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ABSTRACT

A general, simple and straight forward approachsyonmetric substituted aldazines derivatives
via condensation reaction of aromatic aldehydes amthmonia precursors has been
demonstrated successfully under mild reaction damts. Their qualitative antimicrobial
activities have been previously evaluated agaisbacterial and 3 fungal species. We have
reported the design and calculated molecular prtipsrof some aldazines derivatives on the
basis of hypothetical antibacterial pharmacophoiite,sstructures which were designed to
interact with both of Gram positive and Gram negatbacteria. A correlation of structure and
activities relationship of these compounds withpees to molecular modeling, Lipinski rule of
five, drug likeness, toxicity profiles and othelgpico-chemical properties of drugs are described
and verified experimentally.

Keywords: Symmetrical Acyclic Aryl Aldazines, POM virtual s®ning, Docking,
Antibacterial/ Antifungal Activity.

INTRODUCTION

Azines moiety is a four-membered group containimi-eonjugated (C = N-N = C) fragment. It
has been the focus of medicinal chemists over #st {@n decades because of the outstanding
pharmacological properties shown by several ofd#sivatives [1], e.g., Ketazines, mixed
azines, etc. D. Kolbah and D. Kokiav (1967), then S. Dayagi and Y. Degani (1970)alisced
Azines [2,3]. Owing to their promising antitumar-9], antibacterial [10-17], anti-inflammatory
[18], antimalarial dyes [19], anticonvulsant adirg [20,21], unsymmetrical aldazines have
shown antitumor [22], antibacterial [23,24] andiexidant [25] activity. Symmetrical 4-bromo
benzaldazine has evaluated as anticonvulsant dgegrghown very low activity [26]. Similar
monosubstituted benzaldazines have been testdbbsteac modulators [27] and has found that
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2-fluoro and 3-fluoro compounds possessed pos#otity, while 4-fluoro, 3-chloro, 3- and 4-
methoxy, and 3-hydroxy analogues were not actiezeRtly, a series of unsymmetrical and two
examples of symmetrical 3-indolyl aldazines haverbstudied and have found to exhibit
antioxidant [25] and antibacterial [24] activityhd latter presents, to the best of our knowledge,
the only record in the literature on the evaluatainantibacterial and antifungal activity of
symmetrical aryl aldazines.

We present here the results of our virtual scregnivestigation into possible alternative
structures for these compounds. A comparison betwgperiment and theoretical predictions of
the antibacterial activity has enabled us to idgrditernative combined pharmacophore sites
structures. The nature of pharmacophore site asgighof the aldazine compounds was based
on their POM analyses.

RESULTS AND DISCUSSION

2.1. Chemistry
The titled aldazines have been previously obtalmethe classical protocol from aldehydes and

hydrazine sulphate in ethanol [1], as shown on Sehe.
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Scheme 1. General synthesis of symmetrical aryl adines 1-22.[1]

2.2. Pharmacology

The results of antibacterial and antifungal scregrof the compound$-22 demonstrated that
the bi- and polycyclic aromatics studied are rerabhk more active than benzaldazines. The
latter possess antibacterial activities only, whigdre dramatically reduced by the introduction
of substituents. The tests showed that the a@svitire strongly dependent on the type and
position of the substituents and that the effectswntibacterial and antifungal activities are the
opposite. 2-Naphtaldazine was significantly moretivac than its position isomer 1-
naphthaldazine against Saccharomyces cerevisiad’anidillium chrysogenum, whereas both
compounds possess commensurable activities tow@edglida tropicalis and the bacterial
strains. From the other side, the presence of 4elxydsubstituent in 1-naphthaldazine reduced
the antibacterial and increased the antifungalviiess, while the influence of 2-hydroxy group
led to reversed results (Tables 1 & 2).

Table 1. Aldazines with antibacterial activity; zore of inhibitiona in mm [1]

o B‘acﬂ_{l_i.: B_ﬂcfi'n'i.': Bacilfus Bc_:c'r'!_l:fs Bacillus .i;frrcmb. Staph. Sarcina Microc. E coli
subrilis idosis magar nvcoides CETENT Jjohnsi. aurels luten Iuteus

1t 20 2 20 18 17 24 18 20 19 30
2* 10 12 17 13 26 17 17 17 16 20
13 - 15 14 16 17 - 12 14 15 25
T 19 18 20 11 2 18 21 it 21 4
15 13 19 12 18 16 16 14 14 14 25
16° 17 26 24 19 5 27 15 5 22 25
17 11 12 11 10 12 11 13 11 12 12
18 20 23 21 i6 20 25 22 23 23 30
19° 15 1 20 i3 19 17 17 18 20 37
2F 22 25 25 14 22 26 23 20 23 23
. 15 12 14 15 19 13 2 18 21 i3

Ref 154 35 30 30 35 30 30 32 27 30 35

Ref 2% 30 33 38 32 29 39 35 34 38 )|

*DMS0 solutions with different concentrations; indicated for each compound: ®23 mg/ml; *12.5 mg/ml; %20 me/ml; *Swepronyein; Gentamyein.
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Surprisingly but interestingly, we observed thaside the benzaldazine seridsl3 the
unsubstituted compouridexhibited good activities, while the introductiohsubstituents (OH,
Cl, F, NMe)in the phenyl ring led to loss of antibacteridity in general.

A comparison between the active compounds (TablshBws that inside the naphthaldazine
series, 2-naphtal- dazirds is remarkably more active than its position isorheraphthaldazine
14 againstSaccharomycescer- evisiaad Penicillium chrysogenumwhile both com-pounds
possess the same activity towaf@isndida tropicalis From the other side, the position of the
hydroxy substituent in 1-naphthaldazine displaye\gersed effect in respect to antibacterial
tests. The presence of a 4-hydroxyl substitugatys 15, led to slight increase of the activity
towards the yeast strains tested and reduced tgcaigainst the fungal strain, while 2-hydroxy
derivativel6 was not active in general.

Table 2. Aldazines with antifungal activity [1]; zane of inhibittion® in mm

. Candida Saccharomyces Penicillium
Compound S I ]
wropicalis CErEVISIae chrysogentm
14° 20 18 18
15° 24 23 15
13 20 30 3
20 21 23 20
Fluconazol® 33 - .
Irraconazole® 2 30 -

*DMSO solutions with different concentrations; mdicated for each com-
pound: bl mg/ml; “12.5 meg/ml.

3. Virtual screenings and molecular properties calglations

3.1. Molecular properties calculations

For aldazine5 and certainly for its analogue&-{3 and (19-20, depending on the pH and
position of the dissociate alcohol hydrogen atomm possible aldazine principal conformations
can be described for the neutral forms. These aekestructures are sketched in Figure 1.

0] (n (1
Figure 1. Possible tautomeric structures (I-11l) d aldazine compound 5.

In past, attention was mainly devoted to @&jE-conformer structure. However, from a chemical
point of view, the second structure is possible. the development of binding approaches for
aldazine and its analogues 13 and (9-20 in the environment, the identification of theiaet

60

Scholars Research Library



Taibi Ben Haddaet al J. Comput. Method. Mol. Design., 2011, 1 (3):57-68

aldazine structures present is important. Neitkpeemental nor theoretical data is available for
the identification of water-solved aldazine speciBiseoretically, NMR spectroscopy could be

useful for identifying chemical structures. Thear&t ab initio studies could supplement these
measurements. Additionally, calculations of eneacgetatomic charges, minimum energy

structures, geometry, and natural bond orbital (NBOuld indicate the electronic density

distribution of each atom. Finally, by taking NB@sults showing the presence of (N-H --- O)
and (N --- H-0O) bridge in consideration, realistiewis structures can be determined. These
systematic data, regarding the variation of mol@cploperties, are important for the chemical
structure and could therefore provide first insggimto the still poorly understood chemical

bonding of aldazine complexes to bio-targets.

In brief, the objective of this study is to invegtie the potential pharmacophore sites of aldazine
species using antibacterial and antifungal scrgmsnilependence on pH and comparison with the
calculated molecular properties. To verify theseicttres, further Petra/Osiris/Molinspiration
(POM) analyses were carried out for example calmraof net atomic charges, bond polarity,
atomic valence, electron delocalization and lipojfi Finally, to investigate the combined
antibacterial/antifungal bioactivity of the aldagispecies, tautomeric structure were performed.

Current thinking in the generation of specific dfagds embodies the concept of achieving high
molecular diversity within the boundaries of reasue drug-like properties [28]. Natural and
semi-natural products, examples Streptomycin, Geydtan, Fluconazol and Itraconazole have
high chemical diversity, biochemical specificitydaather molecular properties that make them
favorable as lead and standard references (SRwtes for drug discovery, and which serve to
differentiate them from libraries of synthetic antbmbinatorial compounds. Various
investigators have used computational methods tenstand differences between natural
products and other sources of drug leads [29]. Modeug discovery is based in large part on
high throughput screening of small molecules agaimacromolecular disease targets requiring
that molecular screening libraries contain drug-lde lead-like compounds. We have analyzed
known standard references (SR) for drug-like ard-ike properties. With this information in
hand, we will be able to establish a strategy wigrespecific drug-like or lead-like aldazine—(
22).

3.2. Petra Calculations

PETRA is a program package comprising various aogbiimethods for the calculation of
physicochemical properties in organic molecules.nd¢thods are empirical in nature and have
been developed over the last 20 years in the &semoup of Prof. J. Gasteigdihe following
chemical effects can be quantified: heats of formmatbond dissociation energies, sigma charge
distribution, Techarge distribution, inductive effect, resonanffeat and delocalization energies
and polarizability effect. We previously testedttacby fator and seen that the delocalised-
charge has a direct and crucial impact on natudeefiiciency of the candidate pharmacophore
site [30-50].

The seried-22 of symmetrical acyclic aryl aldazines have bednjextted to delocalised-charge
calculations using Petra method of the non-hydrogenmon atoms (Figure 1), obtained from

the partial pi-charge of the heteroatoms, have lised to model the bioactivity agaitsicteria
We give here, as example, the compoumndrd16.
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HzB

Figure 2. Crystalline structure of compound 5, showng the two strongly closed six-pseudo-member-
cyclohexa-ring as weak antibacterial pharmacophorsites (OH" --- N%) with distance dhy..y = 2.645A and
dihedral angle (O1-C2-C1-N) = 0.14 degree.

It is found that the negative charges of the n#rogtoms of aldazine group and the partial
positive charge of hydrogen atom of arm 2-OH cbuite positively in favour of an antibacterial

activity, more, and this is in good agreement wite mode of antbacterial action of the
compounds bearing €X--- Y*) pharmacophore(s) site(s). [30-50]

It was hypothesized that difference in charges betwtwo heteroatoms of the same
pharmacophore site {X--- Y®) may facilitate the inhibition of bacteria, moten viruses and
fungous. It is further found that the activity irases with increase in negative charge of one
heteroatom of the common pharmacophore fragmenthefcompounds5( and 16). This
synergistic and streamlined working procedure ledhighly active isomeric/ tautomeric
Gram(+/-)receptor ligands. On the basis of thid@nee system described above, in compound
5, sets of isomeric and tautomeric aldazine denrreatil-Ill could be generated in-situ in the
presence of bacteria or fungi.

This synergistic and streamlined working procediec to highly active isomeric/tautomeric
Gram(+/-) and fungi receptor ligands. However, tielidifference in their respective binding

affinities was consistently found for all isomepairs I-lll. The analysis of conformational
differences due to heteroatom interactions in taets |-1ll revealed a strong favorable (OH/N)
or (NH/O) interaction in tautomers I-1ll, wheredeete is no other aldazine showed a repulsive
interaction.

So the antifungal activity is related with possildecondary electronic interaction with the
positively charged side chains of the virus tagetittempt was made to evaluate steric and
indicator parameters which emerged as importantriboiors from previous pharmacologic
analysis. The present results support the prevadoservations that phenolic ring in adjacent
position of imine C=N could generate two tautoméoiens, in less and two distinct closed five-
member pharmacophore sites are conducive to thadbwity to both antibacterial (OH/N) and
antifungal activity (O/N).

3.3. Osiris Calculations
Structure based design is now fairly routine bunynpotential drugs fail to reach the clinic
because of ADME-Tox liabilities. One very importasiass of enzymes, responsible for many
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ADMET problems, is the cytochromes P450. Inhibitiohthese or production of unwanted
metabolites can result in many adverse drug raastio

Table 3. Osiris calculations of aldazines compoundis-22 and references

Substituents Osiris calculatioffs Toxicity Risks!™

Compd.
Ar MW CLP S bL DS MUT TUM IRRI REP
1 Ph 208 444 413 159 053 | I o
2 4-OH-GH, 240 384 354 173 o072 [ o o
3 3-OH-GeHa 240 384 354 165 072 | o o o
4 2-OH-GH, 240 384 354 135 o7 [ o o
5 3-OMe-2-OH-GH; 300 363 358 03 o061 [ L0 0
6 4-NMe,-CgH,4 204 444 42 08 034 0 B 1
7 4-Cl-CgH, 276 567 56 281 043 [ o o
8 3-Cl-CeHq 276 567 56 157 04 | o o o
9 2-Cl-CgH, 276 567 56 214 042 [ o o
10 2,6-Cb-CqH3 344 689 -708 28 028 [ o o
11 2,4-Ch-CeH3 344 689 -708 305 029 [ o o
12 2-Cl-4-F-GgHs, 312 578 623 055 031 [ o o
13 3-F-GsH, 244 456 476 -099 031 O o o |
14 1-naphthyl 308 68 734 097 02 | BN o o
15 4-OH-1-naphthyl 390 621 -675 o008 o012 Ml | 0
16 2-OH-1-naphthyl 340 621 675 -171 o012 | | B
17 4-OH-3-R-1-naphthyl 510 498 696 294 015 [l | 0
18 2-naphthyl 308 68 734 -077 o016 | I B
19 4-Ph-GH, 360 78 83 131 023 [ 0 o
20 2-fluoryl 244 456 476 027 o048 | o o o
21 9-phenanthryl 408 017 -1056 164 012 [l N T
22 1-pyrenyl 456 1054 -13.04 159 o019 [ o o o
AMP 349 004 -157 107 o091 | o o o
STREPY e 581 -7.83 096 083 043 [ | 0 0

@]

I CLP: cLogP, S: Solubility, DL: Druglikness, DS: iy-Score™ MUT: mutagenic; TUM
irritant; REP: reproductive effectivl! AMP: Ampicillin; STREP: Streptomycin.

: tumorigenic; IRRI:

With our recent publications of the drug design boration of various pharmacophore sites by
using spiro-heterocyclic and sulfonamide structuiteis now possible to predict activity and /or
inhibition with increasing success in two targdtagteria and HIV) [40] or (bacteria and fungus)
[48]. This was done using a combined electronig¢stire docking procedure and an example
will be given here. The remarkably well behaved agenicity of divers synthetic molecules
classified in data base of CELERON Compagny of Swaan be used to quantify the role played
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by various organic groups in promoting or interfgriwith the way a drug can associate with
DNA.

Prediction results are valued and color coded. éttims with high risks of undesired effects like
mutagenicity or a poor intestinal absorption arevatn in red. Whereas a green color indicates
drug-conform behavior.

Table 4. Molinspiration calculations of compounds 422

Physico-Chemical Properties Calculatidhs Drug-likenes$”
Compd. . 0gp  TPSA  ONI  Volume NV GPCRL ICM Kl NRL

1 3.21 25 0 202 0 035  -052 -0.64 -0.61

2 2.25 65 2 218 0 023  -041 -047 -0.18

3 2.20 65 2 218 0 023  -042 -048 -0.17

4 3.09 65 2 218 0 024  -056 -0.62 -0.27

5 2.29 84 2 269 0 034  -051 -049 -0.28

6 3.41 31 0 294 0 020  -040 -0.35 -0.17

7 4.56 25 0 229 0 027  -044 -051 -0.52

8 4.52 25 0 229 0 026  -044 -054 -0.55

9 4.47 25 0 229 0 034  -054 -0.62 -0.46
10 5.73 25 0 256 1 027  -044 -048 -0.45
11 5.78 25 0 256 1 030  -047 -053 -0.53
12 4.75 25 0 239 0 035  -041 -0.39 -0.20
13 3.49 25 0 212 0 017  -0.36 -0.39 -0.34
14 5.53 25 0 290 1 0.09  -044 -040 -0.27
15 4.99 65 2 306 0 0.07  -0.38 -0.32 -0.23
16 5.41 65 2 306 1 020  -041 -0.36 -0.16
17 4.75 90 2 462 1 011  -0.72 -041 -0.34
18 5.58 25 0 290 1 021  -0.38 -0.36 -0.22
19 6.80 25 0 345 1 015  -027 -0.26 -0.13
20 3.44 25 0 212 0 021  -043 -046 -0.43
21 7.80 25 0 378 1 009  -0.38 -0.31 -0.20
22 8.69 25 0 411 1 0.08 -058 -0.28 -0.28
AMP [ -0.87 113 4 299 0 -0.56 055 -0.90 -0.87
STREPU -5.35 336 16 497 3 067  -1.15 076 -1.11

BITPSA: Total Polar Surface Area; ONI: OH-NH Intettfan; NV: Number of Violation™ GPCRL: GPCR ligand;
ICM: lon Channel Modulator; KI: Kinase Inhibitor;RL: Nuclear Receptor Ligané! AMP: Ampicillin; STREP:
Streptomycin.

3.4. Molinspiration Calculations
CLogP (octanol/water partition coefficient) is adkted by the methodology developed by
Molinspiration as a sum of fragment-based contridng and correction factors (Table 4).
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The method is very robust and is able to proceastipally all organic, and most organometallic
molecules. Molecular Polar Surface Area TPSA isculated based on the methodology
published by Ertl et al. [51] as a sum of fragmeantributions. O- and N- centered polar
fragments are considered. PSA has been showndovbey good descriptor characterizing drug
absorption, including intestinal absorption, biaklility, Caco-2 permeability and blood-brain
barrier penetratiorPrediction results of compounds22 molecular properties (TPSA, GPCR
ligand and ICM) are valued (Table 4).

A number of important points emerge concerningeleetronic and steric factors which have
direct impact on bioactivity properties. The pogtresults we have recorded, while encouraging
for purposes of new organometallic drug design,fioonthat very likely most of these
compounds could be used as potential antibactactality after minor modifications. Based on
their structural properties, these compounds maysdeful as chelating agents with higher
potential activity.

CONCLUSIONS

The results of present investigation support thggested antibacterial pharmacophore sites of
symmetrical acyclic aryl aldazines. It has beengssted that some functional groups such as
substituted phenol present in these aldazine congsodisplayed role of biological activity that
may be responsible for the increase of hydrophohéracter and liposolubility of the molecules.
This in turn, enhances activity of the compoundd &iological absorbance, so as, all the
synthesized symmetrical acyclic aryl aldazines amittig more than one antibacterial
pharmacophore site have good antibacterial pragzerti

These results prompt several pertinent observati@ndhis type of symmetrical acyclic aryl
aldazines can furnish an interesting model for Wwhgl the interaction of antibiotics with
bacterial, fungal and viral targets because theiptescharge modification of substituents and
O/N of pharmacophore groups; (i) The future fldgippharmacophore site (s) geometric
conformation will enable us to prepare molecules rffaulti-therapeutic materials with high

efficiency (Figure 3).
R
R O
HO~OCR H (Cl),
— / CHs
_ —
N - _ o\
Closed Antibacterial Opened Antibacterial Ru
pharmacophore sne pharmacophore site _o/

. HaC CHy
H
R H o

R

No Yes Yes/Yes

Figure 3. The involvement of antibacterial or antviral activity is possible on the basis of coordinton of
symmetrical acyclic aryl aldazines 5 squeleton. Theniversity of Pennsylvania receives US $ 9.5 miih grant
as part of American screening network to discoverfabioactive organometallic ruthenium (11) [52].
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