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Abstract

Some new tetrazole derivatives were prepared by the reaction between the prepared azomethine compounds Is-1;, with
sodium azide in anhydrous tetrahydrofuran (THF) with a few drops of distilled water and under reflux conditions.
Azomethine compounds were prepared by thermal condensation reactions of aromatic aldehydes with primary aromatic
amines. The prepared compounds (tetrazole derivatives) were screened for their antibacterial activity (by disc diffusion
method). Compound I is the most active derivative that has recorded a significantly (p<0.01) stronger influence to in-
hibit the growth of Candida zeylanoides with an average zone of inhibition of 26.0 mm. Derivatives I, and I showed the
lowest zone of inhibition of 8.0 mm against Candida zeylanoides. This study may be helpful in designing more potential

anticandidal agents for therapeutic use in the future.

Keywords: Candida sp.; pharmaceutical; azomethine; sodium azide; biological activity.

1. Introduction

Azomethine compounds discovered by Hugo Schiff
in 1864, can be prepared by different methods, one of the
more important being the condensation reaction between
primary amine with aldehyde.! Azomethine compounds
contain the N=C group.? Some of the azomethine com-
pounds are used as antibacterial agents.>* The structure of
azomethine compounds usually includs a phenyl or aryl
group with the double bond between the carbon atom and
the nitrogen atom.>® (Scheme 1)

X
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R' and R"= Phenyl or aryl group

Scheme 1. Structure of azomethine compounds

The reaction of triazole diamine compound with
4-bromobenzaldehyde in the presence of glacial acetic
acid gave the next product.” (Scheme 2)

Tetrazole derivatives are heterocyclic compounds
containing four nitrogen atoms and one carbon atom
within one ring.® Tetrazoles as a group of heterocyclic
compounds appear in IR spectra as broad signals; having
peculiar biological activities.”!® Tetrazole derivatives
have a special structure and can display anti-bacterial
properties, such as antiviral and anti-allergic.!'~!3 There
are several methods to prepare tetrazole derivatives, and
each method depends on the constituents of the reac-
tion.!* Recently, there were many various types of com-
pounds (including such containing a metal centre coordi-
nated with suitable ligands) tested against Candida
albicans, with a varying degree of success.’>"” An exam-
ple of one of tetrazole derivatives is the product from the
reaction between azomethine compound (biphenyl bis
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Scheme 2. Using glacial acetic acid to prepare the azomethine compound
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Scheme 3. Use of sodium azide to prepare tetrazole derivatives

(1-(pyridin-4-yl) methanimine)) with sodium azide.'®
(Scheme 3)

Many of tetrazole derivatives can be prepared by the
reaction between a different aldehyde and different
amines.'? (Scheme 4)

In this study, tetrazole derivatives derived from the re-
action of the prepared azomethine compounds with sodium
azide were evaluated for their biological activity against four
types of Candida yeasts. The products were identified by
their melting points, FT-IR and 'H NMR spectra.

2. Experimental
2. 1. Apparatuses

The measurement of melting point was conducted by
the electrothermal melting point apparatus. IR spectra were
recorded at room temperature in the range of 400-4000
cm™! by a Fourier transform infra-red Spectrophotometer
Model Tensor 27 Bruker Co., Germany. The 'H NMR spec-
tra were recorded on Bruker Ac-300 MHz spectrometer.

Abs. ethanol

2 Ar—CHO + H,N—R—NH, ————>

refl.

- ©/ © » —(CHy)g— > —(CHy)y—

OH OH
LI

Scheme 4. Prepared tetrazole derivatives with double rings
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4-((R)-5-(pyridin-4-yl)-2,5-dihydro- 1 H-tetrazol-

(E)-5,5'-(ethane-1,2-diyl)bis(4-((E)-benzyl
ideneamino)-4H-1,2,4-triazole-3-thiol)

//N /N

NH HN N
H\/

Lo

1-y1)-4'-((S)-5-(pyridin-4-yl)-2,5-dihydro-
1 H-tetrazol-1-yl)-1,1'-biphenyl

2. 2. Preparation of Azomethine Compounds
L-I5

Azomethine compounds were prepared according
to the literature procedure,'®?° as shown in Table 1. An
equimolar mixture 0.02 mole of aldehydes and 0.02 mole
of amines and trace of acidic catalyst in 25 mL absolute
ethanol were reacted at reflux temperature for 4 hours,
whereby a crystalline solid separated out. The products
were filtered off and recrystallized from absolute etha-
nol.

2. 3. Preparation of Tetrazole Derivatives I-1,

A mixture of azomethine compounds (0.01 mol)
and sodium azide (0.01 mol) was dissolved in 20 mL of
THF and 2 mL distilled water and refluxed for 4 hour
and left to stand for 24 hour at room temperature, then
the solid product separated out.?! The products were fil-
tered off and recrystallized from absolute ethanol as
shwon in Table 2.

Ar—C=—=N—R—N=—=C—Ar
H H

D0(56-05) 'Y
ENBNT AHL

N_ /N\
N NH HN N
\ / \ /
Ar—C—N—R—N—C—Ar
H H
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Table 1. Names, structural formulae, symbol, yields, colors and melting points of azomethine compounds I;-I5

Nomenclature Structural formula Compound Yield % Color m.p. °C
H;C. N.
(E)-4,6-dimethyl-N-(4-nitro Cy&% @Nm Bright
benzylidene) pyrimidin-2-amine . C/N I, 78% pale 79-81
’ yellow
(E)-5-((2-(2,4-dinitro phenyl) O NO: OCH,
hydrazono)methyl)-2- - ol I, 80% Dark red 250-252
methoxyphenol n
(E)-1-(4-chlorobenzylidene) 0N NO, Cl
-2-(2,4-dinitro phenyl) . I; 82% Orange 236-238
hydrazine NS¢
H H
(E)-1-(4-bromobenzyl idene) ON NO, Br
-2-(2,4%—dinitr0 phenyl) NG I, 84% Orange 232-234
hydrazine N° g
(E)-4-((2-(2,4-dinitro phenyl) OENCC’Z OOH Bright
hydrazono) methyl)phenol NS I5 80% Dark red 240-242
H #
Table 2. Names, structural formulae, symbol, yields, colors and melting points of tetrazole derivatives Is;-I;,
Nomenclature Structural formula Compound Yield % Color m.p. °C
4,6-dimethyl-2-(5-(p-nitro .
phenyl)-4,5-dihydro-1H- fN N7 NH I 76% Brighttan  96-98
tetrazol-yl)pyrimidine HC N%N‘LQNOZ
N
5-((2,4-dinitrophenyl) N
amino)-4,5-dihydro-1H- OZNQHN‘\NAL@VOCH ; | 83% Red 276-279
tetrazol-yl-2-methoxy phenol
NO,
N
5-(p-chlorophenyl)-N-(2,4- N7 ONH
dinitrophenyl)-4,5-dihydro - OQNQHN~\N4L®70 Ig 78% Orange 256-258
1H-tetrazol-1-amine NO,
N
5-(p-bromophenyl)-N-(2,4- N7 NH
dinitrophenyl)-4,5-dihydro - OZNQ—W—\@& I, 78% Orange  260-262
1H-tetrazol-1-amine
NO,
N
4-(1-((2,4-dinitrophenyl) N7 NH
amino)-4,5-dihydro-1H- OZNQHN_\NJ—@OH Lo 92% Orange  272-274
tetrazol-yl) phenol o

2. 4. Activity against Candida Yeasts

This test was carried out in vitro to investigate the
inhibitory effects of the prepared tetrazole derivatives us-
ing well diffusion method on Muller-Hinton agar. This ex-
periment was done as mentioned by Owaid et al. with
some modifications.?? Four milligrams of the prepared
tetrazole derivatives were applied separately in 6 mm-well.
After 18 hour at 37 °C, the zone of inhibition was mea-
sured using the ruler in millimeters.

3. Results and Discussion

Tables 1 and 2 show structural formulae, names,
yields, melting points and color of all prepared compounds
I,-I,,. The best yield achieved for the prepared azome-
thine compounds was for compounds I 82% and I, 84%,
while the lowest yield was for compound I, 78% and the
best yield of the prepared tetrazole derivatives was for I,
92%, while the lowest yield was for Is 76%. The highest
melting point for azomethine compounds was for com-
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pound I, the lowest melting point was for compound I,
while the highest melting point of the prepared tetrazole
derivatives was for compound I, the lowest melting point
was for compound I4. The different colors and melting
points of the products compared with the raw material are
initial evidence of interaction.

3. 1. Azomethine Compounds I;-I;

Azomethine compounds were prepared from com-
mercially available aldehydes with primary amines and
identified by their melting points and FT-IR spectra. Table
3 shows the appearance of the stretching absorption bands
of the characteristic groups of the resulting group (C=N)
at 1609-1681cm™! beside the characteristic bands of the
residual groups in the structure, being indicative of the
formation of the products.??*3, 4, 9a- Tetrahydrobenzo
[e] [1,3] oxazepin- 5(5aH

Table 3. FT-IR of azomethine compounds I,-I5

The reaction involves a nucleophile attack of the
electron pair of the amino group (NH,) of aromatic amine
on the carbonyl group (C=0) of aromatic aldehydes to
form an N-substituted hemiaminal; in a suitable medium
it can eliminate a water molecule to give the stable com-
pound (azomethine).2°

3. 2. Tetrazole Derivatives I4-1,,

In this work, the preparation of tetrazole compounds
was achieved by the reaction between prepared azome-
thine compounds (I,-I5) with sodium azide. The resulting
products were identified using the melting points, FT-IR
and 'H NMR spectra. Table 4 shows characteristic stretch-
ing absorption bands at 1219-1286 cm™!, 1007-1083 cm™!
and 1487-1509 cm™! indicative of C-N, N-N and N=N
bonds of tetrazol rings beside the characteristic stretching
absorption bands of the residual groups in their structure.?”

FT-IR, v (cm™)

Compound C=N Cc=C C-H C-H Aliphatic Others
Aromatic Aromatic Alkene Asymmetric Symmetric
NO, 1529, 1340,
I, 1681 1601 3042 3105 2969 2849 C=N pyrimidine 1634
NO, 1500, 1328
I, 1609 1580 3042 3113 2972 2945 O-H 32491 NH 3278
NO, 1508, 1317
L 1609 1581 3041 3089 - - N_H 2283, C—Cl 823
NO, 1505, 1324
I, 1611 1581 3042 3087 - - N_H 3263
NO, 1508, 1305
I 1615 1592 3042 3112 - - 2

O-H 3422, N-H 3257

The general equation (Scheme 5) represents the main
reaction through which the prepared azomethine com-
pounds were obtained. The mechanism of azomethine
compounds formation was thoroughly studied and estab-

lished by many authors in the literature.?>2
Il . " Abs.EtOH | "
R-C—R + R'NH, > RR'C=NR
; H* Refl. 4hr.
R= H
CH; —NH
fN N02
R'=
e A

NO,
OH
R= , ,
OH
Cl Br

OCH;  NO,

Scheme 5. The main reaction of azomethine compounds

The 'H NMR spectrum of compound I, (Fig. 1, in
solvent DMSO-d,) showed the following signals: singlet at
§ 1.76 indicating the presence of 3H as o methoxy group
(OCHy), singlet at § 3.83 indicating the presence of 1H as
an NH group (NH outside of the tetrazole ring), singlet at
0 8.55 indicating the presence of 1H as another NH group
(NH inside of the tetrazole ring), singlet at 6 9.33 indicat-
ing the presence of 1H as one CH group (N-CH), singlet at
§ 11.56 indicating the presence of 1H as one hydroxy
group (OH), multiplet at § 8.96-6.99 indicating the pres-
ence of 6H of aromatic protons. 'H NMR spectrum of
compound Ig (Fig. 2) shows the following signals: singlet at
§ 3.33 indicating the presence of 1H as an NH group (NH
outside of the tetrazole ring), singlet at § 8.71 indicating
the presence of 1H as another NH group (NH inside of the
tetrazole ring), singlet at § 11.71 indicating the presence of
1H as one CH group (N-CH), multiplet and doublet of
doublet at § 8.41-7.56 indicating the presence of 7H of ar-
omatic protons.?” Other chemical shifts for compounds I,
Iy and I are given in Table 5.
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Table 4. FT-IR of tetrazole derivatives Is-I;,

FT-IRv (cm™)

Compound N-H N-N N=N C-N C=C C-H C-H Aliphatic Others
Aromatic  Aromatic Asymmetric  Symmetric
Ig 3383 1007 1500 1286 1606 3044 2976 2849 NO, 1541, 1345
I, 3280 1020 1509 1273 1614 3113 2972 2880 O-H b 3497
NO, 1540, 1339
NO, 1514, 1339
Ig 3266 1083 1489 1219 1615 3088 - - C-Cl1833
C-H 2951
NO, 1512, 1330
Iy 3299 1083 1487 1269 1585 3067 - - C-H 2950
O-H b 3423
NO, 1509, 1305
Io 3258 1074 1488 1276 1612 3113 - - C_H 2977

Table 5. The 'H NMR spectral data of tetrazole derivatives Ig-I,¢ (in DMSO-dg).

Compound Chemical Shifts § (ppm)

I Singlet at 1.28 (6H, 2 CHj), singlet at 8.68 (H, -NH), singlet at 10.19 (1H, N-CH), singlet at 9.77 (1H, -OH), singlet and doublet of
doublet at 8.43-8.08 (5H, aromatic protons).

I, Singlet at 1.76 (3H, O-CH3), singlet at 3.83 (1H, NH out), singlet at 8.55 (1H, NH in), singlet at 9.33 (1H, N-CH), singlet at 11.56
(1H, -OH), multiplet at 8.96-6.99 (6H, aromatic protons).

Ig Singlet at 3.33 (1H, NH outside of the tetrazole ring), singlet at 8.71 (1H, NH inside of the tetrazole ring), singlet at 11.71
(1H, N-CH), multiplet and doublet of doublet at 8.41-7.56 (7H, aromatic protons).

Iy Singlet at 3.26 (1H, NH outside of the tetrazole ring), singlet at 8.69 (1H, NH inside of the tetrazole ring), singlet at 11.71
(1H, N-CH), multiplet at 8.41-7.79 (7H, aromatic protons).

I Singlet at 3.40 (1H, NH out), singlet at 8.88 (1H, NH in), singlet at 10.07 (H, N-CH), singlet at 11.57 (1H, -OH), multiplet

and doublet of doublet at 8.59-6.85 fr (7H, aromatic protons).
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Figure 1. '"H NMR Spectrum of I,
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Figure 2. 'H NMR Spectrum of Iy

The reaction of the azomethine compounds with so-
dium azide is given in the equation in Scheme 6.

" R
s B R Tll
‘N THFor 14Dioxan  \~"\
NaNj & . R N
R™ "R 1,0, 4hr. N
Sodium azide Azomethine Tetrazol
= H
CH; —NH
NO,

R

@
R'=

NO,
OH
R = ] 2 ’
OH
Cl Br

OCH; NO,
Scheme 6. The main reaction of the prepared tetrazole derivatives

From the reaction course and the suggested mecha-
nism it may be concluded that the reaction takes place via
concerted mechanism (Huisgen 1,3-dipolar cycloaddi-
tion).8

3. 3. Activity against Candida Yeasts

Zone of inhibition of some human pathogenic yeasts
was determined by the well-diffusion method and used to

test the potential of the prepared tetrazole derivatives (I4-
I,o) as shown in Fig. 3 and 4. Compound I was found to
be the best derivative that has significantly (p<0.01) re-
corded a stronger influence to inhibit the growth of Candi-
da zeylanoides at an average of the zone of inhibition of
26.0 mm, followed by 24.6-25.6 mm for the rest of the spe-
cies of Candida. Next, Ig derivative recorded zone of inhi-
bition of 11.0 mm toward Candida guilliermondii. Fur-
thermore, I, and Iy showed the lowest zone of inhibition of
only 8.0 mm against Candida zeylanoides. Additionally, I
derivative recorded zone of inhibition of 11.3 mm against
Candida guilliermondii and Candida zeylanoides, respec-
tively. Compound I, did not inhibit the growth of Candi-
da species as shown in Fig. 3. Resistance mechanism de-
pends on which specific paths are inhibited by the drugs

25 I 1 uC alblca'ﬂs
£ : C. krusei
Ha # C. guilliermondii
é £ guilli dif
§ 2 %@ w C. zeylanoides
. B
= %
B
E15 §§
- e
@
S

B

%

I7 Io Ino
Derivatives of 4,5-dihydro-1H-tetrazol (4 mg/well)

-t
&

Figure 3. Zone of inhibition of Candida sp. using the prepared
tetrazole derivatives
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Candida albicans

%

2o
b
Y

Candida guilliermondii

19

Figure 4. Activity against Candida yeasts of the prepared tetrazole
derivatives Is-I;,

and if the alternative paths are available to substitute for
those paths that the compound has inhibited; in this way
the microorganism can modify its pathways and be able to
survive by developing resistence.?* These results agree
with some recent studies which described the synthesis of
hybrid heterocycles proving to have in vitro antimicrobial,
antibacterial and antifungal activities.

4. Conclusions

The results of FT-IR and '"H NMR showed that the
five-membered ring compounds were the least obstruct-
ed during all preparation processes and that neither light
nor humidity affect the prepared compounds, this prov-
ing that the prepared compounds have an excellent sta-
bility. I is the best derivative that has significantly (p <
0.01) recorded a stronger influence to inhibit the growth
of Candida zeylanoides at an average zone of inhibition
of 26.0 mm. This study may be helpful in designing more
potential anticandidal agents for therapeutic use in the
future.
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Povzetek

Z reakcijo natrijevega azida s predhodno pripravljenimi azometinskimi spojinami Is-I;¢ smo v brezvodnem
tetrahidrofuranu (THF) ob dodatku nekaj kapljic destilirane vode pod pogoji refluksa pripravili nekaj novih
derivatov tetrazola. Azometinske spojine smo sintetizirali s termi¢no kondenzacijo aromatskih aldehidov s
primarnimi aromatskimi amini. Pripravljenim spojinam (derivatom tetrazola) smo dolo¢ili antibakterijske
aktivnosti (z metodo difuzije v disku). Spojina I se je izkazala za najbolj aktivni derivat z visoko (p < 0.01)
povecanim vplivom zaviranja rasti organizma Candida zeylanoides (s povpre¢no vrednostjo premera in-
hibicije 26.0 mm). Derivata I, in I, pa sta izkazala najslabse inhibitorno delovanje s premerom inhibicije le
8.00 mm proti istemu organizmu (Candida zeylanoides). Ta studija bi lahko pomagala pri na¢rtovanju novih
bolj u¢inkovitih spojin proti kvasom iz rodu Candida, ki bi bile v prihodnosti celo uporabne v terapevtske
namene.
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