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In this contribution there is described the reaction of 2-chloromethyl-5-hydroxy-4H-pyran-4-one
with secondary amines. Apart from the products of nucleophilic substitution, e.g. 2-aminomethyl
derivatives of kojic acid and also 2-amino-6-methyl derivatives of the same compound were obtained.
In the case when hydroxylic group in the position 5 was substituted, the result of the reaction was

only 2-aminomethyl derivative.

The great attention was paid to the study of 2-
hydroxymethyl-5-hydroxy-4 H-pyran-4-one (kojic acid)
and its derivatives. The interest was focused on the
synthesis of various substituted amino derivatives of
kojic acid with the presumption that the introduc-
tion of amino group into ‘the skeleton of kojic acid
would increase the biological activity of these deriva-
tives. Atkinson et al. [1] described the preparation
of kojic acid amino derivatives as analogues of ~-
aminobutanoic acid via reduction of 2-azidomethyl-
5-hydroxy-4H-pyran-4-one by HBr in the mixture of
phenol and acetic acid. The synthesis of a number
of analogous amino derivatives (methylamino, benzyl-
amino) was described as well. Woods [2] and Ichimoto
[3] focused their attention on the preparation of ko-
jic acid amino derivatives via the reaction of kojic
acid with formaldehyde and various amines. Mannich
reaction takes place exclusively in the position 6 of
the pyranone skeleton, which is activated for the elec-
trophilic substitution by a free hydroxylic group in the
position 5. 5-Methoxy-2-hydroxymethyl-4 H-pyran-4-
one does not take part in the above-mentioned re-
action, which proves that position 6 is activated for
electrophilic substitution by unsubstituted hydroxylic
group in the position 5 only.

Analogous results were obtained by O’Brien et
al. [4] in the synthesis of Mannich bases of ko-
jic acid with various amines, e.g. dimethylamine,
diethylamine, laurylamine, stearylamine, pyrrolidine,
morpholine, piperidine. In the case when position
6 was substituted the reaction did not take place.
The same situation occurred if the starting prod-
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uct was kojic acid substituted in the position 5
while 2-chloromethyl-5-hydroxy-4H-pyran-4-one re-
sulted in the presumed products of Mannich reac-
tion. The analogous amino derivatives were prepared
by the reaction of kojic acid with Schiff bases [5].
Presumption concerning the effect of the hydrox-
ylic group on the electrophilic substitution in the
position 6 was confirmed by experimental results.
Decker [6] described the reaction of 2-chloromethyl-
5-hydroxy-4 H-pyran-4-one with dimethylamine. This
reaction yielded 2-dimethylaminomethyl-5-hydroxy-
4H-pyran-4-one as a product of nucleophilic sub-
stitution. The presence of 2-dimethylaminomethyl-3-
hydroxy-6-methyl-4 H-pyran-4-one was confirmed in
low yields as well. The second product is formed by the
addition of an amine to the a, f-unsaturated ketone.
This reaction is followed by HCI elimination and by
rearrangement of hydrogen to the exocyclic methylene
group. The same course of the reaction was described
in the synthesis of 5-methyl-2-furancarboxylic acid us-
ing furfuryl chloride and the CN~ as starting materi-
als [7, 8]. The reaction of 2-chloromethyl-5-methoxy-
4H-pyran-4-one with dimethylamine in benzene was
described by FEttel and Hebky [9].

The aim of our study was the reaction of 2-
chloromethyl-5-hydroxy-4 H-pyran-4-one (Scheme 1)
with some secondary amines: diethylamine, morpho-
line, piperidine, N-phenylpiperazine. The reaction
of kojic acid (I) with the above-mentioned amines
yields the presumed products of nucleophilic sub-
stitution, e.g. 2-aminomethyl-5-hydroxy-4 H-pyran-4-
ones (II) and 2-amino-3-hydroxy-6-methyl-4 H-pyran-
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Scheme 1

4-ones (III) as well. The structure of the prepared
products was confirmed by 'H NMR spectra. So
'H NMR spectrum of 2-morpholinomethyl-5-hydroxy-
4H-pyran-4-one (IIa) displays signals at § = 2.53 and
3.74 which correspond to the methylene protons of
morpholine ring; signals at § = 3.41 are proper to the
methylene group in the position 2 of the y-pyranone
ring and signals at 6 = 6.54 and 7.85 are assigned to
the protons H-3 and H-6. 'H NMR spectrum of the by-
product 2-morpholino-3-hydroxy-6-methyl-4 H-pyran-
4-one (IIIa) displays not only signals of morpholine
proton shifted to the higher values but also a singlet
at § = 2.2 assigned to the methyl group. In the spec-
trum there is no evidence for the signal of methylene
group attached to the nitrogen atom and for a sin-
glet of the proton assigned to the —CH— group of
v-pyranone skeleton at higher values, which proves
substitution in this position. There is a concordance
of presumed structures with standard, APT [10] and
13C NMR spectra which prove for the structure of
IIa the presence of methylene group in the position 2
of the 4H-pyran-4-one skeleton (§ = 60.2) and me-
thine carbon atoms C-3 and C-6 (§ = 112.2 resp.
138.4). There is no signal of methylene group in the
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position 2 for product I1Ia confirmed, but there are
present signals for the methyl group (6 = 19.4) and
methine carbon atom in the position 5 (§ = 109.9).
Signal of the quaternary carbon atom C-2 occurs at
the higher frequency compared with the signal of the
quaternary atom C-6 (6 = 159.1 resp. 150.3) which
is the evidence of the bond to the electronegative
nitrogen atom. Reaction of dimethylamine, morpho-
line, and piperidine with 5-benzyloxy-2-chloromethyl-
4H-pyran-4-one (IV) yields only 2-aminomethyl-5-
benzyloxy-4 H-pyran-4-ones (V). Presence of another
product was not observed, not even confirmed by 'H
NMR spectroscopy, nor in the crude reaction mix-
ture. Structure of the obtained products was con-
firmed equally as with the previous compounds /1.
On the basis of our experimental results we can
state that the reaction of 2-chloromethyl-5-hydroxy-
4H-pyran-4-one with secondary amines yields two
products: 2-aminomethyl-5-hydroxy-4H-pyran-4-ones
(II) and 2-amino-3-hydroxy-6-methyl-4H-pyran-4-
ones (III). Reaction of 5-benzyloxy-2-chloromethyl-
4H-pyran-4-ones (IV) with secondary amines results
into product of the nucleophilic substitution V' In
comparison with the results obtained by Decker [6] the
fact that products I/ were obtained in greater yields
than products IT (which is in contrast with the results
of the above-mentioned work) is surprising. Exclusive
formation of products V' as well as recent knowledge
concerning electrophilic substitution in the position 6
of the compound I (which cannot be attacked by nu-
cleophile) makes us suppose that the course of this
reaction is different from that indicated by Decker.
This is confirmed by the well known fact that carbonyl
group of compound I does not participate in any reac-
tion. Decker does not take into account the fact that
the hydroxylic group situated in the position 5 of com-
pound I has a phenolic character, e.g. an acidic hydro-
gen atom which in the presence of a threefold molar
amount of the secondary amine produces quaternary
ammonium salt. The formation of the greater amount
of the product can be explained by the formation of
the reaction centre in the position 6. The nucleophilic
substitution takes place in this position preferably
with the amine in comparison with a halo derivative. It
is caused by greater nucleophilicity of an amine when
compared with the halo derivative. This presumption
is confirmed by the fact that in the case of substituted
pyranone IV yields only product of normal substitu-
tion. This difference may be explicated by protection
of the hydroxylic group in the position 5 by the ben-
zyl radical and hence the resulting impossibility of the
ammonium salt formation. As a consequence the po-
tential centre for nucleophilic substitution cannot be
created. Regarding our previous results, unfavourable
steric effects on the course of this reaction can be elim-
inated as concerns the reaction of 2-hydroxymethyl-5-
benzyloxy-4 H-pyran-4-one with Schiff bases [5] (they
are considerably bulkier than secondary amines). If
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the course of the reaction were the same as it was
proposed by Decker, 2-amino-3-benzyloxy-6-methyl-
4H-pyran-4-one would be formed as well. We did not
observe formation of such a product in any case. The
mechanism of the followed reaction was typical — nu-
cleophilic substitution of the halo derivative. With re-
gard to our presumption and facts we have discov-
ered we propose another mechanism of this reaction
which is consistent with the obtained experimental re-
sults and generally known information concerning 2-
hydroxymethyl-5-hydroxy-4 H-pyran-4-one and its re-
action as well (Scheme 2). In the first stage of the
reaction probably ammonium salt of VI is formed as
a result of the reaction of compound I with amine. In
the next stage the pyranone cycle is opened and the
unstable aldehyde VII, or ammonium salt is formed.
This is followed by a nucleophilic addition of the sec-
ondary amine. Cyclization and rearrangement of pro-
ton to the exocyclic double bond results in the oxo
form of the product. The reaction is followed by the
rearrangement of the proton and originating of the
stable enol form of the product II.

Chronology or parallelism of some stages of this
proposed mechanism is difficult to assign. This mech-
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anism unambiguously explicates contradiction in the
course of the reaction of 5-unsubstituted and substi-
tuted 2-chloromethyl-4 H-pyran-4-one and is in accor-
dance with our experimental results and is not in con-
tradiction with known facts concerning the reactions
of these derivatives.

EXPERIMENTAL

Melting points were determined on a Kofler hot-
stage. 'H NMR spectra of hexadeuterodimethyl sul-
foxide solutions containing tetramethylsilane as an in-
ternal standard were recorded with Tesla BS 487 and
Varian VXR 300 spectrometers; **C NMR spectra
were taken with Varian VXR 300 spectrometer.

2-(R2-Aminomethyl)-5-hydroxy-4H-pyran-
4-ones (IIa—IId) and 2-(R;-Amino)-3-hydroxy-
6-methyl-4 H-pyran-4-ones (IIIa—IIId)

To the solution of 2-chloromethyl-5-hydroxy-4H-
pyran-4-one (1.6 g; 0.01 mol) in anhydrous dioxane
(25 cm3) the solution of corresponding amine (0.03
mol) in anhydrous dioxane (10 cm?®) was added in
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such a way that temperature of the reaction did not
exceed 40°C. Stirring of the reaction mixture contin-
ued at room temperature for further 24 h. The sepa-
rated aminium chloride was filtered off, the rest was
solved in water (10 cm3). This solution was acidified
by 4 M hydrochloric acid (1.75 cm3) and extracted
with chloroform (5 x 10 cm®). Organic layers were
dried with sodium sulfate, chloroform was evaporated
in vacuo and 2-(Rg-amino)-3-hydroxy-6-methyl-4H-
pyran-4-ones (/Ila—IIId) were isolated.

Water layer was neutralized with 4 M solution
of NaOH (1.15 cm®) and extracted with chloro-
form. The chloroform extracts were dried, chloro-
form was evaporated in vacuo and the rest yielded 2-
(Ro-aminomethyl)-5-hydroxy-4 H-pyran-4-ones (IIa—
11d).

2-Morpholinomethyl-5-hydroxy-4 H-pyran-
4-one (Ila)

For CloH13NO4 (Mr = 2112) m.p. = 129-13100,
yield 12 %, w;(calc.): 56.86 % C, 6.15 % H, 6.63 %
N; w;(found): 56.68 % C, 6.02 % H, 6.40 % N. 'H
NMR spectrum, é: 2.5 (t, 4H, 2xCH,-a), 3.7 (t, 4H,
9% CHy-f), 3.4 (s, 2H, CHy—N), 6.5 (s, 1H, H-3), 7.8
(s, 1H, H-6). 1¥C NMR spectrum, &: 53.7 (t, 2xC-a),
60.2 (t, C—N), 67.0 (¢, 2xC-8), 112.2 (d, C-3), 138.4
(d, C-6), 146.0 (s, C-5), 166.8 (s, C-2), 174.4 (s, C-4).

2-Morpholino-3-hydroxy-6-methyl-4 H-pyran-
4-one (IIla)

For CloH13NO4 (Mr = 2112) m.p. = 102—
105°C), yield 24 %, w;i(calc.): 56.86 % C, 6.15 % H,
6.63 % N; w;(found): 56.70 % C, 5.98 % H, 6.45 % N.
'H NMR spectrum, §: 2.2 (s, 3H, CH3), 3.5 (t, 4H,
2% CHy-a), 3.8 (t, 4H, 2xCH,-g), 6.1 (s, 1H, H-5).
13C NMR spectrum, 6: 19.4 (q, CHs), 46.6 (t, 2xC-
a), 66.6 (t, 2xC-B), 109.9 (d, C-5), 128.0 (s, C-3),
150.3 (s, C-6), 159.1 (s, C-2), 173.3 (s, C-4).

2-Piperidinomethyl-5-hydroxy-4 H-pyran-
4-one (IIb)

For 011H15N03 (Mr = 2093) m.p. = 112—115 OC,
yield 17 %, w;i(calc.): 65.08 % C, 7.39 % H, 6.69 % N;
w;(found): 65.01 % C, 7.25 % H, 6.58 % N. 'H NMR
spectrum, 6: 1.4 (m, 2H, CH,-7v), 1.6 (m, 4H, 2x CH,-
B), 2.4 (m, 4H, 2xCHy-a), 3.3 (s, 2H, CH,—N), 6.5
(s, 1H, H-3), 7.8 (s, 1H, H-6). 13C NMR spectrum, é:
23.9 (t, C-y), 25.8 (t, 2xC-B), 54.6 (t, 2x C-a), 60.4 (t,
C—N), 112.0 (d, C-3), 138.2 (d, C-6), 145.8 (s, C-5),
166.6 (s, C-2), 174.3 (s, C-4).

2-Piperidinomethyl-3-hydroxy-6-methyl-4 H-
pyran-4-one (IIIb)

For C1;Hi15NO3 (M, = 209.3) m.p. = 98—101°C,
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vield 38 %, w;i(calc.): 65.08 % C, 7.39 % H, 6.69 %
N; w;(found): 64.96 % C, 7.15 % H, 6.75 % N. 'H
NMR spectrum, ¢: 1.66 (m, 6H, CHz-v and 2xCH,-
3), 2.2 (s, 3H, CH3), 3.5 (m, 4H, 2xCHz-a), 6.1 (s,
1H, H-5). 13C NMR spectrum, é: 19.4 (q, CH3), 24.4
(t, C-y), 25.83 (t, 2xC-B), 47.5 (t, 2xC-a), 109.2 (d,
C-5), 127.3 (s, C-3), 151.1 (s, C-6—H), 158.8 (s, C-2),
172.7 (s, C-4).

2-(4-Phenyl-1-piperazinylmethyl)-5-hydroxy-
4 H-pyran-4-one (Ilc)

For 015H18N203 (Mr = 2863) m.p. = 173—
176°C, yield 21 %, w;(calc.): 67.06 % C, 6.29 % H,
9.78 % N; w; (found): 66.95 % C, 6.18 % H, 9.59 % N.
'H NMR spectrum, §: 2.9, 3.2 (m, 8H, 4xCH,), 3.5
(s, 2H, CH,—N), 6.5 (s, 1H, H-3), 6.9—7.2 (m, 5H,
Harom), 7.8 (s, 1H, H-6). 13C NMR spectrum, é: 49.1,
53.2 (2t, 4xCH,), 59.6 (t, CH;—N), 111.9 (d, C-3),
116.2, 120.0, 129.1 (Carom), 138.0 (d, C-6), 145.7 (s,
C-5), 151.05 (5, Carom—N), 165.8 (s, C-2), 174.1 (s,
C-4).

2-Diethylaminomethyl-5-hydroxy-4 H-pyran-
4-one (I1d)

For CloH15N03 (M,- = 1972) m.p. = 123—12600,
yield 9 %, w;(calc.): 60.90 % C, 7.61 % H, 7.10 % N;
wj(found): 60.48 % C, 7.52 % H, 7.01 % N. 'H NMR
spectrum, é: 1.1 (t, 6H, 2x CHj), 2.6 (q, 4H, 2xCHy),
3.4 (s, 2H, CH,—N), 6.5 (s, 1H, H-3), 7.7 (s, 1H, H-
6). 13C NMR spectrum, &: 11.8 (q, 2xCHg), 47.5 (t,
2xCH,CH3), 54.3 (t, CH;N), 144.9 (s, C-5), 137.7 (d,
C-6), 115.3 (d, C-3).

2-Diethylaminomethyl-3-hydroxy-6-methyl-
4 H-pyran-4-one (IIId)

For CloH15N03 (Mr = 1972) m.p. = 113—11600,
yield 18 %, w;(calc.): 60.90 % C, 7.61 % H, 7.10 % N;
wi(found): 60.65 % C, 7.48 % H, 6.98 % N. 'H NMR
spectrum, é: 1.2 (t, 6H, 2x CH3), 2.2 (s, 3H, CHgs), 3.5
(q, 4H, CH,), 6.1 (s, 1H, H-5).

2-Morpholinomethyl-5-benzyloxy-4 H-pyran-
4-one (Va)

For Cl7H19NO4 (Mr = 301.3) m.p. = 79“—82°C,
yield 16 %, w;(calc.): 67.74 % C, 6.13 % H, 4.65 % N;
w;(found): 67.58 % C, 6.15 % H, 4.48 % N. 'H NMR
spectrum, §: 2.5 (m, 4H, CHs-a), 3.3 (s, 2H, CHy—
N), 3.7 (m, 4H, CH,-3), 5.1 (s, 2H, OCH;), 6.5 (s, 1H,
H-3), 7.3—7.4 (m, 5H, Harom), 7.5 (s, 1H, H-6). 13C
NMR spectrum, é: 53.5 (t, CHz-a), 59.6 (t, CH,—N),
66.7 (CHp-B), 71.9 (t, OCH,), 114.9 (d, C-3), 127.8,
128.4, 128.7 (Carom), 141.7 (d, C-6), 147.1 (s, C-5),
164.0 (s, C-2), 174.6 (s, C-4).
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2-Piperidinomethyl-5-methyl-5-benzyloxy-4 H-
pyran-4-one ( Vb)

For C15HaNO3 (M, = 299.3) m.p. = 92—93°C,
yield 22 %, w;(calc.): 72.17 % C, 7.02 % H, 4.68 %
N; w;(found): 72.05 % C, 6.98 % H, 4.55 % N. H
NMR spectrum, 6: 1.4 (m, 2H, CHy-v), 1.6 (m, 4H,
2xCHy-B), 2.4 (m, 4H, 2xCH,-a), 3.3 (s, 2H, CHy—
N), 5.1 (s, 2H, OCH.), 6.4 (s, 1H, H-3), 7.3—7.4 (m,
5H, Harom), 7.5 (s, 1H, H-6). 13C NMR spectrum, é:
23.9 (t, CHz-7), 25.8 (t, CH,-0), 54.6 (t, CHa-a), 60.2
(t, CH;—N), 71.8 (t, OCH,), 114.8 (d, C-3), 128.3,
128.6, 127.8, 135.8 (Carom), 141.6 (d, C-6), 147.0 (s,
C-5), 164.9 (s, C-2), 174.7 (s, C-4).

2-Diethylaminomethyl-5-benzyloxy-4 H-pyran-
4-one (Vd)

For Cy7H;NO;3 (M, = 287.3) m.p. = 104—106°C,
yield 15 %, w;(calc.): 71.04 % C, 7.31 % H, 4.87 % N;
wj(found): 70.92 % C, 7.19 % H, 4.68 % N. 'H NMR
spectrum, 6: 1.7—1.9 (2t, 6H, 2xCHj), 2.4—2.7 (2q,
4H, 2xCH;), 4.9 (s, 2H, CH,—N), 6.7 (s, 2H, OCH,),
6.4 (s, 1H, H-3), 7.3 (m, 5H, Harom), 7.4 (s, 1H, H-6).
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