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Abstract

From 2006 to 2009, the number of new cases of human immunodeficiency virus type 1 (HIV-1) in the United States
increased. Many have questioned whether this is due to medication response, therapy, viral mutation, infection rates, or a lack
of improved knowledge on virus protection. Regardless of the causes, new methods of prevention, such as education against
contracting the virus, and therapy to make persons afflicted with the virus suffer from a manageable chronic condition are
required. Because protease is required for the life cycle of HIV virions, protease inhibitors have been the most widely used
anti-HIV drugs. However, because of the virus's ability to evolve at such an alarming rate, many researchers and physicians
remain unconvinced and skeptical that antiretroviral medications will stay effective against it. Therefore, we developed
topomer CoMFA (Comparative Molecular Field Analysis) and HQSAR (Hologram Quantitative Structure Activity
Relationship) models on a series of N-aryl-oxazolidinone-5-carboxamides which is HIV-1 protease inhibitors. The developed
models show good statistics in terms of g2 and r? values. The best predictions obtained with topomer CoMFA model (r2 =
0.967, 9> = 0.874) and HQSAR model (r> = 0.973, g2 = 0.902). The HQSAR model was fitted to predict the biological activity
using atom, bond, connections and chirality as parameters and fragment size (6-9). The validity of developed models was
confirmed by test set and good predictive correlation coefficient for topomer CoMFA (0.9576) and HQSAR (0.913) is found.
The contour plot of topomer CoMFA suggests that at phenylsulfonamide moiety (R1 fragment) sterically bulky and
electropositive groups are favored by the model for enhancing the activity. In addition, the atomic contribution map of
HQSAR suggests that 4-methoxy, dioxolane and amino groups at phenylsulfonamide moiety are preferred and, moreover, 3
and 4 acetyl groups at phenyloxazolidinone moiety are favored.
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HIV-1 protease inhibitors are the most potent anti-

AIDS drugs reported to date and are crucial

1. Introduction components of highly active antiretroviral therapy
(HAART) [7, 8]. In the past few decades, the

HIV-1  protease is aretroviral  aspartyl continuous efforts of structure based drug design and
protease that is required for the life cycle of HIV, advanced clinical trials led to the discovery of some
the retrovirus that causes AIDS [1, 2].HIV virions FDA approved drugs for HIV-1 protease including,
remain un-infectious in the absence of a functional saquinavir [9], indinavir [10], ritonavir [11],
HIV-1 protease [3, 4].Consequently, altering the amprenavir [12], lopinavir [13], and darunavir (TMC-
active site of HIV protease or inhibiting its activity 114) [14], and these all are competitive inhibitors that
prevents HIV from replicating and infecting new bind in the active site of the enzyme of HIV-1. The
cells, [5] making HIV-1 protease inhibition the development and clinical introduction of anti-AIDS
subject of much pharmaceutical research [6]. In fact, HIV-1 protease inhibitors is regarded as a significant
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achievement of structure-based drug design
[15].However, the emergence of HIV-1 mutants that
are resistant to current drug regimens is a critical
factor in the clinical failure of antiviral therapy [16].
The advent of multidrug-resistant (MDR) protease
variants poses a significant challenge to the efficacy
of the majority of currently licensed protease
inhibitors [17, 18]. Development of next-generation
HIV-1 protease inhibitors active against MDR virus
has been the focus of intense research efforts in
recent years [14, 19]. Consequently, there is a
growing need for the discovery of novel classes of
protease inhibitors with acceptable pharmacological
profiles and decreased susceptibility to drug
resistance, with an emphasis on broad spectrum
action against MDRvariants [16].Designing inhibitors
that interact with the same residues could be one
technique for reducing the likelihood of drug
resistance of HIV-1 protease that are necessary to
recognize the substrate [20, 21]. For this purpose, N-
phenyloxazolidinone-5-carboxamides (figure 1) into
the (hydroxyethylamino) sulfonamide scaffold as P2
ligands [16] could be regarded a viable option for
additional computational research in order to obtain a
better drug that can overcome the limitations
outlined.Crystal structures of inhibitors incorporating
phenyloxazolidinone-based P2 ligands bound to wild-
type HIV-1 protease revealed that the orientation of
the oxazolidinone moiety allows it to make a
complex network of hydrogen bonds with invariant
Asp29 residue of the protease [16].

Computer-Aided Drug Design (CADD) has
evolved as an efficient method of discovering
prospective lead compounds and assisting in the
creation of new drugs for a wide range of ailments
[22]. CADD can be structure- or ligand-based, with
the former exploring and learning the target protein
structure to quantify the interaction levels of all
compounds under consideration and the latter using
chemical similarity criteria and  predictive
quantitative structure-activity relationship (QSAR)
models from the molecules to identify the known
actives and inactives [23, 24]. QSAR analysis had
been used in several research on a wide variety of
compounds. Using 3D QSAR, Mernissi et al.
investigated 30 1,3,5-triazine derivatives for their
activity against cancer cell lines. Models had been
developed using the Comparative Molecular Field
Analysis (CoMFA) and the Comparative Molecular

Egypt. J. Chem. 66, No.SI 13 (2023)

Similarity Indices (CoMSIA) to analyze these
molecules [25]. Abdulrahman et. al. did QSAR study
on henzene sulphonamide derivatives which had been
synthesized and evaluated as anti-oxidants and
predicted new compounds that have effectiveness as
antioxidants [26]. Adeniji also used multivariate
QSAR model to correlate the chemical structures of
the 1,2,4-triazole analogues as anti-tubercular agent
with their observed activities [27]. Hassan et. al. used
2D-QSAR to study of some new antiproliferative
pyrazoles and pyrazolopyridines as potential CDK2
inhibitors [28].

Similarly, many computational studies have been
performed on N-aryl-oxazolidinone-5-carboxamides
as anti-HIV agent. Earlier, the validated predictive
quantitative structure activity relationship (QSAR)
modeling was performed, which shows the
importance of atom-based descriptors like RTSA
indices, Wang—Ford charges and different whole
molecular descriptors [29]. Another study on the N-
aryl-oxazolidinone-5-carboxamides has also been
done wusing quantum chemical and topological
fingerprints  descriptors [30]. Using molecular
modeling, Mukesh Sharma [31] inferred that the
SssOE index, SsNH2 count, SsOH count, SsFE
index, and highly occupied molecular orbital energy
are  significant  for  N-aryl-oxazolidinone-5-
carboxamide derivatives to have anti-HIV protease
activity and TNF4, TTF2 are alignment-independent
descriptors that boost anti-HIV-1 protease activity.
The 3D QSAR tests demonstrated steric descriptors
with negative coefficients near the R2 and R3 regions
of the ring, indicating that fewer bulky groups impair
oxazolidinone-5-carboxamide anti-HIV efficacy.

Through similar approaches, here we are exploring
N-aryl-oxazolidinone-5-carboxamides for anti-HIV-1
activity. The aim of the study is twofold: first, to
enhance the biological activity by elucidating the
structural basis secondly, providing the guidelines in
designing the more potent compounds for the anti-
HIV-1 activity  of N-aryl-oxazolidinone-5-
carboxamides. In the present study, we are exploring
the descriptors favored by the HQSAR model and
looking at the steric and electrostatic field
contribution by performing the 3D QSAR study by
analyzing the topomer CoMFA model.
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2. Experimental
2.1. Data Set

The dataset of thirty-eight HIV-1 protease
inhibitors, used for the topomer CoMFA and HQSAR
analysis were selected from the literature [16]. The
values of biological activity (Ki) in dataset vary from
0.0008nM to 188.8nM. The Ki values were converted
into the corresponding pKi (-logKi) values for
modeling purposes and used as a dependent variable
in both the analysis. The training set (thirty
compounds) and test set (eight compounds) were
selected in such a way that the structurally diverse
molecules possessing wide range of activities
included in both the sets and are shown in Table 1.
The training set was used to derive the model
whereas the test set was used to validate the model.
The generation of the molecular structures, analysis,
calculations, and visualizations were performed using
the Sybyl-X 1.2(Tripos Ltd.) [32].

2.2. Topomer CoMFA

A new methodology, topomer CoMFA, has been
introduced by R. Cramer to overcome the challenges
of the alignment problem of CoMFA [34]. This
method merges CoMFA [33] and topomer technology
yielding effective results[34].In topomer CoMFA
with respect to rotation and translation, an invariant
three-dimensional (3D) representation of a molecular
component that is derived from its two-dimensional
(2D) topology by topomer alignment is referred to as
a topomer [35]. Structural fragments contain a
common feature that is the open valence or common
attachment bond. In the present topomer CoMFA
analysis, all molecules of training set were divided
into two fragments and one common core, as R1
(blue), R2 (green) and common core (black) groups
shown in Figure 1.

o T
N N
—N\ N N/||
)’\ H L °
o OH
o

Figure 1- Fragmentation pattern (R1 and R2) for all
moleculesof dataset in topomer CoMFA analysis. R1
fragment is represented by the blue color and R2 fragment
is denoted by the green color.

Each fragment of a topomer was utilized in
conjunction with topomer alignment to create a 3D
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representation that was invariant[36]. In addition,
each fragment's contribution to the overall activity is
also determined by topomer CoMFA. Using the
results of a leave-one-out (LOO) cross validation
analysis, the optimal number of components (ONC)
is used to determine the correlation coefficient r2. At
a regular space grid of 2, steric and electrostatic fields
are computed and automatically fixed into a 1000-
point cube that is optimally positioned to contain a
topomer.When calculating the field value at a lattice
point, an atom's steric or electrostatic contribution is
multiplied by 0.85n, where n is the total number of
acyclic single bonds that can be found between that
atom and the open attachment bond [34].

2.3. HQSAR

In this work, we have also explored the two-
dimensional molecular features related to the
biological activity of a series of the N-Aryl-
Oxazolidinone-5-carboxamides  using  molecular
hologram Quantitative Structure Activity
Relationship (HQSAR) methodology [37, 38]. This is
a powerful technique that is based on fragment-based
strategy in the drug designing. This methodology
uses the strategy to translate chemical structures into
binary bit strings, known as fingerprints. HQSAR
uses molecular hologram [39, 40] (an extended form
of fingerprint), which encodes more information
(e.g., branched, and cyclic fragments,
stereochemistry)  than  the traditional 2D
fingerprint. With the fingerprint method, molecular
structures are broken down into their smallest
possible linear, branching, and overlapping
components. A cyclic redundancy check (CRC)
algorithm [41] is then used to assign a unique integer
to each of these fragments.These integers are then
hashed to a bin in an integer array of fixed length
range in 50 to 50029. These arrays are known as
molecular hologram and the bin occupancies of the
molecular holograms are used as the descriptors in
statistical analyses [40]. The descriptors (molecular
holograms) are expected to encode the chemical and
topological information of molecules. As a result, a
molecular hologram is presented as a string of
integers [39].

3. Result & Discussion
3.1. Topomer CoMFA Analysis

In the present study, 3D-QSAR topomer CoMFA
model has been derived for N-aryl-Oxazolidinone-5-
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carboxamides and derivatives against HIV-1 activity
of training set with good predictivity in terms of g2
(Leave-one-out cross validation) and r? (correlation
coefficient) values. The model displayed g = 0.874
and r?= 0.967 with standard error of estimates s=0.33
and optimum number of components was eight for
the best LOO cross validation. This model was
validated by a test set of eight compounds which
were excluded during the model creation of topomer
CoMFA giving satisfactory r?=0.9576. Table 2
provides the statistical summary of the model. The
experimental and predicted values of activity of the
series of N-aryl-Oxazolidinone-5-carboxamides is
given in Table 1 and fragment contribution of R1 and
R2 fragments are given in Table 3. The residual
values are also given in Table 1. The relationship
between the experimental and predicted values of
activities of both training and test set were fairly
determined as the residual values are less than 0.69
log unit. The graph of predicted versus experimental
values of activity for training and test set of topomer
CoMFA analysis is given in figure 2.

14

10 o+ Training set

" Test set

Predicted values (pKi)

Experimental values (pKi)

Figure 2- Scatter plot for Topomer CoMFA analysis.
Predicted versus experimental values of the training set
(blue diamond) and the test set (pink square) compounds

3.2. Contour Plot Analysis

Steric and electrostatic contour plots of topomer
CoMFA for R1 and R2 fragments of most active
molecule (Compound 5) are shown in figure 3.
Contour level, color scheme and estimated volume of
contour plot of compound 5 are given in Table 4. In
the steric contour plot, green color denotes sterically
bulky group is favored and the yellow color indicates
sterically bulky group is disfavored by the model.
Moreover, in the electrostatics contour plot, red color
indicates electronegative-group is favored and blue
color indicates electropositive-group is favored by the
model. The steric contour plot of R1 fragment for
compound 5 (figure 3A) indicates that the methoxy
group at phenylsulfonamide moiety and bulky
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isobutyl group at R3 substitution are sterically
favored. In addition, the electrostatic contour plot of
R1 fragment (figure 3B), shows that being an
electropositive, methoxy group at phenylsulfonamide
moiety occupies blue region and is favored whereas
the isobutyl is in open region showing no information
that either electropositive or electronegative groups
are favored/disfavored.

Frazment

Fragment D

Steric Electrostatic
Green: good Blue: positive good, negative bad
Yellow: had Red: positive bad, negative good

Figure 3- Steric and electrostatics stdev* coefficient
contour plots for compound 5 by topomer CoMFA
analysis. (A) Steric contour plot for the R1 fragment. (B)
Electrostatic contour plot for the Ri fragment. (C) Steric
contour plot for the Rz fragment. (D) Electrostatics contour
plot for the Rz fragment. Sterically favored/unfavored areas
are shown in green/yellow contour, while the blue/red areas
show favorable sites for the positively/negatively charged
groups.

The steric contour plot of R2 fragment (figure 3C)
indicates that acetyl group at position 3 in
phenyoxazolidinone moiety sterically favored, as
well as electronegative acetyl group occupies red
region in the contour plot (Figure 3 D) and is favored.
The second highest active compound 6
(pKi=11.3979) has almost same structure as of
compound 5 except the position of acetyl group at
phenyloxazolidinone moiety, which is at position 4.
The contour plot (Figure 4) of compound 6 has the
same information for the R1 fragment as of
compound 5. The steric contour plot (figure 4C) of
R2 fragment of compound 6 indicates sterically
favored acetyl group at phenyoxazolidinone moiety,
whereas the electrostatic contour plot (Figure4D)
shows electronegative acetyl group occupies blue
region and is disfavored by the model, hence,
diminishing the activity.
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Steric Electrostatic
Green: good Blue: positive good, negative bad
Yellow: bad Red: positive bad, negative good

Figure 4- Steric and electrostatics stdev* coefficient
contour plot for compound 6 by topomer CoMFA analysis.
(A) Steric contour plot for the Ri fragment. (B)
Electrostatic contour plot for the R1 fragment. (C) Steric
contour plot for the Rz fragment. (D) Electrostatics contour
plot for the Rz fragment. Sterically favored/unfavored areas
are shown in green/yellow contour, while the blue/red areas
show favorable sites for the positively/negatively charged
groups.

The compound 24 has moderate inhibitory activity
(pKi=8.00). The steric contour plot of compound 24
(figure 5 A) of fragment R1 indicates that the
sterically bulky group favored at the phenyl
sulfonamide moiety by the model whereas the
electrostatic contour plot (Figure 5B) indicates that
electronegative trifluoromethoxy group occupies blue
region and is disfavored by the model and therefore,
diminishing the activity.

(;re-n:r:nad
Yellow: bad , m
Figure 5- Steric and electrostatics stdev* coefficient
contour plot for compound 24 by Topomer CoMFA

analysis. (A) Steric contour plot for the R1 fragment. (B)
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Electrostatic contour plot for the Ri1 fragment. (C) Steric
contour plot for the Rz fragment. (D) Electrostatics contour
plot for the R2 fragment. Sterically favored/unfavored areas
are shown in green/yellow contour, while the blue/red areas
depict favorable sites for the positively/negatively charged
groups.

Again, the steric plot of R2 fragment of compound 24
(figure 5C) favored the sterically bulky group and
electrostatic contour plot (figure 5D) trifluoromethyl
electronegative group occupies red region, favored by
the model. The compound 31, which is least active
compound (pKi=6.6221) in the series. In steric
contour plot of R1 fragment of Compound 31 (figure
6A) methoxy group occupies yellow region and
bulky group is not favored by the model at the
phenylsulfonamide moiety whereas (2thiophenyl)
methyl is in open region where sterically bulky group
neither favored nor disfavored. In (figure 6B),
(2thiophenyl) methyl group is again in open region
whereas methoxy electropositive group occupies blue
region and is favored by the model. However, R2
fragment (figure 6C and D) phenyl is in open region
in both steric and electrostatic contour plot showing
group is neither favored nor disfavored either through
sterically or electrostatically.

Steric Electrostatic

Green: good Blue: positive good, negative bad
Yellow: bad Red: positive bad, negative good
Figure 6- Steric and electrostatics stdev* coefficient
contour plot for least active compound 31 by topomer
CoMFA analysis. (A) Steric contour plot for the Ri
fragment. (B) Electrostatic contour plot for the R:
fragment. (C) Steric contour plot for the Rz fragment. (D)
Electrostatics contour plot for the R2 fragment. Sterically
favored/unfavored areas are shown in green/yellow
contour, while the blue/red areas depict favorable sites for

the positively/negatively charged groups.

Through the above discussion, we concluded that
the 3 acetyl, 4 acetyl and 3 trifluoromethyl groups of
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phenyl ring at oxazolidinone moiety are well suited
and enhancing the activity. Moreover, 4 methoxy at
phenylsulfonamide moiety is well suited. Isobutyl at
R3 substitution is also better than any other group
and enhancing the activity. These findings are in the
agreement with the structure activity relationship
(SAR) study of N-aryl-oxazolidinone-5-
carboxamides and derivatives[16].

3.3. HQSAR Analysis

The HQSAR analysis involves varying of some
fragment distinctions during the generation of the
molecular fragments, and the distinctions used were
atoms (A), bonds (B), connections (C), hydrogen
atoms (H), chirality (Ch) and donor and acceptor
(DA); several combinations of these parameters were
considered during the generation of HQSAR models.
The HQSAR analyses were performed by screening
the 12-default series of hologram length values
ranging from 53 to 401 bins. After that, the partial
least square (PLS) method was employed to relate the
data set compounds patterns of fragment counts to the
experimental biological activity of these compounds.
The statistical results obtained from PLS analyses
using the default fragment size (4-7) and several
fragment distinction combinations are given in Table
5.

According to Table 5, the best statistical results
among all models using the training set compounds
were obtained from model 7 (g? = 0.914), which was
obtained by using the combination of fragment
distinctions: A, B, C and Ch, with optimum number
of components 5. This indicates that atom types,
bonds, connections, and chirality are essential
features of the molecular structures for biological
activity. This finding is in agreement with
experimental determination as the carbonyl of the 3-
acetyl group in Compound number 5 forms van der
Waals (VDW) contacts with the residues Gly48,
Gly49, and Pro81’ of the protease [16]. As the SAR
study reported that compounds with the (S)-
enantiomer of substituted phenyloxazolidinones at P2
show highly potent inhibitory activities against HIV-
1 proteasel6 and here chirality distinction is essential
feature.

The influence of different fragment sizes had been
studied on the important statistical parameters in the
next step of an HQSAR analysis. Fragment size
parameters control the minimum and maximum
length of fragments to be included in the hologram
fingerprint and can be varied to incorporate larger or
smaller fragments during the analyses [17]. The
HQSAR results for several fragment sizes, using the
best statistical model (model 7, Table 5), are given in
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Table 6. The variation of fragment size given in
Table 6 provided change in the statistical parameters,
in which fragment size 6-9 gives the better result. We
get high cross-validated correlation coefficient (q?
=0.902) and non cross validated correlation
coefficient (r>= 0.973) for this model, with a low
cross-validated standard error (SEE = 0.282) which
indicates high predictive capability of the HQSAR
model.

The selected model was validated by a test set of
eight compounds giving satisfactory r2=0.913. Based
on the final HQSAR analysis, the relationshiop
between the experimented and predicted activities of
both training and test set were fairly determined as
the residual values are less than log unit 0.67. The
graphical result of both training and test sets of
HQSAR analysis is given in figure 8. The
experimental and predicted values of activity of the
series of N-aryl-Oxazolidinone-5-carboxamides find
by HQSAR analysis are also given in Table 1.

Atomic contribution map for few compounds are
shown in Figure 7.

Figure 7. Atomic contribution map for few molecules
obtained by HQSAR analysis. Color codes red, red orange,
and orange show the unfavorable or negative contribution
to the activity, the color codes yellow, green blue, and
green denote favorable or positive contribution to the
activity. The white color shows the moderate contribution
to the activity.

The most active compound 5 (pKi =12.0969) and
compound 6 (pKi=11.3979) color coded with green,
and yellow color indicates positive contribution for
inhibitory activity. Methoxy  group at
phenylsulfonamide moiety with yellow color shows
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the positive contribution towards the activity by the
model. Isobutyl group at R3 substitution of
compound 5 and 6 is in green and yellow color also
showing its positive contribution. These contributions
are well supported by the above findings of topomer
CoMFA analysis.

134

-
%)

-
=

¢ Training set

=
S

» Test set

Predicted values (pKi)

Experimental values (pKi)

Figure 8- Scatter plot for HQSAR analysis.Predicted
versus experimental values of the training set (blue
diamond) and the test set (pink square) compounds

The atomic contribution of compound 12
(pKi=10.4949) shows that the electron donating
amino group in position 4 at phenylsulfonamide
moiety with yellow color positively contributing
towards the activity. Moreover, the atomic
contribution of compound 17 (pKi=11.2218)
indicates that electron donating dioxolane group at 3,
4 position of phenylsulfonamide moiety with yellow
and green color contributing positively towards
activity by the model. It also shows that electron
withdrawing acetyl group at position 3 of
phenyloxazolidinone moiety with green and yellow
color contributing positively towards the activity.
Whereas the contour plot of compound 34
(pKi=6.7690) is one of the lowest inhibitory activity,
shows that (2-thiophenyl) methyl at R3 substitution
negatively contributing towards the activity as one
fragment is of orange in color.

Table 1-Chemical structure, Biological activities and predicted activities for series of N-Aryl-Oxazolidinone-5-

carboxamides

_
o] ~
2 Se
Oy WY
o} OH
(]

3

Co. Substitution Experimenta | Predicted | Residual | Predicted | Residual
No. R1 R2 R3 P (Hng/IAR) (goEEn:)r
0

L 4-OCH; H s

\’/ 10.0000 10.1352 -0.1352 10.3705 -0.3705
* 4-OCH 3-F
2 3 | fY 10,0809 10.652 0.5711 10.4051 -0.3242
3. 4-OCHs YT R — o180e 05076 03071 L0218 10,0375
4%, 4-OCHs 3-CFs ;Y 11.2218 10.784 0.4378 11.058 0.1638
5. 4-OCHj SAC ;Y 12.0969 11.6587 0.4382 11.3438 0.7531
6. 4-OCH;, A fY 11.3979 11.4528 -0.0549 10.96 0.4379
7 4-OCH; 30CH; | 7 — 02068 10504 04572 109115 | -0.5647
g*, 4-NH; H g 92757 9.951 0.6753 07088 | -0.4331
o*. 4-NH, 3_':. ;Y 9.7696 9.58 0.1896 9.7434 0.0262
10. 4-NH; N T 2 a3 o o3 £.0800 05562 | 0.0821
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1L, 4-NH, 3-CFs —
10.3768 10.2168 0.1600 10.3963 | -0.0195
12. 4-NH, 3-Ac I
10.4949 10.4737 0.0212 10.6821 | -0.1872
13*. 4-NH, 4-Ac -
T 9.7352 10.268 -0.5328 10.2982 | -0.5630
14. | 3,4-OCH,0)- 3F —
9.9706 9.9943 -0.0237 10.209 -0.2384
15. | 34-0CH0) | 34dF | 7~
10.0706 10.4526 -0.3820 10.0218 0.0488
16. | 3,4-OCH,0)- | 3-CFs —
10.7959 10.7539 0.0420 10.8619 | -0.0660
17. | 3,4-0CH0)- 3-Ac K
\( 11.2218 11.0131 0.2087 11.1477 0.0741
18. | 3,4-OCH0)- 4-Ac —
10.7959 10.8115 -0.0156 10.7638 0.0321
10. 3F, 3F —
4-OCH; 10.1549 9.7657 0.3892 9.4643 0.6906
20. 3F, 34-diF | -
4-OCH; T 9.4647 9.7444 -0.2797 9.2772 0.1875
21. 3F, 3-CFs 7
4-OCH;, s 10.1427 10.0458 0.0969 10.1172 0.0255
22. 3F, 3-Ac 7
4-OCH; s 9.8761 10.3050 -0.4289 10.4031 | -0.5270
23. 3F, 4-Ac 7
4-OCH; T 10.0969 10.1034 -0.0065 10.0192 0.0777
24. 4-OCF, 3CFs -
T 8.0000 8.1213 -0.1213 8.119 -0.1190
25. 4-OCF, 3-Ac T
8.6990 8.3806 0.3184 8.4048 0.2942
26>, 3-OCH; H 7
s 8.4202 8.711 -0.2908 8.5969 -0.1767
27. 3-OCH; 4-Ac T
9.0757 9.0274 0.0483 9.1863 -0.1106
28. 4-OCH; 3F
(\f 9.5901 9.3266 0.2635 9.58 0.0101
29. 4-OCH; 3,4-diF
(\f 9.2366 8.8002 0.4364 9.3929 -0.1563
30. 4-OCH; 4-Ac %\
s 9.0969 9.6643 -0.5674 9.1987 -0.1018
3L, 3-OCH; H
oo
e
6.6221 6.8726 -0.2505 6.7341 -0.1120
32. 3-OCH; 3F
oo
e
6.7240 6.8517 -0.1277 6.7602 -0.0362
33. 3-OCH; 4-Ac
oo
e
7.5302 7.1894 0.3408 7.3235 0.2067
34, 2,4.5-1riF H
m 6.7690 6.7130 0.0560 6.4973 0.2717
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35*. 2,4,5-triF 3-F
e
6.7953 6.692 0.1033 6.5319 0.2634
36. 2,4,5-triF 4-Ac
e
6.7755 6.7342 0.0413 7.0868 -0.3113
37. 3-OCH;3 H .-
Y
7.3768 7.5731 -0.1963 6.9643 0.4125
38. 3-OCH;s 3-F .-
Y
6.8239 6.8484 -0.0245 6.9989 -0.1750
Compounds marked as * are in test set
Table 2 Statistical results of topomer COMFA
ONC g2 r’ SEE r’pred
8 0.874 0.967 0.33 0.9576

ONC=optimum number of components, g?= Leave-one-out cross validated correlation coefficient, r>=Non cross validated
correlation coefficient, SEE= standard error of estimates, r’pred=predicted correlation coefficient

Table 3 Topomer CoMFA contour plot for the R: and Rz fragment of compound 5

Contour R1 R2
Contour Color Volume Contour Color Volume
level estimates level estimates
Steric -0.029 Yellow 33.3 -0.001 Yellow 1.1
0.039 Green 36.0 0.014 Green 54.8
Electrostatic -0.016 Red 22.1 -0.006 Red 20.8
0.019 Blue 96.5 0.006 Blue 34.6

Table 4- R: and Rz fragment contribution in Topomer CoMFA Analysis

Co. No. | R; Fragment | R, Fragment

1 2.73 0.03
2* 2.73 0.07

3 2.73 -0.12
4* 2.73 0.72

5 2.73 1.01

6 2.73 0.62
7* 2.73 0.57
8* 2.07 0.03
9* 2.07 0.07
10 2.07 -0.12
11 2.07 0.72
12 2.07 1.01
13* | 2.07 0.62
14 2.53 0.07
15 2.53 -0.12
16 2.53 0.72
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17 2.53 1.01
18 2.53 0.62
19 1.79 0.07
20 1.79 -0.12
21 1.79 0.72
22 1.79 1.01
23 1.79 0.62
24 -0.21 0.72
25 -0.21 1.01
26* 0.95 0.03
27 0.95 0.62
28 1.90 0.07
29 1.90 -0.12
30 0.97 0.62
31 -0.91 0.03
32 -0.92 0.07
33 -0.91 0.62
34 -1.15 0.03
35* -1.15 0.07
36 -1.15 0.62
37 -0.68 0.03
38 -0.68 0.07

Compounds marked as * are in test set

Table 5- HQSAR analysis for various fragment distinction using default fragment size (4-7)

Model | Fragment Distinction | r? SEE g> | HL | ONC
1. A/B 0.941 | 0.412 | 0.869 | 307 5
2. A/B/C 0.930 | 0.443 | 0.862 | 257 4
3. A/B/C/H 0.935 | 0.443 | 0.832 | 97 6
4, A/B/C/HICh 0.974 | 0.282 | 0.894 | 199 6
5. A/B/C/H/Ch/DA 0.963 | 0.334 | 0.825 | 199 6
6. A/B/H 0.943 | 0.416 | 0.853 | 307 6
7. A/B/C/Ch 0.970 | 0.293 | 0.914 | 353 5
8. A/B/DA 0.927 | 0.460 | 0.817 | 97 5
9. A/B/C/DA 0.939 | 0.421 | 0.827 | 199 5
10. A/B/H/DA 0.936 | 0.442 | 0.787 | 353 6
11. A/B/C/H/IDA 0.942 | 0.420 | 0.772 | 199 6
12. A/B/H/Ch/DA 0.960 | 0.348 | 0.844 | 199 6
13. A/B/C/Ch/DA 0.976 | 0.264 | 0.871 | 353 5

Egypt. J. Chem. 66, No.SI 13 (2023)



In Silico QSAR Studies on N-Aryl-Oxazolidinone-5-carboxamides as Novel HIV-1 ..

2353

r>= Non cross validated correlation coefficient, SEE= Non cross validated standard error, g?= leave-one-out cross
validated correlation coefficient, HL=Hologram length, ONC= Optimal number of components, Fragment
distinction: A= Atom, B=Bond, C= Connections, H=Hydrogen atoms, Ch= Chirality and DA= Donor and

Acceptor

Table 6- HQSAR analysis for the influence of various fragment sizes using the best fragment distinction
(A, B, CandCh)

Fragment size | r? SEE | ¢? HL | ONC
2-5 0.927 | 0.459 | 0.873 | 353 5
3-6 0.954 | 0.365 | 0.900 | 97 5
4-7 0.970 | 0.293 | 0.914 | 353 5
5-8 0.968 | 0.300 | 0.898 | 257 4
6-9 0.973 | 0.282 | 0.902 | 151 5
7-10 0.978 | 0.259 | 0.907 | 353 6

r>= Non cross validated correlation coefficient, SEE= Non cross validated standard error, q%= leave-one-out cross validated
correlation coefficient, HL=Hologram length, ONC= Optimal number of components, Fragment distinction: A= Atom,
B=Bond, C= Connections, H=Hydrogen atoms, Ch= Chirality and DA= Donor and Acceptor

The above findings are in agreement with SAR
study of the compounds [16]. Moreover, the main
field (steric and electrostatic) contribution analyzed
by topomer CoMFA analysis and the main fragments
contribution analyzed by HQSAR analysis are related
to the important interactions that determine the
preferred binding site and group which enhances the
inhibitory activity is methoxy group at the
phenylsulfonamide moiety of the compounds 5 /6
forms a hydrogen bond with the backbone nitrogen of
the protease residue Asp30’ with a distance of 3.4/3.3
A.16 The 4-acetyl group on the phenyloxazolidinone
moiety of the compound 6 does not form any
hydrogen bond with the protease but extends beyond
the protease into the solvent [16]. The carbonyl of the
3-acetyl group in compound 5 forms van der Waals
(VDW) contacts with the residues Gly48, Gly49, and
Pro81’ of the protease. The methyl group of the
acetyl moiety forms VDW contacts with the phenyl
ring of Phe53 in the flap region in both the structures
[16].

4, Conclusions

In the present study, we obtained the topomer
CoMFA and HQSAR models with good statistical
values. The robustness of these models was
confirmed using the test set prediction. Topomer
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CoMFA and HQSAR analysis provide great insight
for more improvement of potency over existing
compounds. The information obtained from HQSAR
model shows the importance of atom, bond,
connection and chirality parameters.

The overall study indicates that, in topomer
CoMFA analysis, sterically bulky and electron
donating like 3 methoxy group at phenylsulfonamide
moiety is important for inhibitory effect; this was
also supported by the HQSAR analysis. The contour
plots of topomer CoMFA also suggests that electron
withdrawing 3 acetyl, 4 acetyl and 3 trifluoromethyl
groups at phenyloxazolidinone moiety are preferable
for good inhibitory activity. The HQSAR analysis
also prefers the dioxolane and amino groups at
phenylsulfonamide moiety. Good statistical results
and satisfactory predictive power of developed
topomer CoMFA and HQSAR models with contour
plots and atomic contribution maps respectively
indicate that these models can serve as computational
tools for rational design of novel HIV-1 protease
inhibitors with enhanced activity and provide good
prediction prior to synthesis.
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