SYNTHESIS OF NEW 5-AMINOOROTIC ACID DERIVATIVES AS ANTIMICROBIAL AGENTS
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ABSTRACT: Reaction between 5-Aminoorotic acid and alkyl or aryl halides in dimethylformamide gave
esters and/or 1-alkyl substituted orotates depending upon experimental conditions. These compounds were
converted into the corresponding S-acylamino derivatives. The lattj,r derivatives were tested in Vitro against
gram+ and gram- bacteria. The great majority of them show significant growth inhibitory effects. Moreover,

some others are specific inhibitors for gram+ bacteria.

INTRODUCTION

The biosynthesis of nucleotides is managed by several enzymes including dihydroorotase and dihydroorotate
dehydrogenase which are involved in the synthesis of orotic acid from the carbamoyl aspartic acid, in

procaryotic cells.

With respect to this, we intended to prepare some compounds able to inhibit the biosyntheses concerned with

the aim to used them as antimicrobial agents.

RESULTS AND DISCUSSION

According to the literature, the S-aminoorotic acid 1 reacts with arylisothiocyanates (1), N-arylthioureas (1) or
aroyl halides (2) to give 5-acylamino derivatives, and reacts with alkylamines and/or arylamines to give the
2,4-disubstituted-5-amino-pyrimidine-4-carboxylic acid after conversion into the 2,4-dichloro-orotic acid.

In contrast alkylation, esterification and acylation at positions 1, 4 and S to give 1,4,5-substituted derivatives,

have never been investigated till now.
With the aim to prepare such compounds (scheme), a mixture of 1 and alkyl halide was heated in
dimethylformamide at 110°C in the presence of potassium carbonate. In doing that, S-amino-4-carboxylates

orotic acid esters 2 are isolated in good vyields as cristalline solids whilst the 1-alkyl-5-
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amino-4-carboxylates orotic acid esters 3 are obtained when the solution in dimethylformamide of 5-
aminoorotic acid 1 (or 5-amino-4-carboxylate-orotic acid ester 2) react with alkyl halide in the presence of
potassium carbonate and tetrabutylammonim bromide (TBAB) at 65°C. However, yields are rather poor in this
case. Added to this, it must be noted that methyl iodide, benzyl bromide and dialkylaminoalkyl chloride led
only to the ester 2 in working under the conditions mentioned above.

By the way, the S-acetylaminoorotic acid 4 is obtained in a rather good yield (75%) when 5-
aminoorotic acid 1 reacts with acetic anhydride in the presence of sodium acetate at 140°C for 30 minutes.

Finally, compounds 2 and 3 react with acyl halides (and monohaloacyl halides) in benzene at 100°C to
give respectively 5-acylamino substituted orotic acid derivatives 5 or the 1-alkyl-5-acylamino substituted ones

6.
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Scheme. General synthetic pathways

Antimicrobial activity of 5-acylaminoorotate derivatives was evaluated in vitro against gram negative and gram
positive bacteria namely, E. coli CIP 54127 and S. aureus CIP 53124.

Results are gathered in table I.

On the one hand, it must be noted that 4 and 5l are quite ineffective versus both strains whilst other derivatives
are good inhibitors of bacteria growth whatever the strain tested may be.

On the other hand, Sm, 5n, 6a, 6b are selective inhibitors for gram+ bacteria.

Thus, there are promising results in this series. However, water solubility of compounds must be optimized

before activity be evaluated in vivo.
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Table I. Antimicrobial activity of selected 5-acylaminoorotic acid derivatives at the 1mM concentration.

Compounds R R’ % of growth inhibition
E. coli CIP 54127 S. aureus CIP 53124
4 - - 0 2
5a CH, CH,Br 86 75
5b C,H; CH,Br 85 70
5S¢ CH, CH, 85 76
5i CH,, CH,Br 77 97
5k CH,, CH,Br 76 89
Sl CH, CH, 6 2
5m CH, CH,CI 5 97
5n CH, (CH)),Br 0 78
6a CH, CH,Br 13 99
6b CH,, CH,Br 0 99
EXPERIMENTAL

1- Chemistry

'H and "’C NMR spectra were recorded on a Brucker ARX200 spectrometer. Chemical shifts () are given with
reference to the TMS used as internal standard. Melting points were determined with a Buchi-Tottoli apparatus

and are given uncorrected. Elemental analyses agree within = 0.4% of the theoretical values. IR were recorded

on a FT57 Biorad spectrometer.

General procedures

S-amino-4-carboxylates orotic acid derivatives 2 :

Alkyl halide is added to a suspension of 5-aminoorotic acid (5.8 mmol) and potassium carbonate (5.8 mmol) in
dimethylformamide (15 ml). The mixture is heated at 110°C for 4-5h with stirring. After cooling, the mixture
is poured out into water. The precipitated is filtered off, washed with water and recrystallized from ethanol.

Compounds 2a and 2f are obtained according to the procedure described for compounds 3.

l-alkyl-5-amino-4-carboxylates orotic acid derivatives 3 :

The 5-aminoorotic acid (5.8 mmol) is dissolved in 100 ml of dimethylformamide at 110°C. After cooling, alkyl
halide (6 mmol), potassium carbonate (5.8 mmol) and TBAB (1.6 mmol) are added to the solution.
Stirring is continued for several hours at 65°C. After cooling, the mixture is filtered and the crude is separated
according to the following :

3a. The filtrate is poured into the chloroform and the precipitate is washed with ether before to be

recrystallized from ethanol.
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3b. The filtrate is poured into water. The precipitate is washed several times with water and
recrystallized from ethanol
S-acetylaminoorotic acid 4 :
Sodium acetate (0.2 g) is added to a suspension of S-amino orotic acid 1 (1 g ; 5.8 mmol) in acetic anhydride
(0.6 ml). The mixture is refluxed at 140°C for 30min before to be cooled. The precipitate is filtrated and just

washed with hot methanol.

S-acylamino-4-carboxylates orotic acid 5 :

The reagent is added in excess to a mixture of compound 2 (2 mmol) in benzene (50 ml). The mixture is heated
at 100°C with stirring for 48h.

After filtration, the residue is washed with ether, and recrystallized from ethanol.

1-alkyl-5-acylamino-4-carboxylates orotic acid derivatives 6 :

Monohaloacetic acid halide (4 mmol) is added to a-solution of 3 (2 mmol) in benzene (25 ml). Mixture is
heated at 100°C for 3h. Solvent is evaporated to dryness and the residue is washed with water before to be

recrystallized from ethanol. .

2- Biology

At first, compounds were dissolved in pure DMSO at 100mM concentration. Solutions were then diluted at
1/50 with sterile distilled water. Assays were achieved with these aqueous dimethylsulfoxide solutions at 2mM
drug concentration while a 2% DMSO-water mixture was used as control.

After 48 hours of incubation, at 37°C, absorbances were measured at A = 623nm and the percent of growth
inhibition was expressed as :

OD(control) - OD(assay)
x100

OD(control)
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(4) °C NMR chemical shits for 2e (CDCL) are : 162.25 (COO) ; 160.66 (C-6) ; 147.34 (C-2) ; 129.67 (C-5) ;
108.62 (C-4) ; 66.55 (OCH,) ; 25.61 (OCH,CH,) ; 31.42 (OCH,CH,) ; 28.64 (CH,) ; 25.61 (CH,) ; 22.56
(OCH,CH,CH,) ; 14.01 (CH,)

(5) °C NMR chemical shifts for 3a (DMSO-d,) are : 162.74 (COO) ; 160.28 (C-6) ; 147.65 (C-2) ; 129.23 (C-
5); 107.22 (C-4) ; 66.75 (OCH,) ; 42.22 (NCH,) ; 21.46 (OCH,CH, ); 20.52 (NCH,CH,) ; 11.26 (CH,) ;
10.44 (CH,)

(6) IR spectroscopic bands for Sk are : 3279cm™ (NH) ; 3225cm™ (NH) ; 3171cm™ (NH) ; 1732cm™ (carbonyl
ester) ; 1730-1643cm™ (carbonyl groups and C =C,), and "C NMR chemical shifts (DMSO-d,) are : 165.32
(COCH,Br) ; 161.54 (COO) ; 160.70 (C-6) ; 149.39 (C-2) ; 136.05 (C-5) ; 110.44 (C-4) ; 66.18 (OCH) ;
31.00 (CH,) ; 28.97 (COCH,) ; 27.80 (CH,) ; 25.017 (CH,) ; 22.083 (CH,) ; 14.01 (CH,)

(7) °C NMR chemical shifts for 6a (DMSO-d,) are : 165.42 (COCH,Br) ; 160.68 (COO) ; 160.59 (C-6) ;
149.30 (C-2) ; 134.74 (C-5) ; 109.83 (C-4) ; 67.64 (OCH,) ; 42.21 (NCH,); 28.93 (COCH,Br) ; 21.30
(OCH,CH,) ; 20.37 (NCH,CH,) ; 11.28 (OCH,CH,CH,) ; 10.31 (NCH,CH,CH,)
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