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Abstract: An efficient preparation of the titled compounds is described, their antimicrobial activity
and mutagenic properties being evaluated. Some of the studied compounds are non mutagenic and
present a MIC as low as some of the usual standards in the field. Copyright © 1996 Elsevier Science Ltd

Introduction

The classical nitroimidazolic antimicrobial agents,! such as metronidazole and others, are very active
against anaerobic bacteria and have a high and widespread use all over the world. However, they present serious
problems of mutagenicity. The in vivo reduction of the nitro group is a common required step for both the
antibiotic and the mutagenic activities. Thus, the separation of both effects is a goal of prime importance. The
mechanism of action of nitroimidazoles? begins with a monoelectronic reduction of the nitro group to give a
radical-anion, which can be deactivated by oxygen, thus hampering the subsequent steps of the process. This
suggests that new nitroimidazolic antimicrobial agents bearing phenolic antioxidant moieties would have a
protecting effect on this radical-anion. Two interesting compounds, abunidazole,? 1a, and EU-11100,5 1b,
which present substituted phenolic rings containing a terr-butyl lipophilic group, have been reported in the patent
literature. With these precedents in mind we undertook the preparation of a family of compounds 1, differently
substituted in the ortho and/or para positions with respect to phenolic hydroxyl group. Bulky and strong
lipophilic groups were chosen as substituents in the carbocyclic ring.

Synthesis

The reaction scheme is detailed below and our results are given in the Table. The described preparations
of abunidazole,* la, and EU-11100,5 1b, required the condensation of 1-methyl-5-nitroimidazole-2-
carboxaldehyde, 2, with the corresponding aryloxymagnesium halides formed in a reaction between phenols and
a Grignard reagent. In order to avoid the use of these type of reagents we turned to other methodologies for the
regioselective ortho a-hydroxyalkylation.
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The so called metal-template catalysis® for o-functionalization of phenols has been investigated by several
authors. Nagata et al 7 reported the related regioselective ortho-hydroxyalkylation of phenols based on the
trapping of the dihydroxy compound in the form of a phenylboronic acid cyclic ester. This method has been very
convenient in our preparation of 1. Thus, the aldehyde 2 was reacted with differently substituted phenols 3 in the
presence of a little excess of phenylboronic acid and a catalytic amount of propionic acid in refluxing benzene.
The 4H-1,3,2-benzodioxaborins 4 thus obtained were oxidized with hydrogen peroxide in tetrahydrofuran at
room temperature to afford the desired products 1.8. 9

Aldehyde 2 was prepared in 72 % yield from commercially available 2-hydroxymethyl-1-methyl-5-
nitroimidazole by oxidation with manganese(IV) oxide in chloroform.1¥ The non commercial phenols 3 bearing
alkyl groups in ortho or para positions were synthesized by thermal reaction of non alkylated phenols with the
corresponding alkyl bromides.!!

Assay methods

1.- Salmonella typhimurium reverse mutation assay (Ames test)

The assay was carried out using the standard plate incorporation test described by Ames ef al.12. The
Salmonella strain used, TA-100, was supplied by Professor B.N. Ames (Berkeley). Briefly, 0.1 ml of the
appropriate bacterial culture containing approximately 2.108 cells, together with 0.5 ml of S-9 (IFFA-CREDO)
mix, was combined with 0.1 ml of test solution and 2 ml of histidine deficient agar. This mixture was layered
onto 25 ml of pre-poured Vogel-Bonner minimal agar. Triplicate plates were used at each dose level. The plates
were incubated for 72 h at 37°C and the number of revertant colonies counted on a IUL Countermat automatic
colony counter. The products, dissolved in dimethylsulfoxide, were tested at the following concentrations: 5000,
2000, 800, 320 and 128 pg/plate, and the positive control assessed was 2-aminofluorene at 20 pg/plate.

A compound is considered to be mutagenic if a statistically significant dose-related increase in the number
of revertant colonies, of at least twice the concurrent solvent control, is obtained in two separate experiments. The
results of this mutagenicity test for the new compounds 1c-k are presented in the Table. The first assays gave
weak mutagenic character or not clear results, as mutagenicity was only observed at high doses and accompanied
with doubtful bacterial background lawn. Thus, two of the requirements to define the mutagenic character of a
compound were not fulfilled (dose-related increase in the number of revertants in the presence of normal bacterial
background lawn). However, the number of revertants was superior to the control and the mutagenic character
could not be excluded. In order to clarify the results the Ames test was repeated with compounds 1¢, 1d, and 1i
which had been carefully treated with sodium hydrogeno sulfite to eliminate residual traces of the intermediate
aldehyde 2, and then recrystallized. The purified samples (containing < 0.01% of 2) were not mutagenic.

2. Antimicrobial activity

Minimum inhibitory concentrations (MIC) were determined by a standardized agar dilution technique.!3
The anaerobic bacteria studied were the following: one strain of Bacteroides fragilis ATCC 25285 (American
Type Culture Collection), four strains of Bucteroides fragilis of clinical origin (366/H, 781/L, 1134 and 1009),
one B. vuigatus ATCC 8482, one Clostridium perfrigens ATCC 13124, one Prevotellamelaninogenica ATCC
25845, one Peptostreptococcus anaerobius ATCC 27337 and one Peptostreptococcus magnus ATCC 29328,
identified by standard criteria and kept frozen in glycerol-Caso broth until use. The susceptibilities of the isolates
to the tested drugs were determined in Wilkins-Chalgren agar. The products were initially dissolved in
dimethylsulfoxide and then dilutions were made in water. Metronidazole was used as standard. Plates containing
serial doubling dilutions of antimicrobial agents ranging from 0.03 to 64 pg/mi were inoculated with a Steer's
replicator to give a final inoculum of 105 CFU. They were incubated in an anaerobic chamber (Gaspak with
Anaerocult A Merck) for 48 h at 37°C. The control plates contained 2 mL of 2 mixture DMSO-H20 1:2, the same
mixture that was used in the samples having the higher concentration of DMSO.



MIC was defined as the lowest concentration of drug that inhibited growth. The antimicrobial activity
(geometric mean of MIC values in pmol/l) of new compounds 1c-k are summarized in the Table, together with

[2-Hydroxyaryl]-[1-methyl-5-nitro-1 H-2-imidazolylJmethanols

the activity of other known drugs such as metronidazole, abunidazole, 1a, and EU-11100, 1b.

Table. Antimicrobial activity and mutagenicity of compounds 1. Comparison with

abunidazole and EU-11100.

metronidazole,

Compound R3 RS mp (°C) MIC Mutagenicity?
(geometric mean)
(umol/l)

Metronidazole 1.46 +++

Abunidazole, 1a |H Bu 157-159 13.11 ++/ +++

EU-11100, 1b | ‘Bu MeO 28.20 --

lc 2-adamantyl H 154-157 3.84 --

1d H 1-adamantyl 192-195 2.43 --

le 1-adamantyl H 182-184 4.46 +

1f 2-adamantyl F 176-178 3.97 (+)

1g 2-adamantyl Cl 165-168 6.78 (+)

1h 2-adamantyl MeO 164-167 4.21 (+)

li H 2-adamantyl 173-175 1.80 --

1j cyclohexyl H foam 4.68 +

1k H cyclohexyl 168-170 8.82 (+)

& +, ++, +++ indicate different levels of mutagenicity in the Ames test!2: the number of revertant
colonies obtained increases 1.5-2, 5 and 10 times respectively; (+) low levels of mutagenicity could
possibly be related to the presence of > 0.01% of 2 in the tested sample; -- indicates no evidence of

mutagenicity.

In conclusion, compound 1i was the best antimicrobial candidate due to its superior activity and its lack of
mutagenicity. However, all in vivo data, i.e. low oral bioavailability (1.9 % for 11i) and the lack of efficacy in the
infection model used, !4 probably related to a high value of log P15, preclude the possibility of its systemic use.
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