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ABSTRACT

A new series of 1,2-diazaphenanthrene derivatives 3a-p has been synthesized and subjected to
evaluate their antibacterial properties. All the synthesized compounds of the series dlicit
remarkable activity in comparison to standard drug (ampicillin). A number of descriptors were
tested to adjudge a quantitative correlation between activity and structural features. However,
significant correlation has emerged between activity and physicochemical parameters viz.
hydrophobic parameter (log P). Moreover, results are interpreted on the basis of multiple
regression analysis and cross-validation methodol ogy.

Key words: Physicochemical parametersjydrophobic parameter, Quantitative structure-
activity relationship (QSAR), and 1,2-Diazaphenaertie.

INTRODUCTION

A number of polycyclic aromatic hydrocarbons (PAH)cluding some nitrogen-heterocyclic
analogues and aza derivatives, have been showa tmfginogenic to some extent in animals
However, to a greater extent polycyclic aromatidrogarbons together with corresponding
polycyclic aza-aromatic compounds are of immengeoitance in astrophysics and life scieices
* Isolation of polycyclic aza-aromatic compoundsnir natural /environmental sources is very
difficult, and hence, under these conditions bioaital studies has to rely on synthetic materials.
A great deal of interest in the chemistry of thesdstances and their interaction with bio
molecules is a subject of intense research nowya Ttlae development of efficient and mild
methods of synthesis of heterocyclic compoundsessts a thrust area of intense research and
development of these compourid$ In this context, nitrogen-containing heterocyches among
the most useful and widely demonstrated categdités

In spite of the great biological potential residinghese compounds, little progress has been made
in deducing antimicrobial behavior of poly aromdtidrocarbons, which need to be investigated
very thoroughly. Further it has been observed tphatency of several bacteria against
commercially available drugs increases tremendousdya result there is an urgent need for new
antibiotic agents, which would fight against baietieinfections. These threats have rekindled our
interest in search of new compounds as potenttahamobial agents. Thus in continuation of our
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previous work on heterocyclic systelfis’, we herein report a short novel strategy to s\sitleea
number of 1,2-diazaphenanthrene derivatives anldi&ian of their antimicrobial behavior against
a representative panel of bacterial pathogens.

Quantitative structure-activity relationship (QSARudies have also been performed on the basis
of the fact that the biological activity of a comymal is a function of its physicochemical
propertie§” % For the sake of present study QSAR analysis dfllazaphenanthrene derivatives
3a-p was performed based on the assumption of lineditiael contributions of the different
physicochemical properties viz., vander waals va@uiviDW), connolly accessible area (CAA),
connolly molecular area (CMA), connolly solvent kexted area (CSEV), dipole-dipole energy
(DDENE), partition coefficient (log P). Multiple geession analysis was applied to generate
QSAR models and to obtain statistical parametees, correlation coefficientr), standard
deviation 6), F-test, cross validated correlation coefficiérfty), sum of square standard error
(Seress), predicted residual sum of squar€RESS) and sum of the squares of response value
(SSY). These statistical data were utilized in ordeh&we a judicious interpretation for effective
QSAR models. The best-derived QSAR model was usegredict activity of the tested
compounds and to suggest structural features, whidhuld be incorporated to improve the
pharmacological activity of the synthesized compmtsun

MATERIALS AND METHODS

All the chemicals used were of analytical gradeitpuMelting points were taken in open
capillary tubes using an electric melting point agpus. All the melting points reported are
uncorrected’H NMR spectra were recorded at 300MHz with a Brudvance DRX 300
instrument using TMS as an internal stranded. itgp were run on a Perkin Elmer model 377-
spectrophotometer using KBr pellets. Analyticahttdayer chromatography was performed using
E. Merck Silica gel-G 0.50 mm plates (Merck No. 6).0

2.1 Synthesis of)-diphenyldiazene[la-p]

An appropriate quantity of diazoaminobenzene ((M)12.5 mL) and a pertinent aniline
derivative (0.01M) was taken in a 100 mL flask. ffes, 1.3 g freshly prepared aniline
hydrochloride was added and allowed to undergoirgat 40-48 C for 1h on water bath with
constant stirring. The reaction mixture was themmited to stand for 15 min at room temp.
Now 15.0 mL (1:1) glacial acetic acid was added@datents and shaken thoroughly to remove
excess aniline as aniline acetate. After allowing mixture to stand as such forl5 min yellow
crystals of E)-diphenyldiazene were obtained, filtered on BuechHnoenel and dried in vacuum.

2.2 Synthesis of 1,2-diazaphenanthrene [3a-p]

(E)-diphenyldiazene (1.0mmol) in benzene (1000ml) weadiated in a Pyrex vessel with
350nm U.V light in a photochemical reactor for 8hihwstirring. Benzene was evaporated using
a rotatory evapororator followed by the addition afetone (30mL) to dissolve unreacted
compound. Shiny crystals of final compou3ad-p] were obtained upon vacuum filtration. An
overview of synthetic illustration is depicted icheme-1. Physical characteristics and structural
assignment are giving in Table-1.

The synthesis of 1,2-diazaphenanthrene derivatvas carried out as per Schemel. The
substrate HK)-diphenyldiazenela-p was prepared by condensation of pertinent aniling a
diaminoazobenzef® Upon treatment ola-p with benzene in a photochemical reactowas
yielded as annsitu intermediate, which in turn finally gave 1,2-diphananthrene derivatives
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3a-p as the desired products. An overview of a represetcompoundais depicted in Fig.1,
delineating the PM3 optimized geometry.

RESULT AND DISCUSSION

3.1 Biological activities

The in-vitro antibacterial activity of theubstituted 1,2-diazaphenanthrene derivatives bas b
investigated against several representative pathogbacteria. Nutrient agar media was
employed for bacterial growth. Inocula containimpeximately 10CFUs/mLof bacteria were
prepared from broth culture in log phase. Bactaslate was incubated at %7 for 24 h. Four
microbial strains i.e.,Bacillus subtilis, Saphylococcus aureus, Escherichia coli and
Pseudomonas diminuta were used in antimicrobial assay. Ampicillin trimgte was also
screened under similar conditions as referencéactgrial drug. All the synthesized compounds
have been found to delineate profound antimicropi@tency as compared to reference drug
within a MIC range of 4-48ug/mL. The screening results depicted in Table-Zeaé that
reported compounds showed a remarkable effect @fdlcteriocidal/ bacterostatic potency, as
per the pattern shown below:

B. subtilis> S.aureus>E. coli> P.dimunata

3.2 QSAR analysis

3.2.1. Calculation of physicochemical properties

In order to deduce the correlation of observedvagtiin terms of MIC ig/mL) of reported
compounds with different structural parameterstesyatic QSAR investigations have been
carried out using the model proposed by Hanschrcanarkers®.

The activity data (MIC) represents the concentraibcompounds that inhibited visible growth.
The same are further expressed as —log MIC on nhalsis and used as dependent variables to
get linear relationship in QSAR model. The calaedparameters used in present studies include
vander waals volume (VDW), connolly accessible #@aA), connolly molecular area (CMA),
connolly solvent excluded area (CSEV), dipole-dgpehergy (DDENE), partition coefficient
(log P). The above-mentioned parameters were eatmlilby using Chem 3B.0 softwaré’.
Further, HOMO and LUMO energies were calculatedskyniempirical PM% studies using
MOPAC 6.0 packadé.

3.2.2. Multiplelinear regression analysis

Multiple linear regression (MLR) analysis was usedinvestigate the correlation between
biological activity and physicochemical propertidthe MLR was performed by using the
VALSTAT®* by the stepwise method. The highest correlatiorindépendent variables with
dependent variable was chosen for deriving the Q®#del. The statistical values, multiple
correlation coefficient (r), standard errors (sjpss validation 7 (of) and standard error of
prediction (SPRESS) were used to evaluate theradddadSAR models. Several combinations of
independent variables were firstly attempted ugimge variables (one representative from each
property) for individual models, and then, moreiafales were added in order to optimize the
statistical values but not more than five independariables were used. The best model derived
from the MLR analysis was used to predict the irtbry activity of the synthesized compounds.
Calculated parameters and correlation matrix neadeghown in Tables 3 and 4.
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The resulting mono parametric models are depictdelgs. 1-4, along with statistical parameters
of the regression. No outliers have been determihedquations were derived using the entire
data set (n=16).

QSAR model foB. subtilis

-log MIC =[2.946( + 0.236)] +log P [0.5(+ 0.101)] (1)
n=16, r=0.950 std=gmB, F=147.51

The comparison of above correlation coefficienal{fe-2) shows that the partition coefficient
(log P) plays a dominating role in the theoreticaddeling of the activity and also shows the
direct relationship with the activity. Comparisotsa demonstrates the significance of other
parameters in deciding the activity quantitatively.

Further improvement in statistically significant dets was achieved by incorporating another
parameter i.e. CSEV in above eq. (1). and testirgvailidity of bi-parametric correlation.

Bi parametric QSAR model fds. subtilis

-log MIC = [2.264(z 0.683)]+logP[0.501(+0.112)] SEV [0.00506( + 0.00483)]
n=16, r=0.968, std=0.07998:634

Results from the bi-parametric combination are eotouraging and model obtained is
statistically not allowed. This also conforms theults of Eq. (1)

QSAR model folSaureus
-log MIC =[2.945( + 0.389)] +log P [@5( + 0.167)] (2)
n=16, r=0.865, std=AB, F=41.915
QSAR model foi.coali
-log MIC =[2.921( + 0.326)] +log P [0.86x 0.140)] (3)
n=16, r=0.887, std=A11F=51.85
QSAR model foP.diminuta
-log MIC = [2.952( + 0.315)] +log P [@@( + 0.135)] (4)
n=16, r=0.883, std=ZM1F=49.60

TheF-values obtained in Egs. 1-4 are found statisicgtinificant at 99% level. Similarly, cross

validation of obtained equations were checked bypleying the leave one out (LOO) method
(‘e > 0.83). The calculated and predicted activitiesths synthesized compounds were in
accordance with the observed activities as showtigs. 2 and 3.

PRESS (predicted residual sum of squares) is aarbamt cross-validation parameter, which is a
good approximation of the real predictive errotted models. Its value being less than SSY (sum
of the squares of response value) points out kieattodel predicts better than chance and can be
considered statistically important. In the presesde all the proposed models have PRESS <<
SSY demonstrating them to be better than chancetatidtically significant.

To have a dependable QSAR model, PRESS/SSY shaukhaller than 0.4. Thus, the data
presented in Table-5 show ratio of PRESS/SSY ranlgetween 0.15-0.45 indicating that all the
proposed models are reliable QSAR models.
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Table-1 — Physical characteristics and spectral ag;miment for synthesized 1,2-diazaphenanthrene deratives
HlO

Compd.

3a

3b

3c

3d

3e

3f

39

3h

M.P. Yield
c) ()
135- 81
36
136-

37 19
132-

33 16
131-

3 18
126-

Y7 82
128-

59 17
132-

33 8l
135- 80

IR (uem?)

3051 (C-H, sp), 2944(C-H, sp,
1628(C=C/C=N), 1610,1533,

phenyl) 722(CH)
3055 (C-H, sf), 2943(C-H, sp),
1630(C=C/C=N), 1624,1531,

phenyl)
3047 (C-H, sp), 2947(C-H, sp),
1636(C=C/C=N), 1622,1534,

phenyl)
3055 (C-H, sp), 2942(C-H, sp),
1628(C=C/C=N), 1630,1534,

phenyl)
3058 (C-H, sp), 2945(C-H, sp),
1629(C=C/C=N), 1631,1534,

phenyl)
3049 (C-H, sp, 2945(C-H, s}), 1618
(C=CIC=N), 1633,1531, 1440

3051 (C-H, sp),2954(C-H, sp),
1620(C=C/C=N),1623,1534,1442

3056 (C-H, 8p 2942(C-H, sp,

H NMR (5 ppm)

7.10(t,4H, H,Hs,Hg,H) 7.51
(d,2H,|‘b,H10 J:8.0HZ),
'8.29(d, 2H,H,Hy)

712(t1 4Hy H1H51H81H9)1
7.55(d,2H,H,Hy0 J=8.0Hz),
8.33 (d, 2H,H,H)

711(t! 4H5H1H51H81H9)1
7.54(d,2H,H,Hyo J=8.0H2),
8.28(d, 2H,H,Hy)

7'15(t14H1 H1H51H81H9)1
7.52(d, 2H,H,Hyo J=8.0Hz ),
8.31 (d, 2H,H,Hy)

713(t14H1 HlHSIHSIHQ)n
7.56(d,2H,H,Hyo J=8.0Hz ),
8.32 (d, 2H,H,H,)

7.11 (t,4H, H,Hs,Hg,Hg), 7.57
(d,2H,H,H10 J=8.0Hz ), 8.30
(d, 2H,H;,Hy)

7.10 (t,4H, H,Hs,Hg,Ho), 7.54
(d,2H,Hs,Hi J=8.0Hz ), 8.32
(d, 2H,H;,Hy)

7.09 (t,4H, H,Hs,Hg,Ho), 7.59

Scholars Research Library

¥C NMR © ppm)

16.1(CH;),29.0(CH),125.0(G,9)129.5(G 19,
132.1(C5,12),132.2(617),148.5(G 1.).

16.0(CH),29.2(CH),124.0(G 9)128.5(G 1),
132.5(C5,12), 132.1(€17,151.5(G 12).

14.3(CH;),65.1(0-CH),120.0(G 9 131.5(G 1),
134.1(C5,12),135.2(617) 149.5(G 10).

14.3(CH),65.1(0-CH),125.6(G 9130.(C, 1,
133.1(C5,12),134.4(€1;) 150.5(G 10).

125.0(G 9129.5(C-Cl), 132.1(C5,12),
132.2(Cs.1)148.5(G 1.).

56.0(0-CH),125.0(G,¢)129.5(C-
Cl),132.1(C5,12),132.2(611)148.5(G 19.

56.2(0-CH),121.0(G 9),126.5(G 19,
130.1(C5,12),132.2(€1), 151.5(G 1.).

56.0(0-Ch),129.0(G.¢),135.5(G 12),
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3

3

3k

3

3m

3n

30

3p

36

132-

33

134-

35

132-

33

131-

32

129-

30

132-

33

135-

36

138-

39

77

78

76

83

80

79

79

78

1628(C=C/C=N), 1610,1529,

phenyl),
3048 (C-H, sp), 2951(C-H, sp), 1630
(C=CI/C=N),1632,1531,1438

3041 (C-H, sp), 2943 (C-H, sp),
1619(C=C/C=N), 1630,1535,

phenyl)
3052 (C-H, sp), 2951(C-H, sp,
1625(C=C/C=N), 1630,1531,

phenyl)
3058 (C-H, sp), 2949(C-H, sp),
1628(C=C/C=N), 1622,1533,

phenyl)
3049 (C-H, sp), 2952(C-H, sp),
1629(C=C/C=N), 1625,1534,

phenyl)
3047(C-H, sf), 2942(C-H, sp),
1632(C=C/C=N), 1630,1535,

phenyl)
3045 (C-H, sp), 2941(C-H, sp),
1626(C=C/C=N), 1620,1529,

phenyl)
3045(C-H,sf),2940(C-H, sp),
1625(C=C/C=N),1601,1506,1440

(d,2H,Hs,H10 J=8.0Hz ), 8.28
(d, 2H,H;,Hy)

7.10 (t,4H, H,Hs,Hg,Hg), 7.57
(d,2H,Hs,H10 J=8.0Hz ), 8.30
(di 2Hl|-l5|H7)

7.16 (t,4H, H,Hs,Hg,Hg), 7.57
(d,2H,Hs,H10 J=8.0Hz ), 8.34
(di 2Hl|-l5|H7)

7.13 (t,4H, H,Hs,Hg,Hg), 7.53
(d,2H,Hs,H10 J=8.0Hz ), 8.34
(d, 2H,H;,Hy)

7.11 (t,4H, H,Hs,Hg,Hg), 7.51
(d,2H,Hs,H10 J=8.0Hz ), 8.30
(di 2Hl|-l5|H7)

7.12 (t,4H, H,Hs,Hg,Hg), 7.50
(d,2H,Hs,H10 J=8.0Hz ), 8.29
(d, 2H,H;,Hy)

7.15 (t,4H, H,Hs,Hg,Hg), 7.52
(d,2H,Hs,H10 J=8.0Hz ), 8.34
(d, 2H,H;,Hy))

7.11 (t,4H, H,Hs,Hg,Hg), 7.57
(d,2H,Hs,H10 J=8.0Hz ), 8.30
(di 2Hl|-l5|H7)

7.16 (t,4H, H,Hs,Hg,Hg), 7.55
(d,2H,Hs,H1o J=8.0Hz ), 8.31
(d, 2H,H,Hy)

136.1(C5,12),132.2(617),151.8(G 10).

21.2(C-CH), 125.0(G.9)129.5(G. 1),
132.1(C5,12),132.2(€1y), 148.5 (G 12).

21.8(C-CH), 125.0(G o), 129.5(G 12,
132.1(C5,12),132.2(1y), 148.5(G 10).

56.0(C-0),105(§),125.0(G>),126.9(G),
128.0(G),129.5(G),131.0(G3),132.1

(Cs),132.2(G),148.5(G4),151.0(G), 164(Gy).

105.1(Gy),125.5(G),126.5(G),128.2(G),
129.4(G),131.5(G5),132.6(G),132.7(G),
148.1(G),151.2(G),159.9(C-OH), 164.2(G).

109.4(Gy),125.5(G),126.9(G),128.2(G),
129.5(G),131.3(G2),132.6(G),132.7(G),
148.1(G4),151.2(G), 159.5(C-OH) 164.2(G).

124.6(Gy),124.7(G),125.4(G>),126.9(G),
128.0(G),129.5(G),131.3(Gy),132.1(G),
132.2(G),144.1(C-NQ),146.1(G4),151.0 (G),
152.2(Gy).
124.5(G),124.9(G),125.1(G,),126.7(G),
128.2(G),129.1(G),131.6(G3),132.2(G),

132.5(G),144.2(C-NQ),146.3(GJ), 151.2 (G),

152.1 (Gy).
125.0(G 9129.5(G 19,132.1(C5,12),
132.2(Cs 1) 148.5(G 10).
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Table- 2. Thein vitro antimicrobial activity of 1,2-diazaphenanthrenes Ba-p]

Compd.

R

-logMIC in pg/mL

B.S S.A E.C P.D

3a 3-GHs 4.74 4.64 4.5 4.445

3b 4-GHs 4.64 4.57 4.39 4.34

3c 3-OGHs 4.60 4.47 4.29 4.26

3d 4-OGHs 4.53 4.33 4.20 4.17

3e 3-Cl 4.40 4.21 4.15 4.12

3f 4-Cl 4.40 4.15 4.10 4.03

39 3-0OCH 4.31 4.09 4.03 3.99

3h 4-OCH 4.27 4.05 3.95 3.93

3i 3-CH; 4.20 3.94 3.87 3.87

3 4-CH;, 4.15 3.91 3.84 3.82

3k 3-COOH 4.15 3.93 3.83 3.83

3l 3-OH 4.07 3.86 3.77 3.74

3m 4-OH 4.02 3.83 3.73 3.71

3n 3-NGQ 3.92 3.85 3.76 3.75

20 4-NGQ 3.83 3.82 3.74 3.73

3p H 3.72 3.72 3.62 3.60

A - 3.90 4.60 4.43 4.60

A = ampicillin, BS =B. subtilis; SA =S aureus;, EC=E.coli; P.D = P. diminuta.
Table-3. Values of selected descriptors calculatddr 1,2-diazaphenanthrenes [3a-p]
HOM
R 0 LUMO DDENE VDW NVDW Log P CSEV CMA
3-CHs -5.306 -0.858 0.823 9.686 0.517 2.851 175.577 8I76. 214.678
4-CHs -8.616 -0.663 0.815 9.896 3.107 2.849 179.391 0819. 212.356
3-OGHs -8.749 -0.660 0.906 11.583 1.248 2.843 185.519 518 226.678
4-OGHs -8.696  -0.6793 0.739 11.426  16.547 2.843 186.21686.216  224.425
3-Cl -9.014 -0.936 1.302 8.787 0.607 2.646 165.71396.206 203.133
4-Cl -8.915 -0.891 1.432 8.984 5.645 2.646 159.32882.523 194.503
3-OCH; -8.778 -0.682 0.906 10.922 1.341 2.314 168.689 A 206.428
4-OCH, -8.713 -0.692 0.736 10.719 12.089 2.314 168.579 8.3® 204.833
3-CH; -8.878 -0.721 0.824 8.968 0.652 2.321 161.898 &B%V. 198.594
4-CH; -8.842 -0.712 0.801 9.061 7.606 2.320 160.999 4B79. 194.232
3-COOH -9.139 -1.242 2.563 7.826 0.926 2.047 165.71396.206 203.133
3-OH -8.829 -0.724 0.893 7.045 0.443 2.227 149.53867.044 184.884
4-OH -8.748 -0.750 0.904 8.409 -1.316 1.821 145.23859.245 179.996
3-NO, -11.360  -5.565 1.646 9.060 1.490 1.470 164.745 .0B®4 201.94
4-NG, -11.243  -5.431 1.978 8.235 -1.84952 1.470 167.69892.422 201.305
H -8.879 -0.72 0.824 8.969 0.649 1.525 154,957 &72. 188.529
A -8.956 -0.228 7.445 0.675 -1.204 280.439  304.61855.251  9.114
A= ampicillin
57
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Table-4. Correlation matrix of used molecular desgéptors

HOMO LUMO DDENE VDW NVDW  LogP CSEV CAA CMA

HOMO 1.000

LUMO 0.720 1.000

DDENE  0.503 0.574 1.000

VDW 0.242 0.255 0.480 1.000

NVDW 0.106 0.275 0.336 0.548 1.000

Log P 0.650 0.643 0.423 0.521 0.407 1.000

CSEV 0.182 0.015 0.086 0.766 0.412 0.595 1.000

CAA 0.539 0.219 0.320 0.515 0.258 0.509 0.579 1.000
CMA 0.217 0.035 0.077 0.774 0.379 0.609 0.988 0.6341.000

Table-5. Cross-validation parameters

Eq. ngne%d' PRESS  SSY PRESS/SSY pSss  SDEP Pey s

1 16 0.156 1,009 0.155 0.105 0.098 0.013 0.892
2 16 0.414 0.926 0.447 0.172 0.160 0.749 0.718
3 16 0.294 0.807 0.364 0.144 0.135 0.787 0.757
4 16 0.273 0.719 0.380 0.140 0.131 0.779 0.759

Figure. 1. ORTEP diagram of 3a (PM3 optimized geomney) with atom numbering. Thermal ellipsoids are
scaled to the 50% probability. The atom numberings$ arbitrary and has nothing to do with the IUPAC
nomenclature.
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Figure 2. Plots of observedss calculated and observeds predicted activity of 1,2- diazaphenanthreng3a-p]
againstB. Subtilius.
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PREDICTED
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Figure 3. Plots of observedss calculated and observeds predicted activity of 1,2-diazaphenanthrend3a-p]
againstP.diminuta

N\N/NH hv QN
OO e O 2
R@NHZ (1a-p) 3d | 4-0CH,
3e 3-Cl
3f | 4acl
39 | 3-OCH,
N=N 3h | 4-0CH,
N .
< O, ~ \|N hv / benzene C} R 3? 3-CH,
isomerization -~ 3 4-CH,
® 3k | 3-COOH
3l 3-OH
@ 3m | 4-OH
3n | 3-NG,
30 | 4-NG,
3p H

Scheme-1
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CONCLUSION

Conclusively, a series of 1,2-diazaphenanthrenévateres has been synthesized as potent
antimicrobial agents. Furthermore, QSAR studiesopered on these compounds have revealed
that the positive coefficient of the log P desaiptwhich relates to the hydrophobicity of the
molecule, suggested that an increase in the lifiopyi might increase the activity. This
corresponds to the presence of hydrophobic binsitegn thel,2-diazaphenanthrenes.
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