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The Mannich reaction represents the only known synthetic method for the replacement in a single
step of a hydrogen atom in an organic substrate with an aminoalkyl group. Suitable organic substrates
in the Mannich reaction should either be electron-rich molecules or have an activating group in their
structure. Phenols are a classical example of such electron-rich substrates in the Mannich reaction,
and while monohydroxylic phenols have been widely used as substrates in this transformation, only
scarce information on the aminoalkylation of polyhydroxylic phenols is available in the literature. The
current paper investigates the Mannich reaction of such a polyhydroxylic substrate, namely the well-
known antioxidant n-propyl gallate, with formaldehyde as the aldehyde component and two
equivalents of cyclic secondary amines (piperidine, morpholine, 4-benzylpiperazine, 4-phenyl-
piperazine and 1,2,3,4-tetrahydroisoquinoline) as amine reagents. The structure of the resulting novel
bis-aminomethyl derivatives of n-propyl gallate, designed as potential inhibitors of radical formation,

has been confirmed by NMR analysis.
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INTRODUCTION

In the classical Mannich reaction, a substrate
X—H containing at least one active hydrogen atom

undergoes condensation with an aldehyde
component (R-CHO, which is  usually
formaldehyde, R = H) and an amine reagent
(R,NH) to afford an aminomethyl (or an

aminoalkyl) derivative of the initial substrate,
generally referred to as a Mannich base 1
(Scheme 1).

R
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X-H + R-CHO + R)NH —— X" 'NR’
1
Scheme 1. The Mannich reaction.
Phenols, naphthols and phenols fused to

cycloalkanes, cycloalkenes or heteroaromatic rings
are commonly used as substrates in the Mannich
reaction,'”” and the resulting amino-methylated

“This communication is Part 26 of the series “Synthesis and
reactivity of Mannich bases”.
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phenols have found various uses and applications.’
To mention only a few, aminomethylated phenols
have been reported as catalysts for the crosslinking
of epoxy resins,' precursors of polyols for
polyurethanes,” complexing agents for radioactive
technetium,® corrosion inhibitors,’ detergents8 or
antioxidants for lubricating oils.” Nonetheless, as the
most significant contributions of the Mannich
reaction belong to medicinal chemistry, it is not
unexpected to find aminomethylated phenols
amongst drug candidates, and even in-use drugs.
Thus, a series of studies report the cytotoxicity of
phenolic single and double Mannich bases of
chalcone analogues,'”"* naphthols,” 8-hydroxy-
quinoline derivatives,'* flavones,"” or hydroxyl-
carbazoles.'® In addition, phenolic Mannich bases
derived from 3-hydroxy-4H-pyran-4-one derivatives

have been thoroughly investigated as anti-
bacterials'” "  and  antifungals.***'  Several
established antimalarials, such as bialamicol,

amodiaquine or pyronaridine are examples of
validated drugs featuring a phenolic Mannich base
structure. Finally, a large number of phenolic
Mannich bases have been evaluated as antioxidants.
Aminomethylated thymol derivatives were more
efficient than parent thymol in both xanthine
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oxidase inhibition test and inhibition of lipid
peroxidation using rat liver homogenate,” whereas
aminomethylated  hydroxybenzophenones  had
moderate to high ability in scavenging DPPH
radicals.”  8-Hydroxyquinoline—tacrine  hybrids
exhibited potent peroxyl radical absorbance
capacities in a test employing ORAC-FL (oxygen
radical absorbance capacity) method,** while amino-
methylation of natural flavones was shown to
improve the antioxidant efficiency, bioavailabilty
and water solubility of the parent flavones.”"°
While the Mannich reaction of mono-
hydroxylic phenols with various structures has been
explored extensively, there 1is only scarce
information on the aminomethylation of
polyhydroxylic phenols. The Mannich reaction

using  catechol,””  resorcinol  derivatives,*®
hydroquinone®® or pyrogallol and hydroxyl-
hydroquinone® as substrates has been briefly

investigated. Several Mannich bases of pyrrogallol
exhibited antioxidant and antiradiation activity,’' as
well as antibacterial and antifungal activity.*
Aminomethylation was successful for a series of
pyrogallol derivatives such as gallacetophenone® or
gallic acid and its esters,** which were claimed to be
useful as antioxidants in food and plastics.

n-Propyl gallate is an effective antioxidant used
in cosmetics, foods, fats, oils, emulsions or waxes,’’
which is only slightly toxic when ingested and
practically non-toxic when applied to skin.’® As the
literature shows that phenolic Mannich bases may
also act as antioxidants, aminomethylated n-propyl
gallate derivatives are expected to behave as
antioxidants as well. The present study deals with
the synthesis and characterization of several
Mannich bases with potential radical inhibiting
properties, which are derived from n-propyl gallate
as a substrate in the aminomethylation reaction.

EXPERIMENTAL PART

n-Propyl gallate (Fluka), formaldehyde 37% (Aldrich), the
amines employed in the Mannich reaction and the solvents
were reagent grade and were used as received. Melting points
were taken on a MEL-TEMP capillary melting point apparatus
and are uncorrected. HPLC was run on a Waters analytical
system, using a Symmetry Shield RPg 3.5 pm (4.6 x 50 mm)
column. The mobile phase consisted from water and
acetonitrile, both solvents containing 0.1% trifluoroacetic acid.
The flow rate of the mobile phase through the column was
1.5 mL/min, and the acetonitrile gradient was 0-80%. The
acetonitrile gradient was applied for 10 min, starting 0.5 min
after the sample had been injected. NMR analysis was
conducted on a Brucker Avance instrument in CDCl;. The

signals owing to residual protons in the deuterated solvents
were used as internal standards for the "H NMR spectra. The
chemical shifts for the carbon atoms are given relative to
deuteriochloroform (8 = 77.16 ppm).

Direct aminomethylation of n-propyl gallate —
general procedure

Secondary amine (10 mmoles) was added to a solution of
formaldehyde 37% (10 mmoles, 0.9 mL) in ethanol (5 mL), and
then the mixture was stirred at room temperature for 15 min. n-
Propyl gallate 2 (1.06 g, 5 mmoles) was then added to the
stirred solution at room temperature. Mannich bases 5 and 6
separated a few minutes after n-propyl gallate had dissolved,
while in the case of compounds 3 and 4, the initially
homogeneous reaction mixture was kept at room temperature
overnight until a crystalline precipitate formed. The solid was
filtered, washed with a small amount of cold ethanol, air-dried
and recrystallized from ethanol. In the case of Mannich base 7,
the supernantant was removed with a pipette after 10 h to give a
heavy oil, which was triturated with n-hexane (3 x 10 mL) and
subsequently recrystallized from ethanol.

n-Propyl  2,6-bis(piperidin-1-ylmethyl)-3,4,5-trihydroxy-
benzoate 3. This compound was obtained as off-white crystals
using piperidine as amine reagent in the Mannich reaction;
yield 57%; mp 141-142 “C; tg = 5.05 min; 'H NMR (400 MHz,
CDCl;): 6 0.99 (t, J = 7.2 Hz, 3H, -CH,CH,CH3;), 1.46 (br s,
4H, -CH,N(CH,CH,),CH,), 1.61 (t, J = 4.8 Hz, 8H,
-CH,N(CH,CH,),CH,), 1.68-1.81 (m, 2H, -CH,CH,CH3), 2.48
(br s, 8H, -CH,N(CH,CH,),CH,), 3.57 (s, 4H,
-CH,N(CH,CH,),CH,), 4.20 (t, J = 6.8 Hz, 2H, -CH,CH,CH3,),
9.69 (br s, 3H, -OH); *C NMR (100 MHz, CDCl5): & 10.8,
22.2, 24.0, 25.9, 53.8, 59.1, 66.8, 109.8, 123.6, 133.9, 145.6,
169.2.

n-Propyl  2,6-bis(morpholin-4-ylmethyl)-3,4,5-trihydroxy-
benzoate 4. This compound was obtained as off-white crystals
using morpholine as amine reagent in the Mannich reaction;
yield 72%; mp 174-175 °C; tg = 4.2 min; 'H NMR (400 MHz,
CDCl;): 60.99 (t, J = 7.2 Hz, 3H, -CH,CH,CH;), 1.69-1.81
(m, 2H, -CH,CH,CH3), 2.55 (s, 8H, -CH,N(CH,CH,),0), 3.61
(s, 4H, -CH,N(CH,CH,),0), 3.72 (s, 4H, -CH,N(CH,CH,),0),
4.23 (t, J = 6.8 Hz, 2H, -CH,CH,CHj), 9.03 (br s, 3H, -OH);
13C NMR (100 MHz, CDCLy): § 10.7, 22.2, 52.8, 58.6, 66.8,
67.1, 109.6, 124.3, 134.0, 145.2, 168.8.

n-Propyl 2,6-bis(4-benzylpiperazin-1-ylmethyl)-3,4,5-
trihydroxybenzoate 5. This compound was obtained as off-white
crystals using 4-benzylpiperazine as amine reagent in the Mannich
reaction; yield 55%; mp 93-95 °‘C; tg = 5.65 min; '"H NMR
(400 MHz, CDCL,): 60.98 (t, J= 7.2 Hz, 3H, -CH,CH,CHj), 1.68—
1.81 (m, 2H, -CH,CH)H;), 255 (br s, 16H,
PhCH,N(CH,CH,),NCH,-), 3.51 (s, 4H, PhCH,N(CH,CH,),NCH,-
), 3.62 (s, 4H, PhCH,N(CH,CH,),NCH>-), 4.20 (t, /= 6.8 Hz, 2H, -
CH,CH,CHj3), 6.42 (br s, 3H, -OH), 7.21-7.35 (m, 10H, aromatic
protons); *C NMR (100 MHz, CDCLy): §10.7,22.2, 52.4, 52.8, 58.3,
62.9, 67.0, 109.8, 123.9, 127.3, 1284, 129.3, 133.9, 137.8, 1454,
169.0.

n-Propyl 2,6-bis(4-phenylpiperazin-1-ylmethyl)-3,4, 5-
trihydroxybenzoate 6. This compound was obtained as off-
white crystals using 4-phenylpiperazine as amine reagent in the
Mannich reaction; yield 79%; mp 204205 "C (dec.); tg = 7.15
min; 'H NMR (400 MHz, CDCly): 6 1.02 (t, J = 7.2 Hz, 3H,
-CH,CH,CHj3), 1.71-1.84 (m, 2H, -CH,CH,CH3;), 2.74 (br s,
8H, PhN(CH,CH,),NCH,-), 3.25 (br s, 8H,
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PhN(CH,CH,),NCH,-), 3.71 (s, 4H, PhN(CH,CH,),NCH,-),
426 (t, J = 6.8 Hz, 2H, -CH,CH,CH,), 6.86-6.97 (6H, m,
aromatic protons), 7.23-7.33 (4H, m, aromatic protons), 8.70
(br s, 3H, -OH); *C NMR (100 MHz, CDCl5): & 10.8, 22.2,
49.3,52.5, 58.3, 67.1, 109.8, 116.5, 120.4, 124.2, 129.3, 134.0,
145.3, 150.9, 169.0.

n-Propyl  2,6-bis(1,2,3,4-tetrahy-droisoquinolin-2-ylmethyl)-
3,4,5-trihydroxy-benzoate 7. This compound was obtained as off-
white crystals using 1,2,3,4-tetrahydroisoquinoline as amine
reagent in the Mannich reaction; yield 42%; mp 132-133 C; tg
=6.55 min; '"H NMR (500 MHz, CDCl;): §0.99 (t, J= 7.2 Hz,
3H, -CH,CH,CHj), 1.67-1.80 (m, 2H, -CH,CH,CH3;), 2.78—
292 (m, 4H, -CH,N(CH,-)CH,CH»-), 2.92-3.05 (m, 4H,
-CH,N(CH,-)CH,CH,-), 3.77 and 3.84 (br s, 4H and 4H,
-CH,N(CH,-)CH,CH,-), 421 ( J = 68 Hz, 2H,
-CH,CH,CH3), 7.03 (d, J = 6.4 Hz, 2H, aromatic protons),
7.08-7.22 (6H, m, aromatic protons), 8.67 (br s, 3H, -OH);
3C NMR (300 MHz, CDCl3): & 10.8, 22.2, 28.7, 50.0, 55.2,
58.0, 67.0, 109.9, 124, 126.1, 126.7, 126.8, 128.8, 133.2, 133.5,
134.1, 145.6, 169.2.

RESULTS AND DISCUSSION

Generally, the Mannich reaction of phenolic
substrates affords a derivative of the initial substrate
having an aminomethyl moiety preferably ortho to
the phenolic hydroxyl; however, aminomethylation
may occur para to the phenolic hydroxyl if no free
ortho positions are available. As a substrate in the
Mannich reaction, n-propyl gallate has a highly
substituted aromatic ring, which presents only two
potential sites for aminomethylation, each of them
being situated ortho to one phenolic hydroxyl and
para to another phenolic hydroxyl. Because of the
symmetry presented by the molecule of n-propyl
gallate, monoaminomethylation of this substrate at
any of these two sites would lead to the same
Mannich base. Despite the presence in the structure
of n-propyl gallate of a deactivating substituent (i.e.,
the ester function), the strong activation exerted by
two phenolic hydroxyls on both potential amino-
methylation sites is expected to straightforwardly
generate a bis-Mannich base, provided the
appropriate twofold excess of aldehyde component
and amine reagent are employed. With a view to
simplify the course of the reaction and limit the
formation of a mixture of aminomethylation
products, the Mannich reaction of n-propyl gallate
reported in this study was conducted using a 1:2:2
ratio between substrate, formaldehyde, and various
cyclic secondary amines, respectively. Amino-
methylation of phenols is generally conducted at the
reflux temperature of the solvent (usually lower
alcohols) employed to dissolve the reactants.'
However, highly reactive phenolic substrates, such
as naphthols,”” are known to undergo amino-
methylation even at room temperature. The order in

which the reactants are added to the solvent does
not seem to be relevant to the outcome of the
Mannich reaction: both addition of formaldehyde to
a solution comprising the substrate and the amine,
and addition of the substrate to the preformed
aminomethylating agent obtained by mixing
formaldehyde and the amine reagent have been
equally employed in aminomethylation
experimental procedures. When n-propyl gallate
(1 equivalent) was added to the mixture of
formaldehyde (2-equivalents) and either 4-benzyl-
piperazine or 4-phenylpiperazine, (2 equivalents),
aminomethylation proceeded swiftly to yield
crystalline solids that started to separate from the
reaction mixture after a few minutes at room
temperature. In these two cases, the resulting solid
residue was filtered after three hours, recrystallized
from ethanol, and the proton spectra was recorded
to confirm their identity as bis-Mannich bases 5 and
6, respectively (Scheme 2). Under identical reaction
conditions, bis-Mannich bases 3 and 4 were also
obtained as crystalline solids using piperidine and
morpholine, respectively, as amine reagents in the
Mannich reaction of n-propyl gallate (Scheme 2),
but, in these two cases, the separation of solids from
the reaction mixture was clearly much slower;
therefore, with a view to maximize the amount of
isolated reaction product, the reaction was allowed
to proceed overnight. However, seeding the reaction
mixture with a crystal from a previous run five
minutes after the substrate had been added was
shown to induce a rapid and substantial separation
of Mannich base 3 quite similar with the separation
observed in the case of piperazine-derived Mannich
bases 5 and 6. In contrast, aminomethylation of
n-propyl gallate using 1,2,3,4-tetrahydroisoquino-
line as amine reagent yielded a heavy oil, which,
after the supernatant had been removed with a
pipette, was triturated three times with n-hexane.
The sticky mass that was obtained was then
recrystallized two times from ethanol prior to NMR
analysis, which confirmed the identity of
bis-Mannich base 7 (Scheme 2).

The purity of the synthesized bis-Mannich bases
was checked by HPLC. No trace of n-propyl gallate
(tg = 6.35 min), or any by-products or impurities
could be detected in the samples purified by
recrystallization. The crude crystalline solid that
was isolated from the aminomethylation of #-propyl
gallate using piperidine as amine reagent was also
analyzed by HPLC, and no evidence of a
by-product (such as the corresponding mono-
Mannich base) could be found. However, the
formation of the mono-Mannich base as a
by-product in this reaction could not be entirely
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dismissed, as no investigation by HPLC has been
undertaken for the mother liquor from which this
crude crystalline solid was isolated. According to
the retention times determined for Mannich bases
3—7, aminomethylation generally increases the
NMR analysis of Mannich bases 3-7 confirmed
that, under these experimental conditions, n-propyl
gallate 2 underwent aminomethylation at positions 2
and 6 of the aromatic ring to afford bis-Mannich
bases. No signal could be noticed in the aromatic
region of the "H NMR spectra of bis-Mannich bases
3 and 4, whereas only aromatic protons associated
with the aromatic moieties introduced through
aminomethylation were observed in the aromatic
region of the proton spectra of bis-Mannich bases
5-7. Bis-aminomethylation of n-propyl gallate 2 to
bis-Mannich bases 3—7 under these experimental

O O

_2CHO _
2 HNR,

HO OH
OH

conditions has been further supported by the
relative ratio of 2 to 1 between the values obtained
for the integration of each type of magnetically
equivalent protons in the aminomethyl moieties and
the values of the integrals for each type of
magnetically equivalent protons in the n-propyl
moiety. The peaks in the 'H NMR spectra of
bis-Mannich bases 3-7 have been tentatively
assigned to various magnetically distinct hydrogens
in the structure of these compounds (as reported in
the Experimental Part), and the hydrogens in the
methylene group bridging the aromatic ring with the
different amine residues in these compounds have
been found to resonate at 3.6-3.7 ppm. A broad
singlet integrating for three protons was noticeable
at chemical shift values in the range of 6.4-9.7 ppm
in all proton spectra of bis-Mannich bases 3-7.

3-7

- OE] E] E

sl

g

Scheme 2. Synthesis of bis-Mannich bases 3—7 of n-propyl gallate through direct aminomethylation.polarity of Mannich bases
3—7 compared to that of the starting material 2. While Mannich bases 3 and 4 derived from aliphatic secondary amines piperidine
and morpholine, respectively, are clearly more polar than n-propyl gallate 2, the use of secondary amines having aromatic motifs

in their structure as amine reagents in aminomethylation leads to Mannich bases whose polarity ranges from slightly less polar

than the starting material (in the case of compound 5 derived from 4-benzylpiperazine) to slightly more polar
(in the case of compound 6 derived from 4-phenylpiperazine).

Bis-aminomethylation of n-propyl gallate 2 to
bis-Mannich bases 3 and 4 was further supported by
the examination of these compounds’ *C NMR
spectra. Only four peaks were identified in the
aromatic region of these spectra, namely the signals
at approximately 110 ppm (corresponding to C* and
C%, 124 ppm (corresponding to C'), 134 ppm
(corresponding to C*), and 145 ppm (corresponding
to C* and C°). If mono-aminomethylation had

occurred instead, the inspection of the BC NMR
spectra of compounds 3 and 4 would have revealed
six distinct signals. In addition, no signals in the
aromatic region could be seen of the DEPT
spectrum of compound 3, which confirms that all of
the aromatic carbon atoms in the structure of this
Mannich base are quaternary (data not shown). The
carbon atom in the methylene group originating
from formaldehyde and linking the aromatic ring
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with the different amine residues in bis-Mannich
bases 3-7 has been associated with the peak at
approximately 67 ppm.

CONCLUSIONS

Investigation of the behavior of n-propyl gallate
as substrate in direct Mannich reaction showed that
aminomethylation occurred in positions 2 and 6 of
the aromatic ring (ortho and para to the phenolic
hydroxyls, respectively) to afford hitherto unknown
bis-aminomethyl derivatives 3-7 in reasonable
yields, when the reaction was carried out using
various secondary amines as amines reagents in
ethanol at room temperature. Introduction of
aminomethyl  functions containing aliphatic
secondary amines such as piperidine or morpholine
onto this substrate slightly increases the polarity of
bis-Mannich bases 3 and 4 compared to the polarity
of n-propyl gallate in HPLC experiments, whereas
the use of amines containing aromatic rings in their
structure as amine reagents for the amino-
methylation of n-propyl gallate affords bis-Mannich
bases that are at least as polar as the substrate
subjected to aminomethylation, if not less polar.
The structure of the obtained highly hindered bis-
Mannich bases, which could potentially act as
effective antioxidants through the inhibition of
radical chain reactions or protection against the
action of metal ions by chelation, has been
investigated using NMR spectroscopy.
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