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Abstract: The study describes SAR and QSAR of inhibition of Reverse Transcriptase-1 by
HEPT derivatives using both classical and non-conventional physicochemical parameters
along with hydrophobic parameter and indicator parameters. The set of HEPT derivatives
Studied contains 85 compounds with different substitution at various positions. Application
of multiple linear regression analysis indicated that combination of classical physicochemical
parameters with indicator parameters vielded statistically significant model for modeling
inhibitory activity (log 1/C) against Reverse Transcriptase-1. Final selection of the potential
HEPT derivative for the inhibition of Reverse Transcriptase-1 is made with the help of
molecular modeling parameters.
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Introduction

The Acquired Immuno Deficiency Syndrome (AIDS) is one of the most rapid sprayed diseases,
which is caused by infection of human immuno deficiency virus (HIV), During the studies of effective
therapies used to inhibits the compassing of HIV, Reverse Transeriptase (RT) has been distinguish as
promising target, because Reverse Transcriptase (RT) is not required for normal host cell replication
(Clercg, 1995) and Conversion process of the single-stranded viral RNA genome into double-stranded
proviral DNA ahead of its adherence into the host genomic DNA s performed by the reverse
transcriptase (Young, 1993). However, a serious puzzle with the reverse transcriptase inhibitors
specifically HEPT derivatives is the outburst of wiral strains that have point mutations in the
region encoding HIV-1 RT which check these drugs from inhibiting RT (Hannongbua ef al., 19964, b;
Kireev et al., 1997).

Inspired by the behavior of HEPT derivatives in inhibition of RT-1 and in continuation to our
earlier studies (Thakur, 2005; Balaban er al., 2005; Thakur er al., 2004a-e, 2003), our objective in
present study is to made SAR and QSAR analysis of inhibition of reverse transcripase-1 by HEPT
derivatives using three different sets of molecular and hydrophobic descriptors consisting of some non-
conventional physicochemical parameters like approximate surface area (ASA), surface area grid (SAG)
and Hydration Energy (HE), hydrophobic parameter as logP and some classical physicochemical
properties like Molar Refractivity (MR), Molar Volume (MV), Parachor (Pc), refractive index (1),
Surface Tension (ST) and density (d) in addition to indicator parameters. For QSAR modeling we have
used maximum R* method and followed step-wise regression analysis (Chaterjee and Hadi, 2000). To
model the most potent HEPT derivative we optimized the molecules using molecular mechanics
method, applying MM™ force field. The parent structure of the HEPT derivatives is presented as
Fig. 1.
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Fig. 1: Parent structure for HEPT derivatives
Materials and Methods

Activity
The inhibitory action against RT's of the HEPT derivauves were adopted from the
literature (Hannongbua er al., 2001),

Physicochemical Parameters

The classical physicochemical parameters Molar volume(MV), Parachor(Pc), Molar
Refractivity (MR), Refractive Index (1), Surface Tension (5T), Density (D) and Polarizability
(@), for the set of HEPT derivatives were calculated from ACD Lab software
[www.acdlabs.com]. While the non-conventional physicochemical parameters, ASA, SAG
and hydration energy were calculated with the help of Hyperchem?7 (Demo-version).

Indicator Parameters

These are the dummy parameters sometimes used for accounting those structural feature
not covered in any molecular descriptor used. They assumed only two values 1 or (0. If the
assumed structural feature i1s present; then the indicator parameters are | otherwise it 1s 0.

Molecular Modeling

Molecular optimization and modeling were performed applving MM force field for this
purpose and for the calculation of modeling parameters Hyperchem7 (Demo-version)
[www. hyper.com] were used.

Statistical Analysis

Maximum R’ method together with step-wise regression (Chaterjee and Hadi, 2000) was
carried for arriving at statistically significant models. In present study linear mathematical
models are developed to study Quantitative Structure/Property- Activity Relationship
(Q5AR). Multiple linear regression is used to develop these models.

Resulis and Discussion

The set of 85 HEPT derivatives and their adopted inhibition values for HIV-1 RT expressed as
log1/C are presented in Table 1. Non-conventional physicochemical parameters are recorded in
Table 2 while the classical physicochemical parameters are shown in Table 3. Hydrophobic parameter
logP along with indicator parameters are recorded in Table 4. The inter correlation of classical
and non-conventional physicochemical parameters and hydrophobic parameter logP are presented in
Table 5 in form of correlation matrix.

The inter correlatedness among molecular descriptors as well as with the activity shows that the
mutual correlation exists between classical physicochemical parameters, while this is not so with the
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Table 1: Sub-stituents and Biological activity (Observed)| | of HEPT derivatives used in present study

5. No. X R, E. R. log 1/C
| L Me SCH,, CHAOCH-CHOH 5085
2 0 Me CH.Ph CH.OCH.CH.OH 4.637
A 0 Me C=CPh CHOCH.CH.OH 4,853
4 L] | 5Ph CHOCH-.CH.OH 5443
5 O SPh SPh CH.OCH-.CH.OH 4.677
6 0 COCHMe, SPh CH.OCH-CH,OH 4.920
7 0 COPh SPh CH.OCH-CH.OH 4 B85
8 0 CH-FPh SPh CH,OCH.CH,OH 4.637
9 0 CH=CPh; SPh CH.OCH.CH,OH 6075
10 0 C=CMe SPh CH.OCH-CH.OH 4,720
11 0 C=CPh SPh CH,OCH.CH,OH 5468
12 L CH=CHPh =Ph CHOCH-CHOH 5.221
13 0 CH=CH. SPh CH.OCH.CH.OH 5958
14 0 Me SPhi2-Me) CH,OCH.CH,OH 4.148
15 L Me SPhi2-0Me) CHOCH-CHOH 4720
16 0 Me SPhi3-Me) CH,OCH.CH,OH 5.584
17 0 Me SPhi3-El) CH.OCH-.CH,OH 5.568
18 0 Me SPhi3-r-Bu) CH-.OCH-.CH.OH 4.920
19 0 Me SPhi3-Cl) CH,OCH.CH.OH 4 885
20 0 Me SPhi3-Br) CH.OCH.CH,OH 5.243
21 O Me SPhi3-1) CH.OCH-.CH.OH 4,999
22 0 Me SPhi3-NOy ) CH,OCH-CH.OH 4.468
23 0 Me SPhi3-0H) CH.OCH.CH,OH 4.085
24 0 Me SPhi3-0OMe) CH.OCH-CH.OH 4.657
25 0 Me SPhi3,5-Me.) CH.OCH.CH,OH f.584
26 0 Me SPhi3,5-Cl;) CH.OCH-CH.OH 5885
27 5 Me SPhi3,5-Me.) CH.OCH.CH,OH f.656
28 0 Me SPhi3-CO0OMe) CH.OCH-CH,OH 5102
29 0 Me SPhi3-COMe) CH.OCH-CH.OH 5.136
A0 0 Me SPhi3-CN) CH,OCH.CH,OH 4,999
31 0 CH.CH=CH, SPh CH.OCH.CH,OH .60
32 0 COOMe SPh CH.OCH.CH.OH 5.180
A3 0 CONHPh SPh CH.OCH-CH,OH 4.744
34 5 Et %Ph CHOCH-.CHOH G.as7
35 5 Et SPhi3.5-Me.) CH,OCH.CH.OH B 106
36 5 i-Pr SPhi3,5-Me.) CH.OCH,CH,OH 8.300
37 5 Ei SPhi3,5-Cl,) CH-.OCH-CH.OH 7.365
38 0 Pr SPh CH,OCH.CH,OH 5468
39 L] MhMe SPh CH.OMe 5677
40 0 Me 5Ph CH-.OPr 5.443
41 O Me SPh CH:OBu 5327
42 L Me SPh CH.OCH-Ph 7054
43 5 Et SPhi3,5-Me.) CH.OFE! H.355
44 5 Et SPh{3,5-Cl ) CH,OEL 7885
45 5 Ei 5Ph CH.-i-Pr G50
46 5 Et SPh CH,OCH.-c-Hex f.455
47 S El SPh CH.OCHPh 8. 106
48 5 Et SPh (3,5-Me,) CH.OCH-Ph 8. 160
49 5 Ex SPh CH,OCH.Phi4-Me) 7107
50 5 Et SPh CH.OCH.(4-CI) 7.919
51 5 Et SPh CH.OCH.CH.FPh 7040
52 5 i-Pr SPh CH.OEL 7.852
53 5 i-Pr =Ph CH.OCH-Ph 2179
54 5 c-Pr SPh CH.OEL T.021
55 0 Er SPh CHO--Pr 6.467
56 0 Ei SPh CH.O-c-Hex 5.397
57 0 Et SPh CH.OCH.-c-Hex . 346
58 L Et =Ph CHOCH-CH.Ph T.006
59 0 Me SPh Et 5657
6l 0 Me SPh Bu 53,920
Gl L] Er CH.Ph CHOCH.CHL.OH G455
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5. No, x R, R. R, log1/C
62 0 Ex CH,Phi3,5-Me) CH.OCH.CH,OH 7.RHS
a3 )] Et CH,Ph CH-OE! T.3R06
e 0 i-Pr CH.Ph CH.OCH,CH,OH 7199
65 (8] i-Pr CH.Ph{3.5-Me) CH.OCH.CH.OH 8367
66 ) i-Pr CH,Ph CHLOE 8375
67 0 i-Pr CH,Ph{3,5-di-Me) CH.OE!: 9,220
(it )] i-Pr CH,Ph Bu T.374
69 0 Et CH,Ph CH.CH.OMe 6.601
70 L] i-Pr CH,Ph CH-CH.OMe T.282
71 0 Me S5Ph CH.OOCH.CH.OH 5154
72 (8] C=CH SPh CH.OCH-CH.OH 4744
73 ) M SPhi3-F) CH.OCH.CHLOH 5481
74 5 i-Pr SPh CH-OCH.CH.OH 7.228
75 ) M SPh CH-OCH.CHOMe 5,060
76 0 Me S5Ph CH-OFE! G.480
77 5 Et 5FPh CH-OE! T.584
78 0 Ex S5Ph CH.OFE! 1720
74 (8] Et SPhi3,5-Me,) CH-OEL 8,260
80 0 Ex S5Ph(3,5-Me.) CH-OCH.Ph 8493
81 i i-Pr SPh CH-OEt 7o
B2 L) c-Pr SPh CH-OE! .90
83 0 Et CH.Phi3,5-Me.) EtOCH, 7199
B4 )] Et CH.Ph Bu 6677
85 5 Me 5Ph CH.OCH.CH.OH 6,008
Table 2: Non conventional physicochemical parameters used in present study

Comp. No. HE ASA SAG

| -10.34 425.87 490.27
2 -10.32 419.53 48R 47
3 10,70 30228 3627
4 -11.03 452.33 307.00
3 -13.03 S18.02 6877
fi -10.18 50281 S60.57
7 -12.47 48474 303.59
8 -11.84 482,76 586.52
! -12.32 49993 h31.15
10 -10.48 480.94 53647
11 -11.68 440.15 35648
12 -11.59 442 69 357.02
13 -11.68 431.49 503.34
14 460 451.11 10018
15 -10.71 463,58 525.41
16 410 461.24 512.01
17 -, 60 488.23 537.02
18 -7.32 53797 357.1%
19 9.4l 45310 SO8.76
20 9,61 462.10 515.23
21 -0.70 47588 52423
22 -19.22 462,98 519.97
23 16028 437.75 A01.12
24 -11,73 479.53 528.22
25 -H.09 493.65 333.16
26 0.1 4090 82 5IR.40
27 A 65 502.95 54846
8 10,74 314.25 36050
29 -10,38 525.46 557.40
30 -13.53 46854 51803
31 -11.49 46127 538.06
32 -11.63 471.37 335.79
33 -14.4% A64.41 5TH.83
34 1128 458.41 532.04
35 -3.97 322.67 574 85
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Comp. No. HE ASA SAG
36 -8.86 522.02 30056
37 -10.27 520,09 S6H.32
EH -9.57 484,93 54241
39 =513 AUE.O6 435296
40 -4.18 439,57 498,53
41 -3.77 47297 327.64
42 -5.39 395.51 525.19
43 -3.21 S13.88 565.94
44 4,65 512.49 561.69
45 =441 469,70 53097
46 -4.15 S1.77 Gl1.98
47 -f.67 0711 G738
48 -4.53 585,82 6297
49 -5.69 563.67 63065
50 -f1.54 556.76 (3345
51 -5.38 551.30 555.08
52 -4.69 472.69 532.64
53 -6.24 54593 634 84
54 -5.17 420,55 527.87
55 -3.51 451 8 31520
56 -4.31 306,92 519.14
57 -2.99 502.14 589.75
58 5.0 45385 Bd 41
59 -4.63 306,93 456,79
i) -3.80 431.67 488.03
] -9.92 431.06 SOE. B
62 -8.57 532.03 575.37
63 -3.37 421.76 495.94
i} -9.32 441.19 522.44
65 -7.31 510,39 S6H. 84
i3] -2.86 42447 576
67 -1.14 493,02 551.59
68 -2.24 463 .48 53017
a4 -5.15 4400 85 HIE 12
70 -4, 80 457.33 520,21
71 -10.51 411.41 485490
72 -10.93 445 48 49727
73 -10,38 446,13 S00.65
T4 -10.92 454 56 5065
75 6,02 468,88 IT7T
76 -4.62 417.14 478.049
77 -5.22 446,210 321.14
T8 -4.25 438,10 502.19
79 -2.22 S0 9% 349 66
Ll -4.24 595,25 633.91
81 -3.83 469,44 524.79
B2 -4.51 4101.33 512.79
83 -2.40 S64.02 596,95
84 -2.62 446,77 518,89
kRS -11.56 4300001 0917
¥ HE = Hydration Energy, ASA = Approximate Surface Area, SAG = Surface Area Grid

Table 3: Classical physicochemical properties® of HEPT denvatives used in present study

Comp. No. MR MV Pe n 5T ¥ o

| 83.24 2529 GH3.7 1.572 53.3 1.24 33.00
2 T6.33 232.0 B17.1 1.571 S0.0 1.25 026
3 79.52 2233 634.5 | .630 63.1 1.34 31.52
4 88.56 2250 65,1 1.716 T6.2 .86 35.10
5 108.36 278.1 B15.7 1707 739 144 42895
i 04,24 267.6 752.8 |.622 626 1.36 37.36
7 105,04 277.3 RO 5 |.682 72.2 1.43 41.66
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Table 3: Continued

Comp. No. MR MYV FPc il 5T D V4

B 10497 2E04 B33 1.671 673 1.37 41.61
9 134,00 3483 10011 1.695 68,2 1.35 53.12
10 87.53 237.2 GRITRY 1.659 0.3 .40 34,70
11 107 .62 2799 BT 1.6495 EER 1.40 42 .66
12 104,51 2409 H3.0 1.679 67.4 1.36 43.41
I3 B4.66 2329 6587 1.640 638 .37 3356
14 LE R 237.2 G6T.T 1.634 62.7 1.35 3365
15 86,62 2433 HEE. | 1.630 63.9 [.39 3.34
16 B0.26 2214 G205 1.644 052 .39 3181
17 951 2534 TO7.8 1.624 0.8 1.32 3548
18 98.78 2862 T84.2 1.606 56.3 .27 Ju.la
19 BiW 2323 RTRTa Y 1.653 677 1.47 3373
20 2798 234.2 fiE0.S 1.674 71.2 1.65 3488
21 9318 24008 034 1.700 T2.7 |80 3694
22 8629 2327 GEG.5 1.663 757 1.51 3421
23 8179 2184 GEE 1.672 759 1.48 3242
24 B6.62 2433 HEE.1 1.6340 63.9 |.39 .34
25 #9.51 2534 TO7.8 1.624 6.8 1.32 3548
26 £9.91 2432 T03.7 1.661 T0.0 .55 35.64
27 96491 2514 T45.2 1.697 T2 1.56 342
28 a1.37 2564 T33.3 1.631 66.9 1.42 36,22
29 B9.63 2503 T13.0 1.634 65.7 .39 35.53
30 B4B3 2308 GT7.1 1.656 EER 1.44 3362
31 59,29 2492 H9E.H 1.635 61.3 1.34 35.39
32 BR.7S 2406 P | 1.640 0.5 .46 3439
33 108.74 2E4.8 ®36.7 1.68Y T4.5 1.45 43.11
34 91.89 2458 T11.0 1.670 69.9 .67 3642
35 100,13 2773 TR7.6 1640 050 .32 4009
36 105.74 294.1 B25.6 1.638 62.0 1.29 4192
kN 101.54 267.6 T85.3 1.683 74.1 1.52 40.25
3B Ba.52 2339 7096 1.622 6l.0 1.32 3549
39 T4.00 2078 572.4 1.631 57.5 1.33 29.37
40 83,35 2403 h32.5 1.610 43 1.27 33.04
41 BT.O8 2565 GO2.6 1.6001 53.1 1.24 34 EE
42 R8sl 2669 T46.2 1.662 61.0 1.32 .17
43 05 0l 2E0.0 TTA 1.629 AT3 1.25 3948
44 100,01 270.2 THR.3 1661 65.3 1.44 39.64
45 93,22 259.2 T11.7 1.638 56,8 .23 36.95
46 111.44 alL.z Eh29 1.634 500 1.25 44 18
47 110,43 201.3 H2T.H 1.682 65.2 1.31 4378
48 119.68 3223 Q043 1.663 6.6 1.27 4744
449 115.06 70 T | 1.672 633 1.29 435.61
S0 115.26 021 B6d4.9 1.688 67.1 1.38 45.69
Al 115,07 74 BO7.9 1.671 634 1.29 45.61
52 94,96 2653 T32.0 1.634 5Tu 1.26 37.64
53 115,04 3080 HH5.H 1.669 62.3 1.29 45.60
54 a92.492 6.5 T02.6 1.677 039 .35 Jo.E3
55 87.96 257.1 6o 1.500 52.0 1.24 3487
56 99,81 2869 T81.3 1.612 54.9 .25 39.57
57 1045 KN E21.4 1.603 534 1.23 41.40
S8 108,07 2093 Hl6.4 1.641 58,1 1.27 42.84
59 72,35 2016 352.0 1.630 a6l [.30 28 68
G Bl.6l 2342 Hh3z2 1.613 530 1.23 3235
1] 80,95 249.6 657.2 1.561 48.0 1.21 3209
62 Q0,640 LE | 7137 1.555 457 1.17 3501
63 a4l 252.1 (4.2 1.542 41.5 1.14 31.448
el 8548 264,10 f95.2 1.560 479 [.20 3389
5 95,13 2067 7718 1.554 457 1.16 37.71
iy #3495 2666 HTH.2 1.542 41.8 1.13 33.28
67 93.60 299.2 T54.8 1.538 40.4 .10 3710
(i Bh.Bd 2768 (U749 1.534 40.4 1.0% 3442
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Table 3: Continued

Comp. No. MR MYV FPc il 5T D i

i o941 252.1 6402 1.542 41.5 .14 348
70 7941 252.1 640.2 1.542 41.5 .14 3148
71 80,26 2214 629.5 1644 5.2 .39 3181
72 BE2.70 2226 fdu 0 1.665 T2.2 .43 3278
73 80,37 2260 6368 1.629 63.0 |44 31.86
74 h. 49 2626 T49.10 I.655 Bl .34 3R.25
75 B5.10 264 6729 1606 55.5 [.30 3373
76 TRI2 224.0 6124 1.620 55.8 [.30 31.21
77 .35 ME4 o410 |.647 (VAR .29 3581
T8 H3.35 240.3 652.5 1610 54.3 1.27 3304
79 92.60 271.8 7291 1.596 51.7 .23 3a71
B 112.68 3145 BH2.E 1.635 6.6 .26 44.67
81 87,96 257.1 G90.5 1.5949 52.0 1.24 34,87
B2 B592 2383 il ] | .60 59.1 .33 34,06
B3 B9.06 2E4.6 T16.7 1.538 401 .11 35.30
84 82.30 2622 6599 1.540 40,0 .09 32.62
85 B7.26 2206 6709 |.684 724 | .41 34.59

*MR = Molar Refractivity, MV = Molar Volume, Pc = Parachor, 1 = Index of refraction, 5T = Surface Tension, D
= Density, ¢ = Polanzability

Table 4: logP values and indicator parameters for HEPT derivatives used in present study

Comp. No. logP Iy Ly I | Loy I-
| 1.014 0 0 | 0 | 0
2 0087 1 0 0 0 | 0
3 -0.025 0 0 0 0 | ]
4 -0.137 0 0 | 0 | 0
5 2.397 0 1 1 i | i
i} -0.058 0 0 1 0 | 0
7 1.361 0 1 1 1] | 0
H 1 .GBE 0 1 1 i} | i}
9 3782 0 1 1 0 | 0
1} (0.255 i 0 1 0 l 0
11 1,498 0 1 1 0 I 1]
12 1.962 0 1 1 1] | 0
13 (.01 1 0 | 0 | 0
14 0,592 0 0 1 1 | ]
15 -0.041 0 0 | I | 0
16 0.592 0 0 1 1 | i}
17 1111 0 0 1 I | 0
I8 2.206 1 0 | | | 0
19 0820 0 0 1 1 | i}
20 1.082 0 0 1 I | 0
21 | 467 i 0 1 | l 0
22 -0.101 0 0 1 1 | 0
23 -0.638 0 0 l I I 0
24 0.019 0 0 1 1 | i}
25 1.011 0 0 1 1 | i}
26 |.467 0 0 1 I | 0
27 1.526 0 1] | | | i
28 0.041 0 0 | I | 0
29 A.2R5 1 0 | | | 0
30 -(0.469 0 0 1 1 | ]
31 0478 0 0 | 1] I 0
a2 752 i 0 1 0 l 0
33 0,400 0 1 1 0 | i}
34 1.095 0 0 | 0 | 0
35 1.933 0 0 1 1 | i
36 2.523 0 0 1 I | 0
37 2389 i 0 1 | l 0
38 1.116 0 0 1 i} | i}
39 1060 0 0 1 {0 {0 i}
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Table 4: Continued

Comp. No. looP - L I, Lsp Ly 1.
40} 2081 } 0 | 0 } 0
41 2617 1] 1] 1 1] 1] 1]
42 2670 | | | ] 1] |
43 3.305 i 0 | | i i
44 3761 1] 1] 1 1 1] 1]
45 4.149 ] 0 I 0 0 0
46 4.616 | | | i i |
47 3.592 | | | 1] 1] |
48 44310 | | | | 0 |
49 4011 | | | i i |
S0 4.239 | | | 1] 1] |
51 4.079 l | | 0 0 l
52 3.057 1] 1 1 1] 1] 1]
53 4,182 | | | 0 1] |
54 2.6001 } | | 0 } 0
55 2,208 1] 1] 1 1] 1] 1]
56 3.4510) | I 1 1] 0 |
57 4.101 | | | i i |
S8 3.564 | | | ] 1] |
59 2.230 i 0 | 0 i i
i) 3,302 1] 1] 1 1] 1] 1]
61 0.494 0 0 0 1] | 0
a2 1.332 i 0 0 | | ]
3 1. Bixfy i 1] 1] i i i
64 1.084 ] 0 0 0 | 0
05 1.992 1] 1] 1] 1 | 1]
] 2,456 1] 0 0 1] 1] 0
67 3,204 1] 0 0 I 0 0
O 4.213 1] 1] 1] i 1] 1]
69 1777 1] 0 0 1] 0 0
T 2.367 ¥ 0 0 0 ¥ 0
71 0,173 1] 1] 1 1] | 1]
72 -0.466 ] 0 1 1] | 1]
T3 0421 i 0 | | | ]
74 1.685 i 1] 1 i | i
75 0.977 1] 0 1 0 1] 0
76 1.545 1] (1] 1 i 1] i
77 2,467 1] 0 | 1] 1] 1]
TR 1.952 i 0 | 0 i ]
749 2,790 1] 1] 1 1 1] 1]
80 3915 | 0 | I 1] |
Bl 2.542 } 0 | 0 } 0
82 2,086 1] 1 1 1] 1] 1]
83 2615 0 0 0 I 0 0
B4 3.623 1] 1] 1] i 1] 1]
85 0,688 1] 1] 1 1] | 1]
* logP = Partition coefficient {Octenol/Water), ke = 1 if Cyclic structure at terminal of the chain at B, position, 0
otherwise, Ly = | if Cyclic structure at alternate atoms, 0 otherwise, I; = 1if 5 atom attached at R: position, 0 otherwise,

Lip = 1 if substituted Pheny] ring present at the atom attached on R,, 0 otherwise, Ly = 1 if OH present in the chain at R
position, O otherwise, I, = 1 it § atom present at X position, 0 otherwise

Tahle 5: Correlation between various parameters and biological activity in form of correlation matrix

log 1/C MR MV Pc n 5T D i
logl/C 10000

MR 0,29983 1.00000

MV 0.50189 0.48289 100000

Pc 0.31517 098748 092660 10000

Rl -0, 28950 047519 000873 0.36867 (ELLLLY

5T 046566 029289 016131 0.21835  0.93569 10000

D A.46185 0.05045 0.34406 <0.02346 0.775809 i.85515 UL

[V} 0, 29975 10 (0] (,88291 (.987 50 047514 (), 29286 00,0504 3 1, (W00
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Table 5: Continued

log 1/C MR MV Pe m ST [ it
logh 0.66744 (.58354 (0.708953 0.56587  -0.09140 -0.3T7555 046445 (0.58348
HE (105049 001621 (L4564 0.01026 (04797 0.0B599 004726 001614
ASA (L33555 0.59193 (0, S9N (.625%9 0,14857 10564 001365 (.59184
SAG (.36581 090168 (L87911 0.92164 (0.27842 (14528 -0.06809 0.901 66
I (149856 046098 [.32866 041709 0.36714 0.22933 006128 046087
Luc 030804 0.60325 (L58378 (. 58200 (. 18620 SD00285 014792 060328
b (L0 1RO (1.7T2582 (1.59569 (16RO (L4 1808 0.215352 N02EGE (1.72580
L -(,28742 031570 -0.05320 0.23411 0.76221 (. T0R0E 0.54071 0.31574
Isp (04447 (L0140 (L(NE43 (.04 356 02314 0.15302 021636 -0L00139
Ly -0.56428 -L.08674 -0.26102 -0.05583 0.31717 0.55735 0.55445  -0.08668

Table 5: Continued

logP HE ASA SAG I Ly [y I
logP | OO
HE 012315 1.00000
ASA (1.32393 000137 [ O0000
S5AG 0.53152 001314 07907 3 100000
I, (146387 009503 (L37 1M (0.39432 100000
| (L5905 006969 (.30493 056519 (0,33266 (NELLLY
- 04870 008984 (.11875 0.56524 0.26100 0.62946 100000
L -0,03774 007451 0.05456 013323 0,24632 0, 1 3003 025436 1.00000
Iy (16374 A0.04957 041355 0. 14258 0.00341 S0 15804 0 036598 0.06247
Loy -(L73965 -0 15894 (L0 808 -00789] -0,22642 -0, 2500 ] -0.25301 011 10%

Table 5: Continued

L.;p .[-G'IH
I:p IREEELN
Lissi 031748 | OO0

other non-conventional  physicochemical  parameters uvsed. Furthermore, data presented in
Table 5 shows that none of the molecular descriptors, including non-conventional physicochemical
parameters, hydrophobic parameters and classical physicochemical parameters correlate well with the
activity (log1/C). From this we conclude that these descriptors can be combined o yield stanstically
significant multi-parametric model for modeling the activity. Initial regression analysis indicated that
out of the 12 molecular descriptors Surface Area Gnd (SAG), logP, Molar Volume (MV), Parachor
(Pc) and index of refraction (1) in combination of indicator parameters plays the dominating role in
modeling the activity.

In the case of non-conventional physicochemical parameters, from the perusal of Table 5 non-of
the non-conventional physicochemical parameter shows the significant univariate correlation. For the
improvement in the modeling potential we test bi, tri and tetra-parametric combinations of non-
conventional physicochemical parameters and indicator parameters. Best model obtained from the
penta-parametric combination of SAG, indicator parameters L., [, I, and 1,,,. Model obtained from
these parameters is as below:

log VC = 0.0055(£0.0021) SAG + 1,243 1(20.2303) I - 1.2962(+0.2405) 1, +

0.5231 (£0.1906) Iy, - 1.2389(+0,1884) L, + 4.5839 (1)
n = 83, Se = 0.7839, R = 0.8109, R, = 0.6359, F = 30.340

The statistics obtained from maodel demonstrate the role of volumetric parameters in the modeling
of activity logl/C. Positive coefficient of indicator parameters I, and I, in Eq. 1 exhibits the
enhancement in the activity with the substitution at 2nd position and presence of substituted phenyl
ring. While the negative coefficient of indicator parameters 1, and 1, shows the inverse relationship
between biological activity log 1/C and presence of substitution at 6th position and OH substitution,
respectively.
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Similarly in case of hydrophobic parameter the best result is obtained from the penta parametric
combination of logP and 4 indicator parameters 1, 1, g, and Ly, The model obtained from above
variable is shown below:

log 1/C = 0.2748(0.099] )logP + 1.16120£0,2392) [, — 1.2247(£0.2396) 1, +

053572 (0. 187915, ~ 0.7246(+0.2695)1,, + 6.74 (2)
n==%35 Se=07797, R =08131, B, = 0.698, F = 30.835

Statistics generated by Eq. 2 express the enhancement in the activity log 1/C with the increase in

hydrophobicity of compounds i.e, increase in lipophilicity in these compounds enhance the inhibitory
action. Equation also exhibits the role of indicator parameters similar to the previous Eq. 1.
In case of classical physicochemical parameters only Molar Volume (MV) shows the significant
univariate correlation (r = (.30). In case of bi, tn and tetra-parametric correlation, few significant results
are shown by the different combination of MV, Pe, ST, 1 and MR along with the indicator parameters.
The best result is obtained from the combination of Molar Volume {MV), Parachor (Pc) and index of
refraction i(n) along with indicator parameters I, and I, and the model obtained 1s as below:

log 1/C = 016 18(20.0253)MY — (L0SST(HL0095)Pe + 22 4T81{+£6.53) 1 +

1.5102 (202127 1, + 0460420, 1692}, — 32,6826 (3)
n =85, Se =0.7089, R = 0.8485, ", = 0.7022, F = 40.619

Equation 3 expresses the domination of volumetric parameters in modeling of inhibitory activity
of NNRT's against the reverse transcriptasel. The equation also demonstrates the role of steric
parameters in modeling the activity. Equation 3 again shows the similar behavior of indicator
parameters I, and Ig as Eq. 1 and 2.

Comparison of all three equations demonstrates that the highest Regression (R) value 15 obtained
from the Eq. 3 this exhibits significant role of classical physicochemical parameters in modeling log1/C,
This also demonstrates the dominating role of substitution at 2nd position and presence of substituted
phenyl ring on the parent moiety. Comparison also expresses the domination of volumetric parameters
over the hydrophobic and steric parameters in modeling the inhibitory activity of the compounds
against RT-1.

In view of this above, we have concentrated on the results given by Eq. 3. Further regression
analysis indicated that the model expressed by Egq. 3 has ten outliers in three different steps
{compounds 2, 14, 15, 45, 46, 78, 79, 81, 82 and 83), the deletion of which give the following models
with excellent statistics:

log WC = 01 507(H0.0217 MY — DLOSON£0L00E2 ) Pe + 19.4523(£3.6290) 1) +

1.5673 (£0.1850) I, + (0.5787(20. 1486)1., — 28.3634 (4)
n = 80, Se = 0.6046, R = 0.8904, R, = .7788, F = 56.630

log 1/C = 0156300203 MV — 0LO53(H0L076)PC + 1986375, 1838) 1 +

16766 (20,1709} 1, + 0.5976(=0.1396)1y, - 29.0375 (5)
n=76,5 =05435 R =0.9135, R, = 0.8227, F = 70,607

log 1/C = L1 508(20.02000MY — .05 1 IEED075)1Pe + 18 16T7(£5.1166) 1 +

16970 (£0.1669) I, + 0565320, 1369) ] — 26,1750 (f)
n=75, S =05301, R =09174, R*, = 08301, F = 73.317

Comparison of Eq. 4-6 shows that the model obtained for the set of 75 compounds gives the

better statistics and most suitable for the prediction of inhibitory activity of the compounds against
reverse transcriptase-1. It is obvious that reduction in size of data set increases the regression value,
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but in present case significant lowering of Se and a large improvement in the F-statistics along with the
improvement in the value of R®, from Eq. 3-6 justify the improvement in statistics and deletion of the
compounds. The suitability of Eq. 6 for the prediction of log 1/C expressed graphically in Fig. 2. Also,
the observed and calculated log1/C along with residual values are presented in Table 6

At this stage, it is worthy to comment on R*, values. We observed that as we passes from
the model obtained for 85 compounds (Eq. 1-3) to model obtained for 75 compounds (Eq. 6) there is

104

logl/C (calc.)

log1/C (obs.)

Fig. 2: Graph obtained between Obs. and Calc. logl/C values from Eq. 6

Table 6: Observed and calculated biological activity (log1/C) using Eq. 6 for HEPT derivatives

Comp. No. log 1I/C {Obs. ) lagl/C iCale.) Residual
I 5.085 5.585 -0.500
| 4.637% SBIE -1 181
3 4853 4.6849 0164
4 5.443 4,944 0.499
3 4.677 5.0090 0415
] 4.920 alie -0.259
7 4.885 4,885 (0.000
B 4.637 5419 . 782
9 6.075 5,947 088
10 4.720 4.634 0.086
11 5.468 4. 5490 (.578
12 5.221 5.581 -0.360
13 5.958 5191 0.767
14 4.148" 30247 -1.379
15 4.720 5.531 -0.811
1] 5.584 5.478 0. 106
17 3.508 349349 -0.371
I8 4.920% 6,654 -1.734
19 4. BES 5.389 -0.504
10 5.243 5.347 -0.104
11 4.999 S.644 -(.645
12 4468 4.614 0. 146
13 4.085 4,757 -0.672
14 4.657 5.531 -.874
15 554 2850 0.645
16 5.885 5.282 0.603
17 6.656 6749 -0.093
18 5.102 5.215 -0.113
19 5136 5.347 -0.251

G



Asian J. Biochem., 2 (2); 84-1(0), 2007

Table 6 Continued

Comp. No. loe 1T {Obs. ) Iop 1/C (Calc.) Residial
20 5243 5347 (L1004
21 4,999 5.644 -0.645
22 4,468 4.6014 -0, 146
23 4085 4757 -(1.672
24 4,657 5.531 -0.874
25 6.584 5939 (645
26 5,485 5.282 (603
27 f.656 6,749 -0L0A3
28 3.102 5215 LT3
29 5.136 5.387 (1,251
30 4,999 4.681 0318
3l 5.6001 54000 (.20
i2 5.180 4,383 0.797
33 4.744 4,703 (L0441
34 6957 65497 (1. 3600
35 B 106 T.616 (4900
36 8.300 5.008 .2492
i7 7.3635 fL.BED 0476
EH 5468 5,321 0,147
34 5677 5.543 (134
40 5,443 5.969 -0.526
41 5,327 i, 204) -0L873
42 T.054 G137 0917
43 8.355 8.534 -0.179
44 T.8R5 7.750 (135
45 G.656% B.000 -1.344
46 6.455* B.043 -1.58%
47 8. 106 7707 (L.39%
48 8. 160 K.754 -[1.594
49 7107 7.936 0,829
50 74919 7.549 (L3700
51 7040 T.886 -0, 846
a2 7.852 T.8510 (.042
53 B.1TO EkE (131
54 7021 7.259 -(,238
35 6.467 6,361 (1. 1k
li} 5,397 0451 -1.054
57 6,346 6,718 -0,372
58 TAO16 G544 (1.472
549 5.637 5741 -(.084
6l 5,920 AEY -0,221
al L h.242 (213
62 7.885 7.690 0.195
a3 7386 7.142 244
i 7,199 468 0.731
65 B.56T 7.926 (.64 ]
i} 8375 T.387 (L9588
67 9220 K881 .339
6l 7.374 7.864 -0, 490
Ha 6001 7.142 -1.541
70 7.282 T.142 0, 140
71 5154 4912 .242
72 4,744 4 478 (1.266
73 5.481 5.526 0,045
74 T.228 G016 312
75 5,060 5774 0714
76 6,480 5742 (1,738
7 T.584 7439 144
78 7.720% 5.9649 1750
79 8, 266% T.116 [.150)
B B.A4u3 7.432 L0061
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Table 6: Continued

Comp. No. log 1/C (Obs. ) log 1/C {Calc.) Residual
Rl T.O19* 1,361 1.558
B2 i, L 5.773 1.226
B3 7.199% H.626 -1.427
B4 G677 T.622 1945
85 6008 6.457 -{).449

"Data point mot included i calculaton

consistent increase in the value of RY, The values increasing from 0.7022 to 0.8301, as we passes from
Eq. 3-6. Such an increase in R°, values indicate that the deleted compounds have the unfair share in the
modeling of respective activity and also showing exceptional behavior from their parent series. The
value of R*, will decrease if the deletion of the compounds does not reduce the unexplained variation
in the model enough to off set the loss of degree of freedom (Agrawal er al., 2001, Khadikar er al.,
2002a,b; Thakur er alf., 2003, 2004).

Based on the magnitude of residue from Eq. 6 we have selected compounds 7, 9, 10, 27, 33, 52,
59 and the compound 73 for further molecular modeling. This we have done to find out which HEPT
derivative has the highest correlative and predictive potential, We have, therefore, atempted molecular
modeling, using Hyperchem software[www _hyper.com]. The molecular modeling 15 demonstrated in
Fig. 3-10, respectively tor compounds 7, 9, 10, 27, 33, 52, 539 and 73. The corresponding molecular
modeling parameters are presented in Table 7. In order to resolve our problem of selecting out the
HEPT derivative with the best quality and desired potential; we have carried out further regression
analysis using the molecular modeling parameters from Table 7.

Fig. 3: Optimized structure of Comp,. No. 7

Fig. 4: Optimized structure of Comp. No. 9
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Fig. &: Optimized structure of Comp. No. 27

Fig. 7: Optimized structure of Comp, No. 33
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Fig. 8: Optimized structure of Comp, No. 52

Fig. 10: Optimized structure of Comp. No. 73
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Fig. 11: Graph obtained between calculated and observed log1/C values from Eq. 7

Table 7: Molecular modeling parameters for compounds having minimum residue

Comp. No. TE DpM EMSg
7 33.21 1.4749 049871
9 41.21 3,238 1.6560
1 [5. 18 3438 010534
17 3.73 3.384d O.0s74
33 | 7.66 3481 00772
52 T.78 3560 LEREEY
59 877 2,950 00,3940
73 7.94 3. 186 00960

*TE = Total Energy, DpM = Dipole Moment, RMSg = Root Mean Square Gradiant

Non-of the modeling parameter shows the significant univariate correlation but result obtained
from bivariate correlation is significant and model is shown below:

logl/C = 2.222(+£1.4249) EM5g - 0.1155 (£0.0621) TE + 6.7910 (7)
n=H8, Se= 09846, R = 06420, F = 1.753

Equation 7 demonstrates that the compound having the minimum Total Energy (TE) and highest
RMSg is favorable for the inhibition activity against RT's for the HEPT derivatives. Graphical
representation of the model (Fig. 11) shows that the compound no 27 has the maximum predictive
potential and most suitable for the modeling.

Conclusions

From the result and discussion made above we conclude that the classical physicochemical
parameters can be used successfully for modeling inhibition of reverse transcriptase-1 by HEPT
derivatives and that for the present set of HEPT derivatives MV is find to be prominent. The results
also indicate that combination of classical physicochemical parameters and molecular (3D) modeling
can be used for select the compound with potential activity.
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