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SYNTHESIS OF CROWN ETHER COMPOUNDS AS POTENTIAL
INHIBITORS OF ENZYMATIC DISCOLOURATION OF FOODS
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The synthesis of the following crown ether containing compounds as potential
polyphenol oxidase inhibitors is described: 4’-N(benzo-crown-5)succinamic acid (I), 4’-N(benzo-
15-crown-5)malemic acid (I), ester of 4’-N(benzo-15-crown-5)bis[4’-N(benzo-15-crown-
5)]phthalamic acid (III) and complex of benzo-18-crown-6 with 2-propenyl-acrylamide (IV). The
complexes of I, IT and IV with potassium 2-propenyl-acrylamide are also described.

Keywords: complexes of crown ethers containing 2-propenyl-acrylates, inhibitors of
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The discovery of crown compounds by Pedersen during the late 1960s was
followed by intensive synthesis, characterization and application of these compounds.
The most important crown compounds are macrocyclic ethers, which — due to their
unique properties to form complexes with metal ions — have found numerous
applications in various fields, such as organic synthesis, especially polymer synthesis,
analytical chemistry, capture and separation of metal ions, resolution of optical isomers
and in biochemistry and biophysics (PEDERSEN, 1967a,b; 1970a,b; 1972). In a recently
published review article from our Laboratory in Osijek, part of the work by Cram and
co-workers concerning the application of atropisomeric crown compounds as
enantioselective supports in chromatography is described (PILI%OTA, 1998). Over one
thousand scientific papers and patents related to crown compounds were published
during the last few years. Recently a naturally occurring crown compound,
B-cyclodextrin, has found practical use in food technology as inhibitor of enzymatic
browning of fruits and vegetables (HICKS et al., 1996).

The mechanism of enzymatic discolouration of foods is described in a large
number of papers and monographs (VAMOS-VIGYAZO, 1981; SAPERS, 1993; PILIZOTA
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& SuBARIC, 1998). Based on extensive studies it is considered that the enzymatic
browning is connected with the hydroxylation of mono-phenols to diphenols, under the
subsequent oxydation of diphenols to the coloured o-quinones.

These reactions are catalysed by polyphenol oxidase which is an oligomeric
metalloporphirine containing copper as prosthetic group. Based on a large number of
studies it has been established that inhibitors of enzymatic discolouration, which react
with copper ions, are efficient stabilizers of food products. One of these stabilizers is
ascorbic acid oxidase, which also contains copper ion bound to protein (BURNS &
GREENBERG, 1963).

In view of the unusual properties of the complexing of crown compounds with
metal ions, including copper ions, we have prepared several compounds which contain
macrocyclic crown ethers as potential inhibitors of food discolouration caused by
polyphenol oxidase. The macrocyclic ethers, which are part of the compounds
described in the experimental section of this work, are benzo-15-crown-5 and benzo-
18-crown-6, respectively. In a recently published paper we have described the
complexing ability of benzo-15-crown-5 and poly(benzo-15-crown-5-alt-0-methyl-
styrene) with sodium and potassium ions, and it was found that these complexes are
very stable. The sodium ion forms a 1:1 complex with benzo-15-crown-5, while
potassium ions form 1:2 complexes, respectively. Both complexes are soluble in
methylene dichloride (POONIA, 1974; FLES et al., 1994).

As shown by PEDERSEN and FRENDSDORFF (1972), the stability of crown
ether/metal ion complexes depends on the relative sizes of the cation and the cavity of
the crown ether: the more closely they match, the more stable is the complex formed.
For the crown compounds used in this work, Pedersen calculated the cavity diameters
on the basis of atomic models and obtained the following values: for benzo-15-crown-5
the cavity diameter was 1.7-2.2 A (lower values are estimated from Corey-Pauling-
Koltum atomic models, while higher values are calculated from Fisher-Hilschfelder-
Taylor models). According to the data tabulated in the monography “Crown
compounds, their characterization and application” by HIRAOKA (1982) the ionic
diameter of Cu?" has a value of 1.44 A and is therefore able to form stable complexes
with benzo-15-crown-5 and benzo-18-crown-06, respectively.

1. Materials and methods

1.1. 4-(Aminobenzo-15-crown-5)

The compound was prepared by reduction of 4-(nitrobenzo-15-crown-5)
following the procedure published by FLES and co-workers (1992).
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1.2. 4°-N(Benzo-15-crown-5)succinamic acid(l)

A mixture of 4-(aminobenzo-15-crown-5) (0.566 g; 0.002 mol) and 02 g
(0.002 mol) of succinic anhydride was dissolved under heating in 4 ml of chloroform
and left overnight at room temperature. The crystalline product was removed by
filtration yielding 0.41 g (53%) of product melting at 150-154 °C. A sample for
analysis was recrystallized from ethanol, m.p. 153-154 °C. Recrystallization from
water did not change the melting point.

Analysis. Calculated for C;gH,sNOg (383,39): C, 56.39; H, 6.57; N, 3.65;
Found: C, 55.89; H, 5.23; N, 3.71.

1.3. Complex of potassium salt of 4’-N(benzo-crown-5)succinamic acid with potassium
2-propenyl acrylamide (Ia)

4’-N(Benzo-15-crown-5)succinamic acid (0.793 g: 0.002 mol) is dissolved in
20 ml of n-KOH under the addition of 0.150 g (0.001 mol) of potassium 2-propenyl-
acrylate. The clear filtered solution is evaporated in vacuum to dryness, yielding 1.02 g
of white powder soluble in water.

Analysis. Calculated for C;,Hs3N,0 K5 (991.2); N, 2.82; Found: N, 2.49.

1.4. 4°-N(Benzo-15-crown-5)maleamic acid 11

Compound II was prepared according to the procedure described by FLES and
co-workers (1992). 4-Aminobenzo-15-crown-5 (0.566 g; 0.002 mol) was dissolved in
4 ml of chloroform and mixed under cooling with 0.200 g (0.002 mol) of maleic
anhydride dissolved in 4 ml of chloroform. After standing overnight at room
temperature the solvent was evaporated in vacuum, and the dark coloured crystalline
product was recrystallized from water, yielding analytically pure II: Yield 95%, m.p.
152-154 °C.

Analysis. Calculated for C;gH,3NOg (381.4); C, 56.68; H, 6.08; N, 3.67; Found:
C, 56.40; H, 6.10; N, 3.50.

1.5. Complex of potassium salt of N(benzo-15-crown-5)maleamic acid with potassium
2-propenyl acrylate (Ila)

Complex Ila was prepared in the same manner as previously described for Ia:
0.381 g, 0.001 mol of N-substituted maleic acid I was dissolved in 1 ml of n-KOH
followed by the addition of 0.075 g (0.0005 mol) of potassium 2-propenyl-acrylate.
After standing overnight at room temperature, the dark brown solution was evaporated
to dryness yielding 0.41 g of semisolid residue which was triturated with ether; the
resulting white powder was filtered off and dried in vacuum.
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Analysis. Calculated for C,H5 N,OgK; (989.18); C, 50.99; H, 5.20; N, 2.85;
Found: C, 49.46; H, 4.27; N, 2.71.

1.6. Ester of 4’-N(benzo-15-crown-5)-bis[4’-N(benzo-15-crown-5)]phthalamic acid (I11)

A mixture of 0.566 g (0.002 mol) of 4-amino-benzo-15-crown-5 and 0.296 g
(0.002 mol) of phthalic anhydride is heated in an oil bath at 140 °C. Water and
ammonia are formed under foaming and after 30 min a solid crystalline mass is formed.
The crystalline product is dissolved in 10 ml of chloroform, and crystallized by the
addition of 10 ml of petroleum ether (b.p. 40-70 °C; yield 0.48 g, 74%; m.p.
188-189 °C. A sample (150 mg) was recrystallized from 20 ml of isopropanol, m.p.
188-189 °C.

Analysis. Calculated for C5oHqNO ¢ (963); 62.27; H, 6.38; N, 1.45; Found: C,
62.69; H, 5.46; N, 1.48.

1.7. Complex of benzo-18-crown-6 with 2-propenyl-acrylic acid (IVa)

Benzo-18-crown-6 (0.312 g, 0.001 mol) was mixed with 0.113 g (0.001 mol) of
2-propenyl-acrylic acid and dissolved in 2 ml of water. The residue obtained upon
evaporation of water in vacuum was triturated with ether yielding 0.42 g (100%) of the
title complex in the form of white powder.

Analysis. Calculated for C,,H;,04 (424.5); C, 62.25; H, 7.60; Found: C, 61.93;
H, 6.55.

1.8. Complex of benzo-18-crown-6 with potassium 2-propenyl-acrylate (IVb)

Complex IVb was prepared in the same manner as described for IVa.
Analysis. Calculated for C,,H;;0gK (462.58); C, 57.12; H, 6.76; Found: C,
56.41; H, 7.06.

Results and discussion

In the experimental part of this paper the preparation of the following crown
ether containing compounds is described: 4’-N(benzo-15-crown-5)succinamic acid (I),
4’-N(benzo-15-crown-5)maleamic acid (II), and ester of 4’-N(benzo-15-crown-5)bis
[4°-N(benzo-15-crown-5)]phthalamic acid (I1I).
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Compounds I and II are prepared by condensation of 4-amino-benzo-15-crown-5
with succinic anhydride or maleic anhydride, respectively. In order to increase the
solubility of the amides I and II in water and to improve their efficiency as food
stabilizers, the complexes with potassium 2-propenyl-acrylate (Ia and Ila) were
prepared. Potassium 2-propenyl-acrylate is a well known fungistatic agent widely used
as food stabilizer under the name of sorbic acid (THE MERCK INDEX, 1976). An
attempt to prepare benzo-15-crown-5-phthalic acid was unsuccessful since melting of
the equimolar mixture of amino-benzo-15-crown-5 with phthalic anhydride leads to the
loss of water and ammonia under the formation of ester-diamide III. Complexes [Va
and IVb are under investigation in our Laboratory as potential browning inhibitors of
cut fruits and fruit juices (SUBARIC & PILIZOTA, 1998).
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3. Conclusions

Addition of 4’-N(aminobenzo-15-crown-5) to succinic anhydride and maleic
anhydride gave the corresponding amides: 4’N(benzo-15-crown-5) succinamic acid (I)
and 4’-N(benzo-15-crown-5)maleamic acid (II). The reaction of amino benzo-15-
crown-5 with phthalic anhydride gave the ester of 4'-(benzo-15-crown-5)-bis[4'-
N(benzo-15-crown-5)|phthalamic acid (III). Crown compounds I and II gave
complexes with potassium 2-propenyl-acrylates (Ia and IIa). One to one complexes
were formed by mixing benzo-18-crown-6 with 2-propenyl acrylic acid and potassium
2-propenyl-acrylate. The compounds I to III and complexes Ia, Ila and IVa and b were
prepared as potential inhibitors of enzymatic discolouration of food.
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