

1H), 1.60 (d, J = 14.0 Hz, 2H), 1.96–2.07 (m, 2H), 

2.71 (s, 3H), 2.86–2.94 (m, 2H), 3.75 (s, 2H), 7.49–

7.59 (m, 2H), 7.62–7.70 (m, 1H), 8.23 (d, J = 8.4 

Hz, 1H), 8.48 (dd, J = 0.8 and 8.4 Hz, 1H), 13.97 (s, 

1H). 13C NMR (CDCl3, 100 MHz), δ (ppm): 22.0, 

27.0, 31.1, 34.6, 54.3, 61.5, 112.6, 124.8, 125.0, 

125.2, 125.6, 125.7, 125.8, 130.0, 136.9, 162.2, 

204.4. HRMS (EI), m/z (Da), calcd. for C19H23NO2: 

297.1729 (M+); found: 297.1734. Anal. calcd. for 

C19H23NO2, %: C, 76.73; H, 7.80; N, 4.71. Found: 

C, 76.97; H, 7.98; N, 4.51.  

 

1-{4-[(4-Benzylpiperidin-1-yl)methyl]-1-hydroxy 

naphthalen-2-yl}ethanone (6) 

Yellow crystals (785 mg, 70%), mp 119–120 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 1.20–1.38 

(m, 2H), 1.49–1.68 (m, 3H), 1.99 (t, J = 11.2 Hz, 

2H), 2.54 (d, J = 6.8 Hz, 2H), 2.70 (s, 3H), 2.93 (d, 

J = 11.6 Hz, 2H), 3.76 (s, 2H), 7.09–7.22 (m, 3H), 

7.23–7.32 (m, 2H), 7.49–7.59 (m, 2H), 7.62–7.70 

(m, 1H), 8.23 (d, J = 8.4 Hz, 1H), 8.49 (dd, J = 0.8 

and 8.4 Hz, 1H), 13.98 (s, 1H). 13C NMR (CDCl3, 

100.6 MHz), δ (ppm): 27.0, 32.5, 38.3, 43.3, 54.2, 

61.4, 112.6, 124.8, 124.9, 125.7, 125.8, 125.9, 

128.3, 129.2, 130.0, 136.8, 140.9, 162.2, 204.4. 
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HRMS (EI), m/z (Da), calcd. for C25H27NO2: 

373.2042 (M+); found: 373.2048. Anal. calcd. for 

C25H27NO2, %: C, 80.40; H, 7.29; N, 3.75. Found: 

C, 80.13; H, 7.04; N, 3.79.  

 

1-[1-Hydroxy-4-(thiomorpholin-4-ylmethyl) 

naphthalen-2-yl]ethanone (7) 

Yellow crystals (360 mg, 40%), mp 137–138 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 2.62–2.68 

(m, 4H), 2.70 (s, 3H), 2.74–2.81 (m, 4H), 3.79 (s, 

2H), 7.49–7.58 (m, 2H), 7.62–7.70 (m, 1H), 8.19 (d, 

J = 8.4 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H), 13.99 (s, 

1H). 13C NMR (CDCl3, 100.6 MHz), δ (ppm): 27.0, 

28.3, 55.1, 61.9, 112.5, 124.1, 124.9, 125.0, 125.8, 

125.9, 126.1, 130.1, 136.7, 162.5, 204.3. HRMS 

(EI), m/z (Da), calcd. for C17H19NO2S: 301.1136 

(M+); found: 301.1128. Anal. calcd. for 

C17H19NO2S, %: C, 67.74; H, 6.35; N, 4.65. Found: 

C, 67.50; H, 6.11; N, 4.33. 

 

1-{4-[(4-Benzylpiperazin-1-yl)methyl]-1-hydroxy 

naphthalen-2-yl}ethanone (8) 

Yellow crystals (820 mg, 73%), mp 138–139 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 2.48 (br s, 

4H), 2.55 (br s, 4H), 2.70 (s, 3H), 3.51 (s, 2H), 3.80 

(s, 2H), 7.21–7.35 (m, 5H), 7.50–7.58 (m, 2H), 

7.63–7.70 (m, 1H), 8.22 (d, J = 8.4 Hz, 1H), 8.49 

(dd, J = 0.8 and 8.4 Hz, 1H), 13.98 (s, 1H). 13C 

NMR (CDCl3, 100.6 MHz), δ (ppm): 27.0, 53.3, 

61.1, 63.2, 112.5, 124.5, 124.8, 125.0, 125.7, 125.8, 

125.9, 127.1, 128.3, 129.3, 130.0, 136.8, 138.3, 

162.4, 204.4. HRMS (EI), m/z (Da), calcd. for 

C24H26N2O2: 374.1994 (M+); found: 374.2002. 

Anal. calcd. for C24H26N2O2, %: C, 76.98; H, 7.00; 

N, 8.54. Found: C, 77.22; H, 7.18; N, 8.27. 

 

1-{1-Hydroxy-4-[(4-phenylpiperazin-1-yl)methyl] 

naphthalen-2-yl}ethanone (9) 

Yellow crystals (500 mg, 46%), mp 176–177 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 2.68 (t, J = 

5.0 Hz, 4H), 2.72 (s, 3H), 3.20 (t, J = 5.0 Hz, 4H), 

3.87 (s, 2H), 6.85 (t, J = 3.6 Hz, 1H), 6.92 (d, J = 

7.6 Hz, 2H), 7.21–7.29 (m, 2H), 7.52–7.58 (m, 1H), 

7.60 (s, 1H), 7.64–7.70 (m, 1H), 8.27 (d, J = 8.4 Hz, 

1H), 8.51 (d, J = 8.4 Hz, 1H), 14.00 (s, 1H). 13C 

NMR (CDCl3, 100.6 MHz), δ (ppm): 27.0, 49.4, 

53.3, 61.2, 112.6, 116.2, 119.8, 124.3, 124.9, 125.0, 

125.8, 126.0, 126.1, 129.2, 130.1, 136.8, 151.5, 

162.5, 204.3. HRMS (EI), m/z (Da), calcd. for 

C23H24N2O2: 360.1838 (M+); found: 360.1829. 

Anal. calcd. for C23H24N2O2, %: C, 76.64; H, 6.71; 

N, 7.77. Found: C, 76.89; H, 6.92; N, 7.54. 

1-{1-Hydroxy-4-[4-(2-pyridyl)piperazin-1-ylmethyl] 
naphthalen-2-yl}ethanone (10) 

Yellow crystals (585 mg, 54%), mp 165–166 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 2.62 (t, J = 

4.8 Hz, 4H), 2.71 (s, 3H), 3.54 (t, J = 4.8 Hz, 4H), 

3.84 (s, 2H), 6.58–6.66 (m, 2H), 7.42–7.50 (m, 1H), 

7.51–7.62 (m, 2H), 7.63–7.72 (m, 1H), 8.16–8.22 

(m, 1H), 8.27 (d, J = 8.4 Hz, 1H), 8.50 (dd, J = 0.8 

and 8.4 Hz, 1H), 14.01 (s, 1H). 13C NMR (CDCl3, 

100.6 MHz), δ (ppm): 27.0, 45.4, 53.1, 61.3, 107.2, 

112.5, 113.3, 124.2, 124.8, 125.0, 125.8, 125.9, 

126.0, 130.1, 136.7, 137.5, 148.1, 159.7, 162.5, 

204.3. HRMS (EI), m/z (Da), calcd. for C22H23N3O2: 

361.1790 (M+); found: 361.1798. Anal. calcd. for 

C22H23N3O2, %: C, 73.11; H, 6.41; N, 11.63. Found: 

C, 73.37; H, 6.59; N, 11.35. 

 

1-{4-[(3,4-Dihydroisoquinolin-2(1H)-yl)methyl]-

1-hydroxynaphthalen-2-yl}ethanone (11)  

Yellow crystals (595 mg, 60%), mp 119–120 °C. 
1H NMR (CDCl3, 400.1 MHz), δ (ppm): 2.73 (s, 

3H), 2.82 (t, J = 5.6 Hz, 2H), 2.89 (t, J = 5.6 Hz, 

2H), 3.74 (s, 2H), 3.99 (s, 2H), 6.98–7.05 (m, 1H), 

7.08–7.18 (m, 3H), 7.50–7.58 (m, 1H), 7.60–7.70 

(m, 2H), 8.29 (d, J = 8.0 Hz, 1H), 8.50 (d, J = 8.0 

Hz, 1H), 14.03 (s, 1H). 13C NMR (CDCl3, 100.6 

MHz), δ (ppm): 27.1, 29.4, 50.6, 56.4, 60.9, 112.6, 

124.5, 124.8, 125.0, 125.8, 125.9, 126.3, 126.7, 

128.8, 130.2, 134.7, 135.1, 136.8, 162.5, 204.4. 

HRMS (EI), m/z (Da), calcd. for C22H21NO2: 

331.1572 (M+); found: 331.1567. Anal. calcd. for 

C22H23N3O2, %: C, 79.73; H, 6.39; N, 4.23. Found: 

C, 79.58; H, 6.52; N, 4.41.  

 

Synthesis of a bis-Mannich base of 1-(1-

hydroxynaphthalen-2-yl)ethanone 1  

A mixture of 1-(1-hydroxynaphthalen-2-

yl)ethanone 1 (744 mg, 4 mmol), anhydrous 

piperazine (344 mg, 4 mmol), aq. formaldehyde 

solution (37% by weight, 0.74 mL, 8 mmol) in 96% 

ethanol (5 mL) was heated at reflux temperature for 

2 h. A solid separated out shortly after the refluxing 

had begun. The mixture was allowed to reach room 

temperature, the solid was filtered, washed with 

96% ethanol (2 × 5 mL), and air-dried to give 1,1'-

{[piperazine-1,4-diylbis(methylene)]bis(1-

hydroxynaphthalene-4,2-diyl)}diethanone 12 as 

yellow crystals (850 mg, 88%), mp 212–214 °C 

(darkening). 1H NMR (CDCl3, 400.1 MHz), δ 

(ppm): 2.53 (br s, 8H), 2.69 (s, 6H), 3.79 (s, 4H), 

7.51–7.59 (m, 4H), 7.63–7.71 (m, 2H), 8.23 (d, J = 
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8.4 Hz, 2H), 8.48 (d, J = 8.4 Hz, 2H), 13.97 (s, 2H). 
13C NMR (CDCl3, 100.6 MHz), δ (ppm): 26.9, 53.3, 

61.0, 112.4, 124.4, 124.7, 124.9, 125.6, 125.7, 

125.8, 129.9, 136.7, 162.3, 204.2. HRMS (EI), m/z 

(Da), calcd. for C30H30N2O4: 482.2206 (M+); found: 

482.2215. Anal. calcd. for C30H30N2O4, %: C, 74.67; 

H, 6.27; N, 5.81. Found: C, 74.39; H, 6.03; N, 5.55. 

Examination of antimicrobial activity 

The antimicrobial activity screening of 

compounds 1, 2, 5, 7 and 12 was performed using 

the disk diffusion assay52,53 against three different 

reference strains, namely Staphylococcus aureus 

ATCC25923, Escherichia coli ATCC25922, and 

Candida albicans ATCC10231. All 

microorganisms were stored at −80 °C in 20% 

glycerol. The bacterial strains were refreshed on 

nutrient agar at 37 ºC, and the yeast strain was 

refreshed on Sabouraud dextrose agar also at 37 °C. 

Microbial suspensions were prepared with these 

cultures in sterile solutions to obtain a turbidity that 

was optically comparable to that of 0.5 McFarland 

standards. Volumes of 0.1 mL from each inoculum 

were spread either onto nutrient agar or onto 

Sabouraud dextrose agar plates. After the medium 

surface had dried, sterilized paper discs (6 mm) 

were placed on the plate, and then aliquots (15 μL) 

of the tested compounds (concentration 100 mg/mL 

in DMSO) and DMSO as negative control were 

placed onto the paper discs. To evaluate the 

antimicrobial properties, the growth inhibition was 

measured under standard conditions after 24 h of 

incubation at 37 °C. All tests were carried out in 

triplicate to verify the results. After incubation, the 

samples were analyzed with SCAN1200®, version 

8.6.10.0 (Interscience). 

CONCLUSIONS 

Reexamination of the Mannich reaction of 1-(1-

hydroxynaphthalen-2-yl)ethanone with morpholine 

and piperidine in ethanol led to a correction of the 

literature, as the products isolated from this 

approach were shown to be identical to those 

obtained when the aminomethylation was 

conducted in benzene, and their structures were 

proven by NMR investigations to be those of a 

phenolic Mannich bases having the aminomethyl 

group attached at position 4 of the naphthalene ring 

system. The small number of Mannich bases 

reported for this substrate in current literature was 

increased through the use of structurally various 

amines in the synthetic procedure performed in 

benzene. One of these novel compounds was 

subjected to analysis by X-ray single crystal 

diffraction, thus providing further reliable evidence 

that supports the proposed structure for a phenolic 

Mannich base. These aminomethylated naphthols 

were devoid of antimicrobial activity in a disk 

diffusion assay performed at high concentration of 

the tested compounds. 
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