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Antifungal activity in vitro of some imidazo[l,2-alpyrimidine derivatives 

Y Rivall, G Grassyl, A Taudou2, R Ecalle2 

‘Dipartement de Chimie Pharmaceutique; 
2Lahoratoire de Zoologie et de Parasitologic, 31, alleles J Guesde, 31400 Toulouse, France 

(Received 18 May 1989; accepted 6 February 1990) 

Summary - In regard to fungicidal activity of imidazole ring found in chemical compounds such as econazole, a series of 42 diver- 
sely substituted imidazo[l ,2-alpyrimidines was synthetized and examined for its antifungal activity in several species. 

R&urn6 - Activitk antifongique in vitro de quelques d&k% de I’imidazo[l,2-alpyrimidine. Une se’rie de 42 imidazo[l,2-a]- 
pyrimidines a e’tP’ synthe’tise’e en we d’examiner son ac.tivit& antifongique sur diffkrentes souches de champignons pathogtkes pour 
l’homme. 
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Introduction 

Recently we have reported on the variation in the anti- 
bacterial activity of diversely substituted imidazo[ 1,2- 
alpyrimidines [ 11. Moreover, several compounds such 
as econazole, characterized by the presence of an 
imidazole ring, show good antifungal properties. This 
paper deals with the synthesis and the antifungal ac- 
tivity of 42 substituted imidazo[ 1,2-a] pyrimidines. 

Chemistry 

Imidazo[ 1,2-alpyrimidines were synthetized accord- 
ing to Tschitschibabin [2] by condensation of an 
aminopyrimidine with the appropriate a-bromoketone 
[3-171. 

+ BrCH+R, 

0 (Y.40.) 

The 3-nitroso derivatives were obtained by direct 
nitrosation of the condensation compound using 
sodium nitrite in acetic acid [ 19-241. 

NaNO, 
~ 

CH,COOH 

The 3-nitro imidazo[ 1,2-alpyrimidines were pre- 
pared either by direct nitration with a mixture of fu- 
ming nitric acid and sulfuric acid [25] or by nitric oxi- 
dation of the corresponding 3-nitroso compounds [ 11. 

“HO) 
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The 3-bromo imidazo[ 1,2-alpyrimidines were pre- 
pared using N-bromosuccinimide in Ccl, solution 
[l-26]. 
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Table I. Imidazo[l,2-alpyrimidines tested. The proton chemical shifts of compounds 142 are given. It was 
found that J,d = 4.4 Hz, Jc7 = 6.6 Hz and J5-, = 2 Hz. 

CHlphayl ,. 7.42.7.9, 
6K)-7.(vWCHs=6%(MI 

, _ 

CHl”““v’ ,- 7.72: 6.7 
cm I Q.%kLTl 

sl4W-W , -  7.6. 6.6 

*New imidazo[ 1,2-alpyrimidines synthetized. 
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Table II. New imidazo[ 1 ,Za]pyrimidines synthetized. 
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The 3-amino derivatives were obtained either by 
reduction of the 3-nitro imidazo[ 1,2-a] pyrimidines 
through a mixture Sn/HX [27], either by reduction of 
the 3-nitroso derivative using Zn/CH,COOH [28] or 
Sn/HX [29], or hydrogenation over Raney Ni. 

The 5,6,7,8-tetrahydro derivative was prepared by 
hydrogenation over Adam’s catalyst [30]. 

“2 
- 
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All the compounds are listed in table I and specially 
the new compounds in table II. 

Biological evaluation 

All compounds have been tested in vitro for anti- 
fungal activity in the strains listed in table III. Tests 
on fungi were carried out according to the agar dilu- 
tion method (with serial 2-fold dilution). The com- 
pounds were dissolved in DMSO (dimethyl-sulfoxide) 
at concentrations of 5 mg/ml and subsequently diluted 
in distilled water. From these solutions, 0.5 ml were 
transferred into Petri dishes containing 4.5 ml of test 
medium. The antifungal activity of DMSO towards 
fungi strains at this concentration is negligible. 

The MICs were determined in Casitone Difco 
medium for Candida albicans A, Aspergillus niger, 
Aspergillus fumigatus and Filobasidiella neoformans. 
The Sabouraud agar was only used for Arthroderma 
benhamiae. 

Table III. Fungi strains. 

Strain Abbreviation Medium 

Candida albicans A 

Aspergillus niger 
Aspergillus fumigatus 
Filobasidiella neoformans 
Arthroderma benhamiae 

Ca 

An 

Af 

Fn 

Ab 

Casitone 

Casitone 

Casitone 

Casitone 

Sabouraud agar 
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Each fungus was tested with a dilution of 2-5-d-old 
broth culture containing approximately 105 cells/ml 
(ie 95 105 CFU/ml). After 48 h of incubation at 37°C 
for all fungi except Arthroderma benhamiae, the 
minimum inhibitory concentration (MIC) in yg/ml 
was determined. An incubation of 7 days is necessary 
for determining MIC with Arthroderma benhamiae 
(see table IV). 

Results and discussion 

Of all the compounds synthetized, 16 were inactive, 13 
were weakly active and 13 showed antifungal properties. 

Table IV, Active compounds (Rb = R, = H) MIC values 
@g/ml) in relation to the different strains. See abbreviations in 
table III. 

Ca An 
M/C 
A/ Fn Ab 

121 121 121 

NO 14 7 29 

121 / 

29 57 

NO 65 6 33 65 65 

NO 2 2 2 17 66 

NO 5 1 10 19 76 

NO 15 15 31 62 124 

30 6 6 

NO 6 4 

2 

2 

4 

I 

121 

4 

4 

10 

9 

132 

121 

61 61 

130 130 

34 60 

1s 70 

136 136 

I 132 

I 121 

The activities of these latter compounds against 5 fungi 
strains (table III) are reported in table IV. 

The substituent in position 3 plays a crucial role in 
that only nitroso substitution in this position led to active 
compounds. A hydrogen atom (compounds 1, 2, 4-13, 
15 and 16 ; table I), a bromine (compounds 39, 40) an 
amino group (compounds 36-38) a nitro group (com- 
pounds 31-35) in this position systematically induced 
inactivity. An aryl group in position 2 is favorable 
(compare 1-12 with 13). No clear-cut conclusions can be 
drawn about substituent effects on the aromatic ring in 
position 2. 

The unsubstituted ring, compound 2, showed compar- 
able activities with para or meta substituted derivatives 
(compare 2 with 4, 5 and 10). From the only available 
electrodonating substituent in compound 7, it seems that 
electrodonating substituents are rather detrimental. 

Concerning the MIC values, potency ranged from 
844 pmol/l or 2-14 pg/ml for Ca, 4-64 l.tmol/l or 1-15 
l,tg/ml for An and 8-32 or 2-9 yg/ml for Af. These 
values are favorably situated in comparison to that found 
for the reference compounds. Thus, the compounds 19, 
20, 23, 25, 26, 30 showed antifungal activities towards 
Ca which were slightly superior to econazole. 

Except for compounds 14, 21, 34 and 31, all other 
compounds showed better antifungal activities than 
amphotericin B (reference compound) towards An. 
Compound 19 only showed the same antifungal activity 
toward Fn as the reference compound flucytosine. 

Table V. Reference compounds. 

Strain Reference MIC MIC mw 
compound (pghl) (pollml) 

Candida 
albicans A Ca 

Aspergillus 
niger An 

Aspergillus 
jiimigatus Af 

Filobasidiella 
noeformans Fn 

Arthroderma 
benhamiae Ab 

Econazole 12 31.5 381 
Amphotericine B 1 1 924 

Econazole 6 15.7 381 
Amphotericine B 10 10.8 924 

Econazole 
2 

7.8 381 
Amphotericine B 2.2 924 
Econazole 3 7.8 381 
Flucytosine 10 77.5 129 

Econazole 6 15.7 381 
Griseofulvine 25 70.8 252.8 

Experimental protocols 

Melting points were determined on a Kofler apparatus and were 
uncorrected. IR spectra were measured on a Perkin-Elmer 983 G 
spectrometer and NMR tH spectra were determined on a Bruker 
WM 250 (250 MHz). Microanalyses are indicated only by 
symbols of the elements analyzed ; the results obtained had a 
maximum deviation of 0.4% from the theoretical value. 
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Preparation of imidazo[l,2-alpyrimidines 

Unsuhstituted in 2-position 
2-amino pyrimidine (0.5 mol) was dissolved in 50% hydro-alco- 
holic solution in presence of sodium hydrogenocarbonate 
(0.6 mol). To this mixture, a water solution (40%) of chloroacetal- 
dehyde (1 mol) was added slowly under nitrogen with vigorous 
stirring and was refluxed for 48 h. After this period, the reaction 
mixture was cooled, concentration in vacua, poured into water and 
extracted with hot chloroform. The organic layer was dried 
(M&O,) and evauorated in vacua. Pure imidazo11.2-alnvrimidine 
wag obtained after chromatography on a silica gel column (eluent : 
ethylacetate). 

Substituted in 2-position 
A solution of 2-amino pyrimidine (0.02 mol) in dry DME (1,2- 
dimethoxyethane) was slowly added to a mixture of bromoketone 
(0.5 mol) in DME. The reaction mixture was refluxed for 48 h. 
After cooling the solution was filtered. The solid was dissolved in 
water, alkalinized and added to the alkalinized filtrate. The 
aqueous phase was extracted with chloroform. The solvent was 
dried and evaporated in vacua. The compounds were obtained 
after chromatography on a silica gel column (eluent:ethylacetate). 

Preparation of the 3-nitroso imidazo[lJa]pyrimidines 

A saturated sodium nitrite solution was added under stirring to 
imidazo[l,2-alpyrimidine or derivative (0.01 mol) in acetic acid 
(40 ml). A green solid was obtained, which was filtered and recris- 
tallized in methanol or purified by chromatography on a silica gel 
column (eluent : ethylacetate-methanol, 90/10). 

Preparation of the 3-nitro imidazo[l,2-alpyrimidines 

Method A 
Azaindolizine (0.01 mol) was added to an ice-cooled sulfuric acid 
(1.5 ems). The solution thus obtained was stirred and cooled. 
Fuming nitric acid (0.02 mol ; d = 1.52) was added slowly. After 
30 min, the reaction mixture was allowed to reach room tempera- 
ture and was stirred for 2 h. The mixture was poured into water 
and the yellow solid was filtered and dissolved in chloroform. The 
solid was purified by chromatography on a short silica gel column 
(eluent: ethylacetate). 

Method B 
3-Nitroso imidazo[ 1,2-alpyrimidine (0.02 mol) were dissolved in 
fuming nitric acid (30 ml). This mixture was slightly heated for 
2 h at 60°C. After cooling, the solution was poured into ice-water 
mixture : the yellow solid obtained was also filtered and the filtrate 
was alkalinized and extracted with hot chloroform. After remov- 
ing the solvent, pure compound was obtained by chromatography 
on silica gel column (eluent: ethylacetate). 

Preparation of 3-halogen0 imidazo[l,2-alpyrimidines 

An equimolar mixture of azaindolizine and NBS (N-bromosucci- 
nimide) was refluxed for 12 h in chloroform. After removing the 
solvent, the solid was purified by silica gel column chromatogra- 
phy (eluent: ethylacetate-methanol, 75/25). 

Preparation of 3-amino imidazo[l,2-alpyrimidines 

Method A 
3-Nitroso derivative (1 g) was quickly added to a mixture of tin 
powder (2 g) and concentrated hydracid (30 ml). The solution was 

stirred for 2 h at 20°C. The reaction mixture was filtered, alkalini- 
zed (pH = 9) and extracted with chloroform. After remov-ing the 
solvent, the residue was recristallized in absolute ethanol. 

Method B 
3-Nitroso derivative (1 g) was added to a mixture of granular zinc 
(2 g) in acetic acid-ethanol (15/15). The reaction mixture was stir- 
red for 2 h at room temperature. After filtering, the solution was 
alkalinized and extracted with hot chloroform. The solvent was 
removed and the residue was purified by silica gel column chro- 
matography (eluent: ethanol). 

Method C 
The 3nitroso compound (1 g) was dissolved in methanol and 
Ranev Ni (4 a) was added. Hvdroeenation under atmosnheric 
pressure was c&ied out. After fihering, methanol was evaporated 
under inert gas. Amine was chromatographed on silica gel column 
with ethanol eluent. 

Reduction of the pyrimidine ring 

Imidazo[ 1,2-alpyrimidine (0.025 mol) was dissolved in absolute 
ethanol (250 ml) and PtO, catalyst (1 g) was added so that concen- 
trated hydrochloric acid (20 ml) and then Argon was bubbled. The 
mixture was hydrogenated under atmospheric pressure with stir- 
ring. The solution was filtered, the solvent removed; the residue 
was dissolved in water and the mixture was alkalinized, then 
extracted with hot chloroform. A purification by chromatography 
of silica gel column was used (eluent: ethylacetate). 
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