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Abstract M(I) (M = Cu, Zn) complexes of kojic acid
(1, 2) have been synthesised, but characterisation was
hampered by their lack of solubility. Related metal
derivatives (5, 6) of benzyl-protected comenic acid (4),
an oxidised variant of kojic acid, have been prepared,
and the structures of 5-H,O-3DMSO (5a) and 6-2H,O
(6a) were determined. The menthyl ester of O-benzyl
comenic acid (7) has been prepared, but complete de-
protection proved difficult. 3-Hydroxy-6-menthoxyacety-
loxymethyl-4-pyrone (9) was prepared along with its
M(I) derivatives (10, 11), though both were of low
solubility; 10 forms soluble 1:1 adducts with pyridine
(12) and 2,2'-bipyridine (13). Menthyl-3-oxo-butanoate
(14) has been prepared along with its copper complex
(15), whose structure has been determined. Included in
the report are the structures of 4-DMSO (4a), 4-MeOH
(4b), 4 THF (4¢) and 9.

Introduction

We have an ongoing interest in metal complexes of o-hy-
droxyketones (I-III) [1-5], particularly those of copper, zinc
and tin. These metals, which have antibacterial properties, can
be utilised in dental formulations, provided that they can be
delivered in stable form and in the correct oxidation state [6]. In
this respect, a-hydroxyketones readily complex metals, which
can be used to regulate levels of these metals in the body. For
example, I (R = R’ = Me) is known to form a complex with
Fe>* and is used in the treatment of Fe-overload diseases [7]1,1I
(R = Me, R’ = Et) is a promising chelating agent for the
treatment of iron overload in transfusion-dependent thalas-
saemia patients [8], while similar zinc complexes are potential
matrix metalloproteinase (MMP) inhibitors [6, 7] and oral
therapeutics for type 2 diabetes [9]. Pyridinones have also been
used to regulate Fe3+, Cu®* and Zn?" overload in the brain,
which has implications for Alzheimer’s disease [10—12].
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While the metal complexation chemistry of ligands such
as I-1II is well established, that of the related kojic acid
(IV) is scarcer. The older literature reports the synthesis
[13-18] and anti-fungal activity [13, 14] of some copper
and zinc (plus limited other transition metal) derivatives of
IV, but characterisation of the resulting complexes is
limited. Halogen derivatives of kojic acid e.g. 3-hydroxy-6-
chloromethyl-4-pyrone, 3-hydroxy-6-iodomethyl-4-pyrone
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and 3-hydroxy-6-bromomethyl-4-pyrone [19] and sulphur-
containing derivatives [20] have been reported to show
significant anti-fungal effects. The bromo- and chloro-
derivatives of kojic acid have also been found to have anti-
neoplastic effects by significantly inhibiting DNA, RNA
and protein synthesis [21]. The oxidised derivative of IV,
commonly known as comenic acid (V), has been reported
to act on organisms in the same way as vitamins [22] and
has both oxidising and reducing activities [23]. It is used in
pharmacology (as a component of the drug baliz-2) as an
antioxidant [24].

As part of a long-term interest in the use of metal
complexes in dental formulations, we now wish to present
our findings in this area, which include crystallographic
characterisation of copper and zinc complexes of both kojic
acid and comenic acid, along with the synthesis of ligands
which incorporate a flavourant (menthol) which may help
mitigate the metallic taste of these complexes and which is
detrimental to their oral delivery.

Experimental

Reactions were carried out in air unless otherwise specified.
Elemental analyses were performed on a Carlo-Erba Stru-
mentazione EA model 1106 microanalyser, and the tem-
perature of the furnace was set to 500 °C. The results were
duplicated, and the mean of the duplicated measurements
was taken as the final result. All 'H and '>C NMR spectra
were recorded on either a Bruker Avance (300 MHz) Fourier
transform spectrometer or a JEOL JNM-GX270FT instru-
ment. All spectra were recorded in either CDCl; or d’-
DMSO and are referenced to residual solvent peaks. Peak
positions were recorded in é ppm with abbreviations s, d, t, m
denoting singlet, doublet, triplet and multiplet, respectively,
with a numbering scheme following that given in either
Scheme 2 or Eq. 4 as far as is possible. All coupling con-
stants (J) are quoted in Hertz. Infrared spectra were recorded
as thin oil films sandwiched between NaCl plates in the
frequency range 4000—400 cm ™' on a Nicolet 510P FT-IR
spectrometer. All absorptions are quoted in cm™".

3-Benzyloxy-6-hydroxymethyl-4-pyrone (3) [25] and
menthoxyacetic acid [26] were synthesised using the lit-
erature procedures. In the following, menthol refers to the
common (—) (1R, 28, 5R) stereoisomer.

Synthesis

3-Benzyloxy-6-carboxy-4-pyrone (4)
3-Benzyloxy-6-hydroxymethyl-4-pyrone (3) [25] (2.00 g,
8.62 mmol) was dissolved in acetone (15 mL) and cooled

to 0 °C using an ice bath, to which was added Jones
reagent (ca. 5 mL) (a mixture of 3.29 g, 32.9 mmol CrO;,
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10 mL H,O and 3.29 mL H,SO,). The resulting brown
mixture was left to stir for 1 h. The organic material was
removed by filtration, and the filtrate was evaporated to
dryness to obtain a pale green solid. Recrystallisation from
methanol afforded 3-benzyloxy-6-carboxy-4-pyrone (9) as
a white powder (1.53 g, 72 %; m.p 195-197, lit
195-197 °C [27]). Analysis, found [calc. for C{3H,¢Os]: C
63.3 (63.4), H 4.13 (4.07) %. 'H NMR (d°>-DMSO): 8.40
[1H, s, C*H]; 7.30-7.50 [SH, m, C¢Hs], 6.80 [1H, s, C’H];
5.01 [2H, s, CH,Ph]. '°C NMR (d°-DMSO): 173 [C"], 161
[CT], 152 [C®), 148 [C°], 136 [C?], 136-127 [CgHs], 117
[C’], 71 [CH,Ph]. IR data: 3085 vw(O-H); 1731, 1629
v(C=0); 1604 v(C=C); 1267, 1216 v(C-0).

Cu(3-benzyloxy-4-pyrone-6-carboxylate),-2H>0 (5)

3-Benzyloxy-6-carboxy-4-pyrone (4) (0.67 g, 2.72 mmol)
was reacted with copper(Il) acetate (0.27 g, 1.35 mmol) in
a mixed H>,O/EtOH (1:1) solvent over a 2-h period; on
cooling, a light blue precipitate was produced (0.51 g;
49 %). Analysis, found [calc. for CygH»,04,Cu]: C 51.9
(52.9), H 3.73 (3.73)%.

Recrystallisation from hot dimethylsulphoxide yielded
turquoise crystals, which crystallography established as Cu(3-
benzyloxy-4-pyrone-6-carboxylate),-H,O-3DMSO (5a).
Analysis, found [calc. for C3,H330,4S5Cu]: C 46.8 (47.6), H
4.67 (4.71)%. IR data: 3100-3150 v(O-H); 1639, 1589
w(C=0); 1601 v(C=C); 1285 v(C-0).

Zn(3-benzyloxy-4-pyrone-6-carboxylate),-3-5H,0 (6)

The procedure for S was followed, using 3-benzyloxy-6-
carboxy-4-pyrone (4) (0.71 g, 2.89 mmol) and zinc(Il)
acetate (0.32 g, 1.46 mmol). On cooling, a white pre-
cipitate of  Zn(3-benzyloxy-4-pyrone-6-carboxylate),.
3.5H,0 (6) was produced. Analysis, found [calc. for
Cy6H»5013.5Zn]: C 50.7 (50.5), H 4.00 (4.04)%.

Colourless crystals of Zn(3-benzyloxy-4-pyrone-6-car-
boxylate),-2H,O (6a) were produced by recrystallisation
from hot methanol (0.21 g; 25 %). Analysis, found [calc.
for Co6H,,0,,Zn]: C 53.7 (52.8), H 3.98 (3.72)%. '"H NMR
(d®-DMSO): 8.20 [1H, s, C?H], 7.50-7.30 [5H, m, CeHS5],
6.80 [1H, s, C°H], 4.95 [2H, s, CH,Ph]; *C NMR (d*-
DMSO): 172 [C*], 160 [C7], 150 [C?], 146 [C®], 141 [C?],
135-125 [C4Hs]115 [C°], 70.6 [CH,Ph]. IR data:
3200-3275 v(O-H); 1632, 1590 v(C=0); 1604 v(C=C);
1287, 1218 v(C-0).

Menthy-3-benzyloxy-4-pyrone-6-carboxylate (7)
A solution of 3-benzyloxy-6-carboxy-4-pyrone (4) (1.00 g,

4.07 mmol) in dry dichloromethane, under nitrogen, was
stirred at room temperature for approximately 10 min.
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Once it had all dissolved, the solution was treated suc-
cessively with triethylamine (0.82 g, 8.10 mmol) and
thionyl chloride (0.82 mL, 11.2 mmol). After 2 h, the so-
lution was evaporated in vacuo to remove excess thionyl
chloride and dichloromethane, leaving a pink powder. This
was re-dissolved in dichloromethane, and it was added to
menthol (15) (0.95 g, 6.09 mmol) and dimethylaminopy-
ridine (DMAP) in dichloromethane (20 %). This mixture
was allowed to stir for 24 h. When esterification was
complete, the reaction mixture was partitioned between
diethyl ether and sodium bicarbonate (10 %), and then the
organic phase was washed with brine (2 x 20 mL) (50 %
sat.), dried over magnesium sulphate, filtered and dried
under rotary evaporation to yield a yellow oil. A dark
brown solid was produced from hot hexane, which was
further purified by column chromatography (silica gel:
hexane) to yield a yellow solid (1.32 g; 56 %). Analysis,
found [calc. C3Ho50s]: C 70.2 (71.9), H 7.30 (7.29)%. 'H
NMR (CDCl3): 7.55 [1H, s, C?H], 7.30-7.20 [5H, m,
CeHsl, 7.15 [1H, s, C°H], 4.80 [1H, ddd, 37 10.5, ° 10.5,3J
4.5 Hz, C®H], 1.05-2.00 [2H, m, C°H,; 1H, m, C'°H; 2H,
m, C"'H,; 2H, m, C'?H,; 1H, m C"*H; 1H, m, C'*H], 0.78,
0.71 [2 x 3H, d, %1 3.6, 4.2 Hz, C"°H;,/C'°H;], 0.79 [3H,
d, *J 33Hz, CVH;l; 510 [2H, s, CH,Ph]. *C
NMR(CDCls): 173 [C*], 158 [C], 151 [C®], 141 [C?], 134
[C*], 134-127 [C4Hs),118 [C®], 76.6 [C®], 71.0 [CH,Ph],
46.0 [C"], 39.5 [C°], 33.0 [C''], 30.4 [C'°], 25.4 [C"],
22.4 [C"],20.9 [C"*], 19.7, 15.3 [C*/C"®]. IR data: 1745,
1631 v(C=0); 1595 v(C=C); 1278, 1215 v(C-0).

Synthesis of 3-hydroxy-6-menthoxyacetyloxymethyl-4-
pyrone (9)

Menthoxyacetylchloride (8) was produced by dissolving
menthoxyacetic acid [26] (2.60 g, 12.1 mmol) in thionyl
chloride (4.32 mL, 59.3 mmol) and warming at 50 °C for
3 h. The excess thionyl chloride was removed by warming
in a water bath under reduced pressure to produce a
colourless oil (2.49 g; 88 %). Kojic acid (0.41 g, 2.89 m-
mol) was dissolved in dichloromethane (5 mL) and cooled
to 0 °C using an ice bath. Pyridine (1.16 mL, 14.3 mmol)
was added followed by a dichloromethane solution of the
acetyl chloride 8 (1.00 g, 4.30 mmol). This was slowly
warmed to room temperature, and stirring was continued
for another 24 h. After completion of the reaction, the
mixture was quenched with water (2 mL) and further
stirred for 10 min. The aqueous phase was extracted with
dichloromethane (2 x 10 mL). The organic fractions were
combined and washed with 10 % HCl (25 mL), water
(10 mL) and brine (25 mL), dried over magnesium sul-
phate, filtered and rotary-evaporated to produce a sticky
white solid. Colourless crystals were obtained from hot
ethanol (1.60 g, 39 %; m.p. 100 °C). Analysis, found [calc.

CisHa606]: C 63.6 (63.9), H 7.73 (7.69)%. 'H NMR
(CDCl,): 7.85 [ 1H, s, C*H], 6.30 [1H, s, C°H], 6.02 [1H,
br s, C°OH], 4.95 [2H, s, C'H>], 4.18 [1H, d, *J 15.0 Hz,
C°HY, 4.02 [1H, d, %J 15.0 Hz, C°H”], 3.10 [1H, ddd, *J
11.1, %1 11.1, 33 5.1 Hz, C'°H], 2.20-1.25 [2H, m, C!'H>;
1H, m, C'?H; 2H, m, C*H,; 2H, m, C"*H,; 1H, m, CH;
1H, m, C'°H], 0.87 [3H, d, J;o_1» = 5.10 Hz, C'°Hj;], 0.83,
0.72 [2 x 3H, d, %] 7.50, 6.00 Hz, C'"H;/C'3H;). *C
NMR (CDCls): 173 [C®], 169 [C*], 162 [C®), 145 [C?], 137
[C*], 111 [C°], 79.5 [C'°), 64.7 [C°], 60.4 [C"], 47.0 [C"],
38.9 [C'1, 33.3 [C"?], 30.4 [C'?], 24.6 [C'°], 22.3 [C"],
21.2[C',19.9, 153 [C'"/ C'®). IR data: 1756, 1655, 1623
v(C=0); 1558 v(C=C); 1230, 1170 v(C-O).

Cu(3-hydroxy-6-menthoxyacetyloxymethyl-4-pyronate),
(10)

3-Hydroxy-6-menthoxyacetyloxymethyl-4-pyrone (9) (0.16 g,
0.47 mmol) was reacted with copper(Il) acetate (0.05 g,
0.25 mmol) in a mixed H,O/EtOH (1:1) solvent over a 2-h
period, and on cooling, a light green precipitate was produced
(0.30 g; 86 %). Analysis, found [calc. C36Hs500;,Cu]: C 58.9
(58.6), H 6.62 (6.78)%. IR data: 1756, 1621, 1564 v(C=0);
1506 v(C=C); 1252, 1169 v(C-0).

Zn(3-hydroxy-6-menthoxyacetyloxymethyl-4-
pyronate), (11)

3-Hydroxy-6-menthoxyacetyloxymethyl-4-pyrone (9) (0.16 g,
0.49 mmol) was reacted with zinc(Il) acetate (0.05 g,
0.27 mmol) in a manner similar to 10; on cooling, a cream
precipitate was produced (0.32 g; 91 %). Analysis, found [calc.
Ci6Hs50012Zn]: C 58.4 (58.4), H 6.81 (6.76)%. IR data: 1762,
1611, 1592 vw(C=0); 1533 w(C=C); 1267, 1155 v(C-0).

Cu(3-hydroxy-6-menthoxyacetyloxymethyl-4-pyronate),-py
(12)

Pyridine (5 mL) was added to a suspension of Cu(3-hydroxy-
6-menthoxyacetyloxymethyl-4-pyronate), (10) (0.50 g,
0.68 mmol) and toluene (30 mL). The dark green solution
formed was stirred for 30 min and cooled to —20 °C. A dark
green precipitate of 12 was produced on standing (0.32 g;
58 %). Analysis, found [calc. C4;Hs50,,NCu]: C 60.5 (60.3),
H 6.80 (6.74), N 1.75 (1.71)%. IR data: 1760, 1649, 1525
w(C=0); 1501 v(C=C); 1261, 1155 v(C-0).

Cu(3-hydroxy-6-menthoxylaetyloxymethyl-4-
pyronate),-bipy (13)

Bipyridine (0.80 g, 5.13 mmol) was added to a mixture of

toluene (30 mL) and Cu(3-hydroxy-6-menthoxyacety-
loxymethyl-4-pyronate), (10) (0.60 g, 0.81 mmol). The
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reaction mixture was stirred for 30 min at room temperature
and then left for several days, yielding a brown solid
(0.52 g; 72 %). Analysis, found [calc. C46Hs301,N,Cu]: C
60.9 (61.7), H 6.50 (6.49), N 3.20 (3.13)%. IR data: 1768,
1657, 1523 v(C=0); 1509 v(C=C); 1265, 1145 v(C-0).

Synthesis of menthy-3-oxo-butanoate (14) [28]

Diketene (4.44 mL, 57.6 mmol) in acetonitrile (6 mL) was
added dropwise to an acetonitrile (25 mL) solution of
menthol (4.50 g, 28.8 mmol) and sodium acetate (0.15 g,
1.83 mmol) and refluxed for 2 h. The reaction mixture was
cooled to 0 °C and treated with water (6 mL) and extracted
with diethyl ether (2 x 20 mL). The combined organic
layer was washed with brine (3 x 10 mL), dried over
magnesium sulphate and rotary-evaporated to yield an or-
ange oil. Further purification using column chromatogra-
phy (petroleum ether/ethyl acetate, 95:5) gave a colourless
0il (6.20 g; 89 %). Analysis, found [calc. for C;4H,405]: C
69.5 (70.0), H 10.2 (10.0)%. "H NMR (CDCl;): 4.59 [1H,
ddd, 3J 10.5, °J 10.5, J 4.6 Hz, C°H], 3.28 [2H, s, C°H>],
2.10 [3H, s, C'H;], 1.88-1.20-[2H, m, C®H,; 1H, m, C'H;
2H, m, C3H,; 2H, m, C°H,; 1H, m, C'°H; 1H, m, C''H),
0.73, 0.61 [2 x 3H, d, *J 5.40, 6.30 Hz, C'?H;/C"*H;),
0.76 [3H, d, 3J 4.2 Hz, C'*H;]. >*C NMR (CDCl;): 201
[C*, 167 [C?], 75.9 [C®], 51.0 [C'°], 47.3 [C"], 41.1 [C®),
34.6 [C®], 31.8 [C7], 30.4 [C?], 26.5 [C''],23.7 [C'], 22.4
[C%], 21.1, 16.5 [C"?*/C"*]. IR data: 1625, 1710 w(C=0).

Cu(menthyl 3-hydroxy-but-2-enoate),-MeOH (15)

A minimum amount of dilute ammonia (ca. 3 mL) was
added to menthyl 3-oxo-butanoate (14) (2.89 g, 12.0 m-
mol) in order to dissolve the ligand and give a homoge-
neous solution. This solution was added slowly to
CuS0,4-5H,0 (1.50 g, 6.01 mmol) dissolved in cold water
(10 mL). A blue precipitate was produced and filtered off.
The precipitate was washed slowly with cold acetone and
finally with diethyl ether. The solid was dried in vacuo and
recrystallised from warm methanol to produce dark blue
crystals of 15 (3.21 g; 46 %). Analysis, found [calc. for
C9H500;Cu]: C 59.9 (60.7), H 8.75 (8.72)%. IR data:
1590, 1555 v(C=0).

X-ray crystallography
Experimental details relating to the single-crystal X-ray

crystallographic studies are summarised in Table 1. For all
structures, data were collected on a Nonius Kappa CCD
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diffractometer at 150(2) K using Mo-K, radiation
(4 =0.71073 10\). Structure solution followed by full-ma-
trix least squares refinement was performed using the
WinGX-1.80 suite of programmes [29]. Specific details are
4a: the asymmetric unit consists of one molecule of 4 and
one molecule of DMSO. H2 was located in the difference
Fourier map and was freely refined. 4b: the asymmetric
unit consists of one molecule of 4 and one MeOH. All O-H
hydrogen atoms were located in the difference Fourier map
and were refined with bond lengths restraints and addi-
tionally bond angle restraint for H6A. 4¢: the asymmetric
unit consists of one molecule of 4 and one THF. The O-H
hydrogen atom H1 was located in the difference Fourier
map and was refined freely. 5a: the asymmetric unit con-
sists of one molecule of 5 (half of the dimer), one water and
three molecules of DMSO. The water hydrogen atoms
Hl1la and H11b were located in the difference Fourier map
and were freely refined; the largest residual in the electron
density map (1.5 eA’) is 1.25 A from sulphur in a non-
chemically significant location. 6a: the asymmetric unit
consists of one molecule of 5 (half of the dimer), the other
half being generated via an inversion centre. Hydrogen
atoms for the water molecules (H11A/B, H12A/B) were
located in the difference Fourier map and were refined
using bond length and bond angle restraints. 9: the asym-
metric unit consists of two molecules of 9 connected via
hydrogen bonds. The COH hydrogens H1 and H7 were
located in the difference Fourier map and were refined
freely. 15: the asymmetric unit consists of two molecules
of 15 and two molecules of MeOH. O-H hydrogen atoms
(H7, H14) were located in the difference Fourier map and
were refined with bond length restraints. Data complete-
ness of 92 % reflects sample quality, which was optimal
despite several recrystallisations.

Results and discussion

Initial attempts to prepare copper and zinc derivatives of
kojic acid proved largely ineffective. The products (1, 2;
Eq. 1) proved to be completely insoluble and defied full
characterisation. While 2 was analytically pure as pre-
cipitated, 1 was impure but could not be purified further.
Presumably the lack of solubility in the complexes, in
contrast to similar derivatives of related a-hydroxyketones
(maltol, pyridinione, tropolone), is due to extensive inter-
molecular hydrogen bonding involving the pendant
CH,OH/C=0, COH functions.
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In order to introduce solubility and/or functionality, IV
can be elaborated via either the hydroxyketone or hy-
droxyalkyl positions. We initially prepared the related
carboxylic acid (4; O-benzylcomenic acid) by protection of
the hydroxyketone (3) then oxidation of the remaining
primary alcohol using Jones’ reagent (CrO;, H,O and
H,S0,), as shown in Scheme 1.

The identities of 3 and 4 were confirmed by IH, B¢
NMR, IR and elemental analysis. In "H NMR Spectrum of
4, the disappearance of the C’H, peak is observed con-
firming the replacement of the CH, in 3 by a C=0 group in
4. The infrared spectra of 4 show the appearance of a
second C=0 band (1731 cm™") typical of a carboxylic
acid, in addition to the C=0 of C* (1629 cm™").

Crystals of solvated 4 (DMSO, 4a; MeOH, 4b; THF,
4c), obtained fortuitously as unreacted material from

Table 1 Crystallographic data for 4a—c, 5a, 6a, 9 and 15

reactions with metal acetates in various solvents to form
M(I) derivatives, confirm the identity of 4. As an example,
the structure of 4a is shown in Fig. 1; structures of 4b and
4c, both of which show extensive hydrogen-bonded net-
works, can be found in the Supplementary data (Figures
S1, S2 and Tables T1, T2) and will not be discussed further
here. In 4a, the oxygen of the DMSO solvent [O(6)] is
hydrogen bonded to the hydrogen of the carboxylic group,
H(2) [H(2)--O(6) 1.69(5); O(2)---0(6) 2.490(3) A; ZO(2)-
H(2)---O(6) 169(5)°]. In addition, there is another weak
H(6)--O(2’) interaction to the adjacent molecule
[H(6)--0(2) 241, C(6)--0(2) 3.347(3) A; ZC(6)-
H(6)---O(2") 168.9°; symmetry operation: 2 —x, —y, —z],
which creates a dimeric structure. The structure is further
stabilised by much weaker bifurcated hydrogen bonds in-
volving hydrogen atoms of the DMSO methyl groups on

4a 4b 4c Sa 6a 9 15
Chemical formula Ci5H606S  Ci14H 1406 C,7H,30¢ CesH76Cur058Sg  CsoHyy0247Zn, CigHos0Og  CooHsoCuO4
Formula mass 324.34 278.25 318.31 1612.68 1183.61 338.39 574.23
Crystal system Monoclinic ~ Triclinic Monoclinic Triclinic Triclinic Triclinic Monoclinic
alA 4.7470(1) 4.0273(4) 10.8485(2) 10.0506(2) 7.1186(2) 5.1618(3)  10.7393(3)
bIA 16.7411(4)  11.3492(11) 9.7110(2) 14.4570(3) 9.0088(2) 8.2433(6)  15.8246(6)
oA 18.6687(4)  14.4768(15) 14.7510(3) 14.5055(11) 20.0160(6) 22.372(2)  19.0491(7)
of° 97.127(5) 62.0127(11) 82.7435(11) 94.298(3)
pre 91.1399(12) 96.828(4) 102.6468(11) 76.9239(11) 80.2367(10) 93.717(3)  96.0014(16)
y/° 91.667(5) 86.4845(8) 79.7338(11) 106.372(4)
V/A® 1483.31(6)  651.27(11)  1516.31(5) 1810.46(15) 1238.66(6) 907.08(12) 3219.56(19)
Space group P2y/n Pl P2/a P1 Pl P1 P2,
VA 4 2 4 1 1 2 4
M(Mo-ky)/mm™’ 0.245 0.112 0.106 0.842 1.060 0.092 0.717
No. of reflections measured 27,989 8709 32,461 35,677 16,772 9092 14,064
No. of independent reflections 3375 2934 4407 8196 5508 5259 9385
Rins 0.1255 0.0864 0.0643 0.0570 0.1781 0.0443 0.0365
Final R; values (I > 2a(])) 0.0654 0.1384 0.0484 0.0424 0.0646 0.0571 0.0411
Final wR(F?) values (I > 20(I)) 0.1747 0.3521 0.1141 0.1013 0.1620 0.1246 0.0892
Final R; values (all data) 0.0843 0.1897 0.0708 0.0648 0.0966 0.0799 0.0618
Final wR(F?) values (all data) 0.1913 0.3878 0.1279 0.1135 0.2034 0.1379 0.0985
Goodness of fit on F? 1.037 1.317 1.026 1.053 1.122 1.033 1.025
Flack parameter —0.016(9)
CCDC number 1045954 1045955 1045956 1045957 1045958 1045959 1045960
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Scheme 1 Synthesis of O-
benzylcomenic acid (4)

(0]
ﬁm
o, A
(0]

Fig. 1 Asymmetric unit of 4a, showing the labelling scheme used;
ellipsoids are at the 50 % level. Symmetry operations: '2 — x, —y,
"2 —x, 2+ y, Y2—z

the adjacent solvent molecule [H(14A), H(15B)] with
carbonyl oxygen of the pyronic ring [O(4)---C(14) 3.192
(3), H(14B)---O(4): 2.50 A; ZC(14)-H(14B)---O(4) 127.2°;
(4)--C(15) 3.261(3), H(15B)--O(4): 2.59 A; /C(140-
H(14B)---O(4) 125.9°; symmetry operation: —x + 3/2,
y—1/2, —z+4 1/2] to produce an extended lattice
network.

Reaction of 4 with the appropriate metal acetate in a
water/alcohol mix successfully yielded the copper (5) and
zinc (6) complexes (Eq. 2):

0
OBn
2 ’ | M(O,CCH3), /O
_eE o
HO ™M
0 H,0 / EtOH ~
o) /

0 ] °

(4) BnO

(0] (0]
OBn OBn
BnCl Jones reagent
—_— B
oo ] e
O O
(0]

©) (4)

Microanalysis suggests that these complexes are hydrated
i.e. 5-2H,0, 6-3-5H,0. The '"H NMR spectrum of 6 shows
the presence of the C2H (8.20 ppm) and C°H (6.80 ppm)
from the ligand and the presence of the protecting group
(7.30-7.50 ppm).

Recrystallisation of 5§ from hot DMSO produced Cu(3-
benzyloxy-4-pyrone-6-carboxylate),-H,O-3DMSO  (5a).
The asymmetric unit of Sa (Fig. 2) consists of one half of a
dimer in which each copper atom is coordinated by car-
boxylate groups, DMSO, one water molecule and a pyronic
carbonyl. The carboxylate ligands are monodentate with
respect to copper, and the [C=0] involves itself in hydro-
gen bonding. There are a further two molecules of DMSO
incorporated in the structure, but these are not interacting
with the metal centre. The remainder of the structure is
generated via an inversion centre at the heart of the dimer
(symmetry operation 1 —x, —y, 2 —z) creating a head-to-
tail configuration. The coordination sphere around each
copper atom is square-pyramidal CuOs (tr = 0.10) [30],
two of which are from the carboxylate ligands, one from
the water molecule, one from the DMSO molecule and one
from the pyronic carbonyl oxygen; the pyronic carbonyl is
in the axial position [Cu-O(9’) 2.2690(17) A] and the
carboxylate ligands [Cu-O(1) 1.9635(18), Cu—O(6)
1.9762(15) A], and solvent molecules, water [Cu-O(11)
1.9352(18) A] and DMSO [Cu-O(12) 1.9511(17) A}, in the
equatorial positions. The angles subtended by the atoms in
the equatorial plane at the centre are close to the ideal for a
square-planar geometry [O(6)-Cu-O(11): 88.50(7)°; (1)—
Cu-0O(12): 91.26(7)°; (6)-Cu-0(12): 89.64(7)°; (1)-Cu—

OBn

(Eqgn. 2)

M = Cu (5), Zn (6)

@ Springer



Transition Met Chem (2015) 40:459-470

465

C30

Fig. 2 Asymmetric unit of 5a, showing the labelling scheme used;
ellipsoids are at the 50 % level. Selected geometric data: Cu—O(1)
1.9352(18), Cu-0(6) 1.9762(15), Cu-O(9’) 2.2689(16), Cu-O(11)
1.9352(18), Cu-O(12) 1.9511(17), (1)-C(1) 1.271(3), (2)-C(1)
1.241(3), (4)-C4) 1.236(3), (6)-C(14) 1.275(3), (7)-C(14)

1.234(3), (9)-C(17) 1.242(3) A; (1)-Cu-0(6) 171.84(7), (1)-Cu—
0(9') 86.42(6), (1)-Cu—0O(11) 90.54(7), (1)-Cu-0(12) 91.26(7), (6)—
Cu-0(9) 101.72(6), (6)-Cu—O(11) 88.50(7), (6)~Cu—O(12) 89.64(7),
(9")-Cu-0O(11) 92.74(7), (9)-Cu-0O(12) 87.98(7), (11)-Cu-0O(12)
178.10(7)°. Symmetry operations: '1 — x, —y,2 — z;"—x, —y,2 — z

Fig. 3 Intermolecular association through hydrogen bonds in 5a

O(11): 90.54(7)°]. In addition, the trans pair of atom angles
also are close to the ideal value of 180° [O(1)-Cu—-O(6);
171.84(7)°; (11)-Cu-0O(12): 178.10(7)°]. Two other
molecules of DMSO are included in the structure (Fig. 2),

which are linked to the dimer by hydrogen bonds
[H(7a)--O(14) 2.51 A, C(7)--O(14) 3.453(4) A, ZC(7)-
H(7a)---0(14) 160.1°; H(19)--0O(13) 2.42 A, C(19)---O(13)
3.371(3) A, ZC(19)-H(19)---O(13) 174.2°].
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C9 C10

Fig. 4 Asymmetric unit of 6a, showing the labelling scheme used
(H11a is not labelled); ellipsoids are at the 50 % level. Selected
geometric data: Zn-O(1) 2.012(3), Zn—-0O(9) 2.063(3), Zn-O(10')
1.995(3), Zn—-0O(11) 2.039(4), Zn—-0(12) 2.019(3), (1)-C(1) 1.261(6),
(2)-C(1) 1.245(7), (3)-C(4) 1.235(7), (8)-C(24) 1.240(6), (9)-C(24)

In addition, there is lattice association through a network
of hydrogen bonds (Fig. 3), primarily involving the coor-
dinated water molecule [H(11la)---O(2) 1.88(4),
(11)---0(2")-++ 2.631(2), ZO(11)-H(11a)--O(2") 167(3);
H(11b)--O(7") 1.85(4), (11)--O(7").2.622(2), ZO(11)-
H(11b)---O(7") 176(3)°], supported by a weaker CH---O
interaction [H(3)---O(14) 2.56 A, C(3)---0(14) 3.441(3) A,
ZC(3)-H(3)---O(14) 153.9°; symmetry operation: —x, —Y,
—z + 1]. The DMSO based on S(3) thus forms bifurcated
hydrogen bonds in the same way as seen in 4a.

Recrystallisation of the zinc complex 6 from hot methanol
resulted in the formation of Zn(3-benzyloxy-4-pyrone-6-
carboxylate),-2H,0 (6a). The structure of 6a (Fig. 4) is
similar to that of Sa, whereby it consists of a dimer generated
via the inversion operation 1 — x, 1 — y, —z, but with H,O
coordinated to zinc instead of DMSO. The zinc(II) ion is
coordinated to five oxygen atoms, of which two oxygens are
from the carboxylate residue [Zn—O(1) 2.012(3), Zn—0(9)
2.063(3) A, one from the carbonyl oxygen atom of the
pyranone ring [Zn-O(10") 1.995(3) A] and two from the
water molecules [Zn—-O(11) 2.039(4), Zn—-0(12) 2.019(3)
A]. 6a thus exhibits a five-coordinated ZnOs motif and a
square-pyramidal geometry (t = 0.098) [30] with two car-
boxylate atoms [O(1)-Zn—0O(9): 157.04(16) and two water
molecules in the basal plane [O(11)-Zn-O(12):
163.80(17)°] and the pyranone oxygen (10) axial; this ge-
ometry is notably more distorted than that in Sa.

As with 5a, 6a forms an associated lattice through a
network of hydrogen bonds (Fig. 5). The carbonyl oxygen
of each carboxylate group, which are themselves
monodentate with respect to zinc, forms a pair of bifur-
cated hydrogen bonds involving, in total, all the water

@ Springer

1.261(6), (10)-C(26) 1.267(5) A; (1)-Zn-0(9) 157.04(16), (1)-Zn—
0(10") 94.33(15), (1)-Zn—-0O(11) 92.36(15), (1)-Zn—-0(12) 89.77(14),
(9)-Zn—-0(10") 108.60(13), (9)-Zn-0O(11) 84.08(14), (9)-Zn-0(12)
87.32(13), (10")—Zn-0O(11) 96.45(15), (10")-Zn-0(12) 100.41(14),
(11)-Zn-0(12) 163.80(17)°. Symmetry operation: 1 — x, 1 — y, z

hydrogen atoms, to form hydrogen-bonded molecular
stacks [H(11b)--O(2) 1.95(6), (11)--O(2) 2.710(5) A,
Z0(11b)-H(11)---(02) 142(9)°; H(1la)---O(8) 1.88(4),
(11)--0(8) 2.699(5) A, ZO(11b)-H(11)--(02) 154(8)°;
H(12a)--O(8) 2.03(8), (12)--0(8) 2.691(4) A, ZO(11b)-
H(11)---(02) 131(9)°; H(12b)---O(2) 1.89(3), (12)---O(2)
2.737(5) A, Z0(12)-H(12b)---(02) 159(6)°].

Our initial attempt to introduce a flavourant as a ligand
component involved the initial conversion of 4 to its acid
chloride, followed by reaction with menthol in the presence
of base to yield 7 (Scheme 2). '"H NMR of 7 shows new
peaks due to the menthyl group at 6 0.71-2.00 ppm, while
the C®H proton is shifted from 3.12 ppm in menthol to
4.80 ppm in 7 and the alkene protons on the pyronic ring
shift from 8.40 ppm [C*H] and 6.80 ppm [C’H] in 4 to
7.55 ppm [C*H] and 7.15 ppm [C°H] in 7. However, de-
spite numerous attempts to de-protect 7 using an atmo-
sphere of hydrogen gas in the presence of a catalytic
amount of Pd/C, with varying temperatures (25, 50 °C),
different reaction times (4, 16, 24 h) and different solvents
(THF, EtOH, MeOH, aq EtOH), '"H NMR showed that
there was still the presence of the protecting group
(5.10 ppm, CH,Ph; 7.20-7.30 ppm, C¢Hs).

However, the related species 9 was obtained, albeit
fortuitously. Menthoxyacetic acid was converted to its acyl
chloride (8) which was directly reacted with kojic acid in
the presence of a pyridine [31]. However, from spectro-
scopic data and X-ray analysis, it was found that the base
deprotonated the C’-OH on kojic acid instead of the an-
ticipated C*-OH to produce 3-hydroxy-6-menthoxyacety-
loxymethyl-4-pyrone (9) (Scheme 2). X-ray analysis of 9
(Fig. 6) confirmed the coupling site as C’-OH rather than
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Fig. 5 Intermolecular association through hydrogen bonds in 6a

Scheme 2 Synthetic routes to
flavourant-functionalised )
derivatives of kojic acid

(i) Et;N, SOCI,
(ii) menthol, DMAP

the C*-OH, leaving a free chelating hydroxyketone for zinc
and copper chelation. The asymmetric unit of 9 consists of
a dimer, involving two ligands that are intermolecularly
hydrogen bonded to each other via two complimentary
C=0---OH hydrogen bonds [H(7)---O(2) 1.91(8), (7)---O(2):
2.718(5) A, ZO(7)-H(7)--O(2) 142(8)°; H(1) (8) 2.00(6),
(1)---0(8): 2.744(6) A, ZO(1)-H(1)---O(8) 150(6)°]. This
dimeric arrangement is common among the family of o-

(0]
OBn OH
o, A
(@)
(8) . O/\"/CI
AN O
19
12
13 11
14 L 2.5 0
> O/\ﬂ/
i16 O
17/\13

(©)

hydroxyketones I-IV and a pattern which we and others
have encountered elsewhere in these studies [4, 32].
However, the two menthyl groups are disposed in a trans
manner with respect to the two pyranone rings, unlike the
related dimer of 1-menthoxyethyl-2-methyl-3-hydrox-
ypyridin-4-one, which incorporates the same flavorant but
attached to a pyridinone ring, where the two menthyl
groups are cis to each other [5].
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Fig. 6 Asymmetric unit of 9, showing the labelling scheme used; ellipsoids are at the 50 % level

Copper (10) and zinc (11) complexes have been pre-
pared from 9 in a similar manner to that described above
for 5, 6 (Eq. 3):

o O
Z O\M/O Z 70
(0]
M(O,CCHj3), < O/ \O Z

2(9)

M = Cu (10), Zn (11)

or 2,2'-bipyridyl was added. 10 was thus solubilised, and on
standing these solutions produced dark precipitates of Cu(3-
hydroxy-6-menthoxyacetyloxymethyl-4-pyronate),-py (12,

(Ean. 3)

10, 11 were obtained as highly insoluble precipitates and
characterised by elemental analysis and IR spectroscopy.
The elemental analysis suggested that the two complexes
are both anhydrous. The absence of the v(O-H) mode and
the decrease in the v(C=0) mode by ca. 34-44 cm™ ' in the
IR spectra of the metal complexes (10: v(C=0) 1621 cm ™
11: v(C=0) 1611 cm™ ") as compared to the ligand (9:
1655 cm™ ") confirm the expected 0,0 k* chelation by the
ligand, while v(C=0) of the ester group in the spectrum of
9 (1756 cm™') is similar to the metal complexes (10:
1756 cm™'; 11:1762 cm™"), suggesting that no coordina-
tion occurs via this carbonyl group.

In order to obtain more soluble species for detailed struc-
tural analysis, 10 was suspended in toluene and either pyridine

@ Springer

green) and Cu(3-hydroxy-6-menthoxyacetyloxymethyl-4-
pyronate),-bipy (13, brown). 12 and 13 were characterised by
elemental analysis, and the results confirmed that 1:1 copper
complexes with either bipyridine or pyridine coordinated to
the metal complex has been formed. Unfortunately, crystals
suitable for definitive structural elucidation were not forth-
coming, but 12 presumably contains a five-coordinate copper
and the bipyridine adduct 13 a six-coordinate metal.

Finally, to gain some insight into the structures of in-
soluble 10, 11, a new flavoured diketone ligand, menthyl-3-
oxo-butanoate (14) was synthesised following a literature
procedure (Eq. 4) [21], involving base-catalysed acylation
reaction between menthol, anhydrous sodium acetate and
diketene:
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14
o 7

(0] 8 6

(14)

<

2

CU(OchH:;)z

O O
B Sl
9 Cu
OH 10} 0742y 6\ g o (4)
P11
12/\13 | O)\/\k (Ean. 4)
/I\

(15)

Two bands were observed in the IR spectrum of 14
(1710, 1625 cm ™) which correspond to the v(C=0) bands.
"H NMR showed the presence of the menthol component
of 14, with C°H resonating at a ¢ 4.59 ppm, shifted from
3.12 ppm in menthol. In addition, the coupling pattern of
the C°H in 'H NMR spectrum confirms the retention of the
menthol configuration at c (ddd, Jg g.x = Jg_13 = 10.5,
Js g8eq = 4.6 Hz; see Scheme 2 for menthyl group
numbering].

C37

14 was reacted with copper acetate following the reac-
tion conditions employed in the synthesis of bis(acety-
lacetonato)copper(Il) [33]. A blue precipitate was formed
which was crystallised from hot methanol to produce
Cu(menthyl-3-hydroxy-but-2-enoate),-MeOH (15; Eq. 4).
The v(C=0) bands in the starting material are shifted to
lower wavenumber in 15 (1590; 1555 cm™"), suggesting
that the metal chelates via the two oxygen atoms. X-ray
analysis shows that the asymmetric unit of 15 contains two

Fig. 7 Asymmetric unit of 15, showing the labelling scheme used in
the text; thermal ellipsoids are at the 40 % level. C(5) is hidden
behind C(22) and is not labelled. Selected geometric data for the
molecule containing Cu(l): Cu(1)-O(1) 1.910(3), Cu(1)-0(2)
1.923(3), Cu(1)-O0(3) 1.919(3),Cu(1)-O(4) 1.938(2), Cu(1)-O(7)
2.261(4), O(1)-C(1) 1.283(5), O(2)-C(4) 1.253(5), O(3)-C(15)

1.291(5), O4)-C(18) 1.257(4) A; O(1)-Cu(1)-O(2) 93.47(12),
O()-Cu(1)-0(3) 88.14(12), O(1)=Cu(1)-0(4) 171.12(16), O(1)—
Cu(1)-0(7) 96.04(15), O(2)-Cu(1)-0(3) 171.45(16), O(2)~Cu(1)~
0d) 84.19(10), O(Q2)-Cu(1)-0(7) 95.19(15), O(3)-Cu(1)-O(4)
92.94(11), O(3)-Cu(1)-0(7) 92.99(14), O(4)-Cu(1)-O(7) 92.70(15)°
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independent molecules that are hydrogen bonded, gener-
ating a dimer (Fig. 7). A molecule of methanol is coordi-
nated to the metal centre in each molecule to generate a
five-coordinate species. The hydrogen atom of each
methanol forms an intermolecular hydrogen bond to the
hydroxyl oxygen on the next molecule [H(7)---O(8)
2.002), (7)--O@8): 2.857(4) A, ZO(7)-H(7)--O(@8)
164(6)°; H(14)--O(3) 1.893(19), (14)--O(3): 2.745(4) A),
Z0(14)-H(14)---O(3) 164(5)°]. The coordination sphere
around the copper metal is square-pyramidal in both
molecules (tr = 0.01, 0.13 for Cu(1), Cu(2), respectively)
[30], in which the solvent molecule occupies the apical
position and involves the longest of the Cu—O bonds pre-
sent in the molecule [Cul)-O(7) 2.261(4); Cu(2)-0(14)
2.296(4) A]. The pairs of chelate rings on the basal plane of
both molecules are oriented cis with respect to the two
menthyl groups, a situation dictated by the formation of the
dimer via hydrogen bonds. Within each chelate ring, there
is a short Cu—O bond associated with a longer C-O inter-
action [e.g. Cu(1)-O(1) 1.910(3), (1)-C(1) 1.283(5) Al and
one long Cu-O associated with a shorter C=0 [e.g. Cu(1)-
0(2) 1.923(3), (2)-C(4) 1.253(5) A]. However, in the
chelate rings which are also involved in hydrogen bonding,
the C-O bond is lengthened further [e.g. (3)-C(15)
1.291(5) A]. The structure of 15 is similar to those
bis(2,3,3,4,4-pentamethyl-8, 8, 8-trifluoro-4-silaoctane-5,7-
dionato)copper(Il) (methanol)) [34] and bis(pivaloyltri-
fluoroacetonate)copper(Il)-EtOH [35], both of which in-
corporate two O,0O-chelate rings and a solvent molecule in
a square-pyramidal environment (Fig. 7).

Conclusions

Simple copper(Il) and zinc(II) derivatives of kojic acid (1,
2) are insoluble, presumably due to intermolecular hydro-
gen bonds involving the exo-cyclic CH,OH groups. Un-
fortunately, elaboration of this functionality in the form of
6-menthoxyacetyloxymethyl-4-pyrone (9), which incorpo-
rates a flavouring component, failed to enhance the solu-
bility of the corresponding metal complexes, although
addition of a Lewis base (pyridine, bipyridyl) does cause
dissolution. Similarly, the two metals form complexes with
comenic acid (5, 6) after oxidation of kojic acid, though
again these are only soluble in strongly coordination sol-
vents (DMSO, MeOH). Consequently, these metal com-
plexes collectively seem less attractive as potential
antibacterial agents’ dental formulations in comparison
with their previously reported pyranone (maltol, ethyl
maltol) and pyridinone analogues [5].
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