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3.32 nSANYY CoMFA 183BYN USRI

Tunsdne CoMFA vewhdudimeeuiusvesiiusuewlnimstrowes 1o
31 Wadiumsdudsaiunmsdnsiusyiufrenddemmu - wasinmsdmantiaues
probe atom ULLFAMN 1] WATHATEINITATNULLANASY CoMFA WU probe atom Tiia
sp C (+1) UAZAN grid spacing 2 A WWuaadl¥lumsed 3.3.6 uas 3.3.7 annsAnEwL
PULUAADT CoMFA (model 8) ﬁﬁﬁqmﬁm rzm = 0.771 WA NADHE | lAur s-press
7 0.612 UAZ noc = 3 AINNTHATITIEURITFENRINILLA I BINLINSURTATENULLA
wainuerddninsaumintidngaunssudueulninsdowmies ta 31 998 mutant
type (£13 81.8% uae 18.2% mudnau \ilelFaiauudrasuuniadu v ild @ = 0.941
F1 standard error of estimate = 0.312 A1 F = 195.028 AmMsinnefimnwlinig
Fuds  AlFanuLLSaBe CoMFA (model 8) IHuamalunni 3.3.5

A mlunisduds ¥ AFnuuLsness CoMFA (model 8)
dmFLayAuTIeuAMAUNGY test set 4w 23 Tanailfuanallumnsed 3.3.3
WATUWLLAADY CoMFA manan linanmsimnaiaiusnond miubuanaldifiuasig

mMstausfunInsinadudeRtireeslniaswunde SumsBauunamein
unzuuuBanInsauARn  TnaNULUURIRDY CoMFA ﬁﬁﬁqmﬁuuﬂm‘l&;‘luﬁmmLﬁmﬁ’u
msAn ey RLTIe AN ndnAsuaadlusLBN AR Fauandluniwi
3.3.6 usz 33.7 LLﬁ:&mc-"fﬁmmﬂmw%wﬂmimﬂ:ﬁ'iu?iﬂgmu'lu hydrophobic cavity 7i

fiansdy Teasfidoutos lumeinnearmeiuaniweedarssin il ss@nining

[ ]
31 .
L]
[ )
o7 e T
E ...
[ »
= * % t.
T N
1 -
2 .«
— -
3G bl
| ;
."
4 - .\
3 -
3 4 5 6 7 3 9
Experimental log(L/Cy

M 335 niuassannudusnwlunmstudasulodnisorouny we la 51 189

ayutreaRty RiFannmasssuarmeiuneinsuuudass CoMFA (modet 11)
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= o o e o o "\\ ' =l [ a L =
15799 3.3.6 ATULLUAIRES CoMFA duiurindupniwlunisdiudanstrauuues la 3-1 assapiufaedilu nednsinsuiufowsien.

probe atom

Model  Probe atom  Field type noc r, s-press 1 S F Cutliers{residual} Steric contb’

Y

1 mﬁ..,OTi both 0570 0854 0847 (510 77.590 cpd.39(-1.197) 79.3
0.541 0883 0822 0549 64 863
0.369 1.023 0731 0668 £B.468
0.594 0.831 0860 0487 86.247 cpd.33(-1.005) 79.6
0.579 0846 0832 0535 69.179
el 0.368 1.023 0731 0668 58.468

3
3
2
3
3
2
3 H{+1) both 3 0544  (0.880 0850 05605 79.079 cpd.28(1.05) 74.7
3
2
3
3
3

st

el

A sp Of-1) both

st

0541 0883 0822 0549 64863
0369 1023 0731 0668  58.468 P
0629 0796 0877 0.450 97.07 cpd.46(0.908) 79.5
0603 0822 0847 0519 72.74
0475 00958 0880 0458  73.344
5 sp’0(-1.0) both 3 0657 0756 0887 0434 104743 cpd.39(1.01) 79.7

st 3 0629 0786 0853 0494  77.669

el 4 0533 0894 0900 0412  88.238

4" sp'0(-1.0) both
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A5 3.3.6 (Fi)

Model  Preche atom Em._a type noc r., g-press I 8 F Outliers {residual)  Steric contb’
G sp O(-1.0) both 3 0689 0712 0801 0402 118543 cpd.15(0.996) 80.2
st 3 0.660 0.744 0869 0.462 86.547
el 4 0471 0941 0830 0430  76.565 _
7 sp O(-1.0) both 3 0.721 0680 0919 0367 143049 cpd.40(0.901) 815
st 3 0.700 0705  0.897 0413 110.53
el 4 0.469 0951 0899 0414 82.425
g’ Sp’O(-1.0) both 3 0.771 0612 0941 0312 195.028 cpd.21(0.662) 81.8
st 2 0.741 0644 0920 0363 141.242
el 2 0.487 04806 0785 0.586 69.785

‘conventional 1. "steric contribution m %, ° elithination of compd. N.33, (temaining 45 compds 1n the training set), " elimination of compds N. 33 and 46, (femaining 44 compds

in the training set), ” elirnination of compds N.33, 46 and 39, (remaining 43 compds in the training set), 'eliminations of compds N.33, 46, 39 and 15, :mBmSEQ 42 compds in

the training set), ' eliminations of compds N.33, 46, 39 15 and 40, {remaining 41 compds in the training set).

- o 9 o ar e - ' al P 4 ar i o
A9 3.3.7 anuuusnaed CoMFA dmiuiuunnwlumsdudanisaiauuines 1o 3-1 vaeeywudaasilu Inadnminialiun duuslinued lactice

grid spacing WU 1A urz 2 A

kel

Probe atom  Crid (&) Noc r, spress I s F Steric contb’
sp O(-1.0) 1 5 0685 0868 0958 0273 182805 776
2 3 $.694 0831 0860 0487 86.247 79.6

*conventienal r' “stenic contribution m %
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MMIWN  3.3.8 Iﬂsaa‘?‘mmaa'[maqaagﬁuﬁﬁinﬁl’&lumsmaanmﬂummmlums
AusuaziaaInnudwamnlunsdugInlannisnasssnasmisiviwlasuuy
F1e89 CoMFA (model 8)

Cpds. R Y Y z Exptlog{ UC) Calc log{1/C}Y  Residua
Il H 0 H DMA 4.900 5.663 £0.763
T2 H 0 H 2-MA 4330 4,405 0075
T H 0 H CHICH2CH3 4.050 4037 0013
T H 0 H CH2C{C2HS)=CH2 4.430 4.423 0.003
TS A-CH3 (5) S H DMA 7.355 7.248 0.107
T6 A-CH3 (5) 0 H CH2CH=CH2 4154 4.796 0642
17 S-CH3 (8} 0 H CH2CH2CH2CH3 3.999 4.029 -0 030
™ S-CH3 (8) S 3-F DMA 8.235 7.613 0.622
9 5-CH3 () 0 8-Br DMA 7.324 7.501 0177
Tto 5-CH3(S) b 8-Br DMA BS521 8.273 0.248
111 S-CH3 (S) S 8-CH3 DMA 7.865 7.338 0327
T12 A-CH3 (S) 8 3-0-CH3 DMA 7.468 7256 0.212
TI3 A-CH3S) g 9,104t C1 DMA 7.592 6.938 0.634
T4 S-CH3(S) o 3-CN DMA 5.940 6.051 0111
TI3 S-CHHS) 8 8-CN DMA 7.250 6,630 0.620
TI6 CH3(S) 0 8-CH3 DMA 6.000 6.730 0.730
Ti7 S-CHXMS) S 10-0CH3 DMA, 5.330 6.352 1022
TI® 5-CH3(S) O 10-OCH3 DMA 5.180 5.906 -0.726
Ti9 5-CHIS) ) 10-Br DMA 5970 6.850 -0.880
T0 5-CH3(S) S 8-CHO DMA 6.730 6.548 0.182
T21 S-CH3(S) [} g1 DMA 7.060 7020 .040
T22 S-CHMS) s 8- DMA 1.320 7.1mM 0200
T3 3-CHMS) O 8-C=CH DMA 6.360 6.293 0.067

® Cakulated by CoMFA model 8
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MW 3.3.6 WWMWABWSINMISANY CoMFA (model 8) dmsunstiudaenlmitauuues Ta 31
w & =1 v B e A Ao an a K. e

Tasauiustasily aownsfduusmdeliduninuuusaaings aouisamaasise

flduesiGeuuuaeaind  uasuandleseaoadlienafily buanafl 36

Fofitasiuann umatiudigege
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MWl 3.3.7 WHAWARWYISINMIRNE CoMFA (model 8) dmumstiuds wulsfinamenuy oy
lo 31 wemyiuteedily rewiiAussusmsiiduniEenuuuBidnlaauanngs way

w6 i: o A o T A g ey 2
awhnhBuianaiedifuasiReuuudidnlasauadng  uasusalasssemaslana

il Tuianafl 36 Fefimashuamwlumatiudisgege
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Qs oy » ar o & o =

3.4 ’ﬂuﬂiﬂ‘iﬂﬂ‘iﬁi‘ﬁ’&']ﬁﬁ?ﬁlﬂﬂﬂlt@gkﬂﬂ‘l‘ﬂﬂ Lt 1‘3 -1

AINUHUNTN CoMFA ABWYIRIMANIssuInATAuLazaulmiuuy wide type uaz
wulmiluy mutant type & 3790F HAUDIANMUANFANIT VIS UR IR U 0L AN e
mrdusainultsieasstin nanAe N 3.3.2 1ALasnnIn CoMFA ApLnTAMABIIoL
7 WUUA R2 18479 tricyclic 301dniL Iasianisetiaidnndideawiniunsnesiiu
Tyr181 TaAswinituanyivhuinianusiasuamneusaunud - nansAnenilanseiu
pamMIMaRed inenumdeiulasaiadaioussudnareseulnd wa o 3-1 fudaduds 4
P \ o T , . P o N X ol e o o
iafuans Ny [31] Bldawsdiwunimiduadumi €2 Wudniiduniiienmy

. v >
residues MU binding site MadunasnmsAnaniasansHiRsaiuayudayasang
MATIAUDTY WInimsiaminznziuFonsey 7 wjununtesiiumds €2 aziinalinoiu
A lumstudaeaaiiasngudsdunsiisimincanivneslsndnues Tyrigt e
farmranirnaivessaseypiusrsndniudomuinidliasafupnlanaivwiaanada
a = ; . < ol - rao 1 . .
FUKANYIANT NATABIINNITLRELINIUATARUETIG W C2 (2 alkyl derivative) T
o ' E.3 o=d =i| -ﬂll ci' ] 1 a -
DUNUTVBIHITING Tmﬂqﬂw 4 Ltﬂ:TquﬂVI 6-7 (MTNAN 2.1) wuihaniudunnwlunag
v [l d 1 1 >

FUHIAARUTDNMIRNTAAMUNENZINUYUNIARLUSRASRILMY  C2 uanaintuda
W TW COMFA electrostatic ABwing Beuanslauasyinfdundluniwi 3.3.2 Uitaseu
i C2 wu wass i wensindanusin lufusuiausmyunuiiude - aag
AN TNTHNISRNAIEMWILLLIAIBIANATaUME  uazdle RN INHANTIARBIA WL
T msENuLLRs i C2 i 2-F (wATRuliansh 10) uay 2-C1 (Wasiulnanai

Y , [ a e ar - o .- a o P b
11-13) 1 FrelilnsRniuiuenmwlumsduds nglewzedninudnfiuluenah 12 1
nldnduluenaidauaen lumsdudusuleinie wide type 8940 (experimental log
(1/C) {A1 7.999) & mFL CoMFA electrostatice Aswng Auamlasasuwindaundu Taa iy
41 vdiondlndiAssiu Glu138 AsHANMUIULBLANATAUERE 7] UATAITINNULININIYEY
TarafrsermtiuTamisnadisag wasiuldanuunimeayiaiddeinuacald uaainnig
o Ea o G A A e e se o nwe o
AneRlsaivayunantmasesiwuiawdautiumjugiannwnd €2 M tmeiurnw
Tunsdudagatu (wiriuluanan 30-33 Tuasan 2.1)

AMMFun1sRasnfunsiiensuinaiadudiiuensinMdmsnaraiuganuuunw
CoMFA ABWYIDS (MW 3.3.4) TRIMUSMIMINTIFIWING C2 TUAsiinstRuAMNEIENIN

TuioRuAu R wlumsiugs  winnaveanjumsigndnaleorowini@ass Taudie



62

#aswandeyalasaaiveesindudiudaniiud  deinnnatemyuuinawnis C2
Talusnareandsiulienad 1, 2, 4 uaz 10-13 M MRRATTuIRM Wl 3T widn

LY

pusmemsunuisanan lug it wululusnaresdniuluena?d 17-20 nduinlisn

=|

AR UBNRINTUdT LT WTeS electrostatic paIR I Incan UL R1 parind
fumyjorily Glu138 ﬁfuuﬂmﬂﬁLﬁud'\mﬂﬁummLﬂuﬂ?:f-}mn'luu‘%mmﬂ FathileRanson
Thnsirrestuianandniud 30-33 %'\:ﬁm_niunwﬁLﬂumﬁuﬂ?ﬁﬂﬁﬁmmmﬁ Az lddmyueia
“Lmﬁmum'Lﬁummm:n:mn%uuﬁiﬁmﬂudmﬁ‘a‘m'}’uﬂi:fa_mn“lﬁ’iLﬂuﬂtmﬁLm:muwmﬁuﬁu
s lunssudaeulnfata mutant type WewSuuwaylugauausmnn electrostatic
pannf dwFuioulnioiin wide type U mutant type wdanwwdn Saamadtsedaie fadu
wnedAAaLa AT IUlenaR 3033 SfNtumnimlumstudaidiseeylnii
apauuuliifhuagnad uananiudanninacminznz i Runiinddeiim ity
Frmiaf €5 uamihafegindfunsmexiitu Tyr188 uaz Trp229 Ineazifiuldainuanis
yoaesiuan e 2.1 Ausnaunudiidhum CH, Adumi C5 aziumimsiumnnin
giudenBoudeuiibifwiondt (R3S = H) anuamsAnunetasqldddunsieen
rs:udﬁoﬁqﬁuéﬁqﬁULﬂu‘lﬂnﬂﬁﬁm mutant type tha fFumsReuLLameInuaTBIEN TR saumAN
TnafisumsmsouuuauAdnifugausas lun s B damssuiuewlsd  (binding)  Audauss
m:muﬁ’a‘ﬁeﬂumﬁmﬁﬂmmmiumqa‘?‘imm:ﬂu Tt it dniudhisou

#imtosnndunsisumuunameInieilulutEinm hydrophobic cavity 1asoulasl

» ol o [ T
35 meaanuwuuluanadsiuiniidszansangs
= Py -1 ° o ek

HARINATANENIFAIN QSAR uaz CoMFA LﬂuwugmﬂWﬂmme‘nqtslunW?ﬂanLu_l'u
Tmsaaluans lmuniidsz@aninnga Tatawrzatndimsdiuncaulaseaiaiuas
fANTUNAINUKLATH CoMFA ABwiag uszlfuuusnaes CoMFA MRTignuausiazayiig
vrnsAmaiunn  ueziiuanahismniunmwnsdudueuledien o 31 geged
Luananfoudou  samainnshians indidssaninmmgereseiusuinfuuesAtuld

wara 1 l1mN590 3.3.9 - 3.3.10 MUSHU



63

351 masuanuriassairaeyiusrednAulninTfutunmwas
GraanmisRarsanadniiuly mqﬂ'?'i 32 vz Duana A TR 3.3.9 Safleniuue
mwmstudaeulmioiia mutant type aan (log (1/C) = 7.397) gdﬁﬁtﬂ’ﬁumr}ﬂ‘ﬁlﬂummﬂﬂ
whsufsumiudusmwiutianalml  Tagannmsauitudiag CoMFA model 11 azlidn
msmnsfaiurnmastuensiiiu log (1/C) = 7.279 uazas Wi Bou feusel
andiulFindevmasulRomund R1 Widuezren H (Buanadl 1-10) vie ny
SaAntu " viv Tmﬂrgﬂﬁ 11-24 Fanaslupnsaf 3.3.9 AfiunnmazsndA TR
vosluanaildiduwinnBouioy widssssfoumumi R1 Wiy pyrrolyt vise wy
pyrrazolyi (Tmﬂrgﬂ'?'i 25-29) W&wuidn ﬂ’m’l?ﬂﬁmuﬂFiﬂﬁhﬁléﬂﬂ'}W%HEﬁﬂﬂLﬂW’]:'Bti’N?ng:
4-pyrrazolyl 1‘7};‘3mm?ﬁwmaﬁuﬂumquqnfhiuLﬂr]ﬂLxﬁUULﬁﬂuﬁﬂ A1 log (1/C) = 7.308
maFudsulrnaiarestiensndnidiaton wi R2 R3 uas R4 sield Fawy
wy R4 Hdeanrieludrussinnauaracuenfresais e FnuidoRarsaninsairoues
Tanafuiu Aol idun Tuanad 30-43 wusmsUFWAEIM R2 u NO, Tuliianadi
43 Q:’!ﬁmﬁwmﬂr‘mﬁuﬂmwz_gqffujmﬂu log (1/C) = 7.595 Vi §aenAdoafy CoMEA AaLwiag
ﬁmuﬂuuzdmg R2 A3aziinaiiin electrostatic interaction At
' Lﬂaﬁm‘:mﬂm?ﬂ%'mﬂgwmgLmuﬁ"luﬁmmi\: R1 uwy pyrrolyl WAz pyrrazolyl 73
mawmimslussiang1s n uluanates 44-64 wudr Wanmsinneiuiusnineg
g2 7.127-7.361 loadluans 64 ﬁﬁu&uwuﬁﬁtﬂu 5-Cl-3-pyrrolyl AMavinunsiudumnw
finam deRansnnmaliunaoulaseairalubuanad 65-84 wud buanai 72 75 81 uaz
84 Baflv Rt £l 3-substituted-d-pyrrazolyl uazmy R2 1 F uaz NO, Taeil R3 uaz R4y
Wi} CH, Waz CHCH,CH, RINaAY "tﬁmv‘hmﬂﬁuﬁummwmi‘é’ué’qﬁﬁﬁqmnmﬁaﬁmﬂfni‘lu
193 7.609-7.626 uﬂ:Lﬂuﬁqqﬁu;}’ummwﬁqqnfhhLﬂr}ﬁuﬁﬂmﬁﬂmﬂuﬂﬂwmn
Tmm%’wwmiuLﬂqﬂ'ﬁ‘ﬁﬂ"lm?ﬁwmﬁﬁuﬁummwﬁﬁmﬁﬁ azldilURansuienn
nsfannmiasaseusumn el uareraiidoutattumsimnnsadudaeuloims

fenuLiet 1o 3-1 Neme il luawes
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o [ P P a = =4 P
51en 3.3.9 wamalassaivesluena il dnin g e soyiuireand sy 7
inasaeulndinisirawuuies 1o 3-1 986 mutant type wasinssiuurRiae LU

41589 CoMFA Viavam (model 11)

Cpds. Rl R2 R3 R4 Caled.
- log (1/C)

A 3-pyrrolyl H CH3 CH2CH3 7.279

1 H H H H 5.834

2 H H H CH3 5.981

3 H H H CH2CH3 6.240

4 H H H CHCH2CH 6.150

5 H H H CH(CH3)2 6.123

6 H H H CH2CG6HS 5.666

7 H H H CH2CH2CH3 3.372

8 H CH3 CH3 CH2CH3 6.013

9 H H CH3 CH2CH3 6.343
10 H CH3 H CH2CH3 6.091
11 CH3 H CH3 CH2CH3 6.382
12 CH2CH3 B CH3 CH2CH3 6.031
13 CH2CH2CH3 H CH3 CH2CH3 6.194
14 CH(CH3)2 H CH3 CH2CH3 5.933
15 F H CH3 CH2CH3 6.937
16 (I H CH3 CH2CH3 6.614
17 Br H CH3 CH2CH3 6.625
18 NH2 H CH3 CH2CH3 6.504
19  NHCH2CH3 H CH3 CH2CH3 6.459
20 N(CH3)2 H CH3 CH2CH3 5.774
21 N(CH3)CH2CH20H H CH3 CH2CH3 6.658
22 OH H CH3 CH2CH3 6.402
23 OCH3 H CH3 CH2CH3 6.481
24 SCH3 H CH3 CH2CH3 6.252
25  2-furanyl H CH3 CH2CH3 6.820
26 3-furanyl H CH3 CH2CH3 6.953
27  2-pyrrolyl H CH3 CH2CH3 6.990
28  3-pvrrazolyl H CH3 CH2CH3 7.139
29  Jd-pvrrazohl H CH3 CHCH2CH?2 7.308
30 3-pyrrolvl cl CH3 CH2CH3 7.279
31 3-pyrrolvt Br CH3 CH2CH3 ) 7.282
32 3-pyrrohvt F CH3 CH2CH3 7.273
33 3-pvrrolyl CH3 CH3 CH2CH3 741t
34 3-pyrrolyl OH CH3 CH2CH3 7.312
35 3-pvrrolyl OCH3 CH3 CH2CH3 7.391
36  3-pvrrolv] NO2 CH3 CH2CH3 7433
37  d-pvrrazolvl Cl CH3 CHCH2CH?2 7.385
38 J-pvrrazolvl _Br CH3 CHCH2CH2 7.397
39 J-pvrrazoivt F CH3 CHCH2CH? 7.375

40  Jd-pvrrazohyl CH3 CH3 CHCH2CH2 7.492
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A9 3.3.9 (¢iB)

Cpds. R1 R2 R3 R4 Caled.
log (1/C)
41 d-pvrrazohyl CH CH3 CHCH2CH2 7.377
42 J-pyrrazolyl OCH3 CH3 CHCH2CH2 7.483
43  d-pyrrazolyl NO2 CH3 CHCH2CH2 7.595
44  5-CH3-3-pyvriolyl H CH3 CH2CH3 7.237
45  5-OCH3-3-pyrrolyl H CH3 CH2CH3 7.191
46  2-Cl-3-pyrrolvl H CH3 CHCH2CH2 7.269
47  2-Br-3-pyrrolyvl H CH3 CH2CH3 7.223
48  2-F-3-pyrrolyt H CH3 CH2CH3 7.194
48 2-CH3-3-pyrrolvl H CH3 CH2CH3 7.1535
50 2-OCH3-3-pyrrolvl H CH3 CH2CH3 7.127
51 2-OH-3-pyrrazolyl H CH3 CH2CH3 7.207
52 3-Cl-4-pvrrazolyl H CH3 CHCH2CH2 7.256
53 3-Br-4-pvrrazolvl H CH3 CHCH2CH2 7.259
54  3-F-d-pvrrazolyl H CH3 CHCH2CH?2 7.243
55 3-OH-3-pvrrazolvl H CH3 CHCH2CH2 7.154
56 3-CH3-4-pyrrazolyvl H CH3 CHCH2CH2 7.196
57 5-Cl-4-pyrrazolyl H CH3 CHCH2CH2 7.229
58 3-Br-4-pyrrazolyl H CH3 CHCH2CH2 7.244
59  5-F-4-pvrrazolyl H CH3 CHCH2CH2 7.256
80 3-CH3-4-pyrrazolyl H CH3 CHCH2CH2 7.133
61  3-OH-4-pvrrazolyl H CH3 CHCH2CH2 7.187
62 3-QCH3-4-pyrrazolv! H CH3 CHCH2CH2 7.153
83 3-CI-3- pyvrrolvi Ci CH3 CH2CH3 7.361
64 5-Cl-3- pvrrolyl Br CH3 CH2CH3 7.364
65 5-CI-3- pyrrolv! F CH3 CH2CH3 7.357
66  5-Cl-3- pyrrolyl CH3 CH3 CH2CH3 7.486
87 35-CI-3- pvrrolvl OCH3 CH3 CH2CH3 7.302
68 5.Cl-3- pyrrolyl OH CH3 CH2CH3 7.545
69  5-Cl-3- pyrrolvi NO2 CH3 CH2CH3 7.522
70 3-Cl-4-pvirazoly| cl CH3 CHCH2CH?2 7.406
71 3-Cl4-pyrrazolyl Br CH3 CHCH2CH2 7.423
72 3-Cl-d-pyrrazolyt F CH3 CHCH2CH2 7.622
73 3-Cl-4-pvrrazolyl CH3 CH3 CHCH2CH2 7.5324
74 3-Cl-3-pyrrazoiv] OH CH3 CHCH2CH2 7.527
75  3-Cl-d-pyrrazolyl NO2 CH3 CHCH2CH2 7.616
76  3-Br-d4-pyrrazoivl Cl CH3 CHCH2CH2 7.408
77 3-Br-4-pvrrazolyl Br CH3 CHCH2CH2 7.427
78  3-Br-d-pvrrazolyl F CH3 CHCH2CH2 - 7.395
79  3-Br-d4-pyrrazolyl CH3 CH3 CHCH2CH2 7.330
80  3-Br-d-pvrrazolvl OH CH3 CHCH2CH2 7.573
81  3-Br-4-pyrrazolyl NO2 CH3 CHCH2CH2 7.617
82 3-F-4-pvrrazolyl CH3 CH3 CHCH2CH2 7.362
83  3-F-d-pyrrazolyl -OH CH3 CHCH2CH? 7.568

84 3-F-d-pyrrazolyl NO2 CH3 CHCH2CH2 7.609
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352 maauauuzlassadbmivaseyiufassituRinuiunnings

mmﬂmmu‘hjmqﬂﬁoﬁuéﬂunduwﬁ’uﬁﬂmﬁh&u PRarsumnsuasuiag
a¥raslianaitdiiufuBiuidioy Tuitreluenas 36 Tumsad 2.3 el @ana B Tusn
197 3.3.10 Tanerdiuumnn CoMFA aswing uasymunasiuiunnminguundnaes
CoMFA model 8 v;"qf':nwﬁ'}mmmﬁuﬁummmmTumqmﬁamﬁﬂuﬁf-‘mﬂu log (1/C) =
8.293 Falirn Ind Assfupiuiumn e nn maassnn

AINUNUNTH COMFA ABWIAT (m’mn‘ﬁi 3.3.6 Uz 3.3.7) wudm:;iuwu‘v"iu’%mm C2 vea X
Sufermdmzuazdrivegfeesmen S vije O dmilmiund 2 il mdrialud
AW IAUAZANINYVENATE 1D 'lum?ﬁm?mwﬁumnﬁqﬁﬂm?ﬂi‘uLﬂ%iﬂumww:mait.mw?‘i R 184
Tuanaiity dhanjdadesne - fuanslulianail 1-20 azuldintuanasing 4 e
msvinnuiuiurn s luenanFuudion tnaluianad 1 7w R = 5-CH(S) uasildn
log (1/C) = 7.770 WievinTuianadi 1 ﬁmﬁmmmi%’mﬂﬁjaumg Z Wuanefianueneng
Asulnanadt 2134 wuhiualaneiefianmnseismsnuefsiumnimgandtuians
WRenidey nanAeluena?l 33 upr 34 sy Z i CH,CCI=CCH,BrCH,CI uax
CH,CCI=CCH,CICH,C! WiariuTumn i log (1/C) = 8.310 uaz 8.308 mMuA6L
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Aoweuladnisdisuuue 1o 31 wesinnuAalunnmisuuudiaes CoMFA ARTge

(model 8)
Cpds. R X Y Z Expt. Calcd.
- log(1/C} log(1/CY’
B 5-CH3(S) S 8-Cl CH2CH=C(CH3)2 8300 8293
I 5-CH3(S) S H CH2CH=C(CH3)2 7.770
2 5-CH3(R) S H CH2CH=C(CH3)2 7.421
3 5-CH2CH3(S) S H CH2CH=C(CH3)2 7.621
4 5-CH2CH3(R} S H CH2CH=C(CH3)2 7.442
5 5- CH2CH2CH3(S) § H CH2CH=C(CH3)2 7.571
6 5- CH2CH2CH3(R) S H CH2CH=C(CH3)2 7.416
7 5-i-Pr(S) S H CH2CH=C(CH3)2 7.331
8 5-i-Pr(R) S H CH2CH=C(CH3)»2 7.431
9 3-CH=CH2(S) S H CH2CH=C(CH3)2 6.532
10 5-CH=CH2(R) S H CH2CH=C(CH3)2 6.003
11 4-CH3(S) S H CH2CH=C(CH3)2 7.281
12 4-CH3(R) S H CH2CH=C(CH3)2 7.542
3 4-CH2CH3(S) S H CH2CH=C(CH3)2 7.270
14 1-CH2CH3(R) S H CH2CH=C(CH3)2 7.348
15 4-CH2-CH2CH3(S) $ H CH2CH=C(CH3)2 7.000
16 4-CH2-CH2CH3(R) S H CH2CH=C(CH3)2 7.169
17 3-i-Pr(8) S H CH2CH=C(CH3)2 7113
18 1-i-Pr(R) ) H CH2CH=C(CH3)2 7.040
19 4-CH=CH2(S) S H CH2CH=C(CH3)2 6.199
20 4-CH=CH2(R) 5 H CH2CH=C(CH3)2 6.117
21 3-CH3(S) S H CH2CH=CHCH3 6.766
22 5-CH3(SY 5 H CH2CH2CH3 6.041
3 3-CH3(S) ) H CH2CH2CH2CH3 6.286
24 3-CH3(S) S H CH2CH=CH2 3.408
25 5-CH3(S) S H CH2CH2CH=CH2 3.469
26 5-CH3(Sy S H CH2CCIl=C(CH3)2 8.011
27 5-CH3(S) S H CH2CBr=C(CH3)2 7.998
28 5-CH3(S) S H CH2CH=CCH3CH2Cl 7.994
29 5-CH3(S) S H CH2CH=CCH3CH2Br 7.996
30 5-CH3(S) S H CH2CH=CCH2CICH2C1 8.063
3l 3-CH3(S) S H CH2CH=CCH2BrCH2Br, 8.072
32 5-CH3(S) S H CH2CH=CCH2CICH2Br 8.068
33 5-CH3(S) S H CH2CCI=CCH2BrCH2Cl 8.310
34 5-CH3(S) S H CH2CC1=CCH2CICH2C]I 8.308
33 5-CH3(S) S 8-Cl CH2CCl=CCH2BrCH2Cl1 8.833
36 5-CH3(S)y S 9-Cl CH2CCIl=CCH2BrCH2ClI 8.328
37 3-CH3(S) S 8-Br CH2CCI=CCH2BrCH2Cl 8.780
38 5-CH3(S) S 9-Br CH2CCI=CCH2BrCH2Cl 8.313
39 3-CH3(S) S 9-F CH2CCl=CCH2BrCH2C1 8320
40 3-CH3(S) S 8-CH3 CH2CCl=CCH2BrCH2Cl 8.747




68

AN9NT 3310 (58)

Cpds. R X Y z Expt. Calcd.
log(1/C) log(1/C)’

41 3-CH3(S) S 9-CH3 CH2CCl=CCH2BrCH2(Cl1 8.4i4
42 5-CH3(8) S 3.9-CLC] CH2CCl=CCH2BrCH2Cl 8.774
43 3-CH3(5) S 8.9-CLBr CH2CCI=CCH2BrCH2Cl 8.723
+4 3-CH3(Sy S 3.9-Br.Cl CH2CCI=CCH2BrCH2(l1 3.729
43 3-CH3(8) 5 8.9-Br.Br CH2CCIl=CCH2BrCH2Cl 8.173
46 3-CH3}(S) 0 3-Cl CH2CCl=CCH2BrCH2(l1 3.017
47 3-CH3(S) O 2-Br CH2CCl=CCH2BrCH2Cl1 7.936
48 3-CH3}(S) O 8-CH3 CH2CCI=CCH2BrCH2Cl1 7.899

" calculated by CoMFA model 8
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Summary

Uuantitative structure-activity relationships (QSAR) and Comparative Molecular Field Analysis (CoMFA) have
been applied in order to explain the structural requirements of HIV-1 severse transcriptase {HIV-1 RT) inhibitory
elivity of TIBO derivatives on the MT-4 cells. The best QSAR model is satisfactory in both statistical significance
ind predictive ability. The derived structural descriptors indicate the importance of electronic contributions toward
lie HIV-1 RT inhibition of this class of compounds. However, it could not reveal any hydrophobic influence be-
utise of high collineanty between C2 and log P variables, In order to cope with steric interaction in the correlation,
ID-QSAR was performed using CoMFA. The obtained CoMFA model shows high predictive ability, 12, = 0.771,
ud clearly demonstrates its potential in the steric feature of the molecules through contour maps, explaining a
uajority (81.8%) of the variance in the data. Consequently, these resulis can be useful in identifying the structural
equirements of TIBO derivatives and helpful for better understanding the HIV-1 RT inhibition. Eventually, they
provide a beneficial basis to design new and more potent inhibitors of HIV-1 RT.

introduction this inhibitor as well as of drug resistance has still not
been clarified. During complexation of HIV-1 RT with
TBO or tetrahydroimidazo-[4, 5. 1-jk][l. 4]-ben- NNRTIs, the side chain and backbone of residues sur-
diazepinone (Figure 1), one of the most specific and rounding the pocket adjust to each bound drug in a
gotent nonnucleoside reverse transcriptase inhibitors common fashion. These results reveal that this protein
INNRTT) of human immunodeficiency virus type | is able to accommedate inhibitors of different chemi-
IHIV-1) replication, and its derivatives were developed cal structures. The flexibility of the HIV-1 RT binding
By Pauwels et al. [1]. The available kinetic [2—4] and pocket implies that it may be nol feasible to generate a
sructural [5-7] studies make it clear that NNRTIs in- generic NNRT binding site that could be used to model
fibit the enzyme noncompetitively and they all bind RT in the search for more potent drugs.
ila common allosteric site in HIV-1 RT. However. the Our previous studies on HIV-1 RT inhibitors indi-
elfectivity is reduced by the very rapid development of cated that electronic and molecular properties of the
lrug-resistance mutations [8]. This causes a limitation inhibitors obtained from quantum calculations can be
luthe potential utilization of this inhibitor. Numerous used as the structural descriptors [11, 12]. By con-
eperimental investigations on complex structures of sidering the common features observed with these
HIV-1 RT with TIBO and other NNRTIs [9, 18] have chemically divergent NNRTI, we have attempted to
ieen performed, however the mechanism of action of investigate the functional roles of particular groups.
In order to get a closer insight into the structural re-
‘b whom correspondence should be addressed. E-mail: fs- quirements for a powerful inhibitor, we have extended

Wph@ku.ac.th: Tel. 066-2-9428034; Fax. 066-2-5793955. . . .
ouwr studies o include a series of compounds that show
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Figure {. General struciure of wetrahydroimidazo [4.5.1-5kI[1. 4]
benzodiazepinone,

widely different potencies. The compounds studied
belong to the TIBO chemical series (Table 1).

In an attempt to cope with such problems, it is
required to have a precise and detailed understand-
ing of the important structure-activity relationships.
Therefore, a quantitative structure-activity refation-
ship (QSAR) study [13] was performed. In this pro-
cedure, atomic net charges obtained from molecu-
lar orbital calculations were used as the electronic
descriptor. In addition, lipophilicity (log FP), mo-
lar refractivity (MR) and molar polarizability (POL),
were used as molecular properties. In order to use a
more general approach to deal with steric interaction,
Comparative Molecular Field Analysis (CoMFA), de-
veloped by Cramer et al. [14], was employed. This
avalysis aims (o establish a relationship between HIV-
I RT inhibition of TIBO analogues and steric and
electrostatic fields around them,

In the present work, QSAR and CoMFA have been
performed for the first line with aims of (a) deter-
mining quantitative structure-activity relationship and
structural requirements of HIV-1 NNRTI in the class
of TIBO derivatives, (b} obtaining information about
the structural characteristics underlying the inhibition
of this class of compounds.

Methods of calculation

Biological duta

The chemical structures of 46 TIBO derivatives are
illustrated in Table 1. together with their biological ac-
tivities, expressed as log(1/C), where C is the effective
concentration of 4 compound required to achieve 50%
(ICsp) protection of MT-4 cell against the cytopathic
effect of HIV-1. The log(1/C) value was used as the

Fignre 2. Structure of TIBO. oblained from complexed struci
between TIBOQ and HIV-1 reverse (ranscriptase (9]: the atopy
aumbening as used in this study Js indicated.

dependent variable in SAR analysis. In CoMFA, thes
46 TIBO derivatives are used as training set. Add
tien of 24 compounds (compounds T1-T24) was done
in order to test the validation of the model (test s&
see Table 8). The activity data of these inhibitors wi
taken from References 15. 28 and 30.

Calculations of structural properties for QSAR
analysis

The starting geometry of TIBO (Figure 2) is obtamgl
from a crystallographic structure of the enzyme
inhibitor complex [9]. Modification of substituentsgl
all TIBO derivatives was done by ALCHEMY [11]16)
Full geomelry optimization of all structures was eds
ried out with the AM | semiempirical molecular orbild
method [17]. implemented in the GAUSSIAN 94 pie.
eram [ 18] on a DEC AlphaStation model 250/4 268
Consequently, partial atomic charges were derivel
Based on optimized geometry, molecular properiy
were catculated by the Chemplus 1.0 program |14
Molecular polarizability (POL) can be expressed @
the sum of atomic polarizabilities, plus correctionsde
pending on the types of bonds present. These hay
been presented as approximate sums of bond pe
larizabilities [20)]. The other investigated molecull
descriptors, MR and log £, were determined by (h
same procedure as described in the previous studl
[L1]. The multiple linear regression (MLR) ir SPSS
for Windows Release 6.0 [21] was used to developl




Tuble 1. Stracture of TIBO derivatives”, experimental and calculated log (1/C) HIV-1 RT inhibitery affinities

Compd. R X Y z log(1/O) Resitiual
No Experimental  Calculaled®
1 H S 8Cl  DMAS 7.340 3.006 —0.666
2 H S  0-Cl DMA 6.790 7.167 —0.377
3 5-CH2CH3 o - 2-MaAd 4.300 4.958 —0.638
4 S-CH{CH )y o - 2-MaA 5.000 5.051 —0.051
5 5-CH(CH3;; 0 - DMA 5.000 5.044 —0.044
6 5.5-di-CH3 0 - 2-MA 4,640 4.994 —.354
7 4-CH3 o - 2-MA 4.490 4.521 —0.031
8 4-CH3(S) $ 00 2-MA 6.170 6.578 —0.408
9 4-CH3 S 900 CH2CH(CH2);  3.660 6.416 —0.756
10 4-CH(CH3)- o - CH2CH2CH3 4.130 4.433 —0.303
1 4-CH(CH3)» o - 2-MA 4.000 4419 0.481
12 4-CH2CH2CH3 o - CH2CH2CH3 3740 3.598 0.142
i3 4-CH2CH2CH3 o - 2-MA 4.320 4469 —0.149
14 7-CH3 o - CH2CH2CH3 4.080 5.021 —~0.94]
15 7-CH3 o - DMA 4.920 3.016 —0.096
16 7-CH3 0  &C  DMA 6.840 6.671 0.16%
17 7-CH3 0 9C1 DMA 6.790 5.787 1.003
18 7-CH3 s - CH2ZCHICH3 5.610 6.260 —0.650
19 7-CH3 5 - DMA 7.110 6.266 0.845
20 7-CH3 S 8ClI  DMA 7.920 7.932 ~0.012
21 7-CH3 S 9-Cl DMA 7.640 7.115 0.525
22 4 5-di-CH3cis) o - DMA 4.250 4.346 —0.096
23 4.5-di-CH3(cis) s - DMA 5.650 5.727 —0.077
24 4,5-di-CH3wrans) s - CH2CH(CH2);  4.870 4.725 0.145
5 4,5-di-CH3(trans) s - DMA 4.840 5.753 —0.913
26 4-keto-5-CH3 S  9«Ci CHICH2CH3 4.300 3.059 0.341
27 4.5-benzo s - CH2CH(CH2);  5.000 4.944 0.056
28 5.7-i-CH3(1rans) s - DMA 7.380 6.193 1.187
29 5. 7-di-CH3(cis) s - DMA 5.940 6.265 —0.325
30 5.7-di-CH3(R.R: trans) O  9-Cl  DMA 6.640 5771 0.860
3l 5.7-di-CH3 (R.R: rans) S  9-CI  DMA 6.320 7.012 —0.692
32 5.7-di-CH3 (5.5: trans) 0O  9Cl DMA 5.300 5.127 0.173
33 4,7-di-CH3(trans) s - DMA 4.590 4.423 0.167
34 3,6-CH2C(=CHCH3)CH2(S) S 9-Cl - 3.420 6.126 —0.706
35 6.7-(CH2)4 s 9C - 5.700 6.934 —1.234
36 5-CHIS) $  §Cl  DMA 2.300 7.880 0.420
37 5-CH3(S) QO 9Cl  DMA 6.740 5.840 0.900
38 5-CH3(S) S  9Cl DMA 7.370 7.066 0.304
39 5-CH3(S) $  9-Cl  CH2CH(CH2Y 7470 T 7.079 0.391
40 5-CHXS) 5 - CH2CH(CH2Y,  7.220 6.261 0.959
41 5-CH3 0 - CH2CH2CH3 4.220 5.127 ~0.907
42 5-CH3 s - CH2CH2CHS 5,780 6.285 —0.505
43 5-CH3 0o - 2-MA 4460 507 —0.611
44 5-CH3 s - DMA 7.010 6.281 0.729
45 5-CH3(S) o - DM A 5,480 5.054 0.426
46 5-CH3(8) s - 2-MA 7.580 6.237 1.344

ASee Figure 1.

b Calculated by Equation 5.
“DMA = 3.3-dimethylallyl,
d2.MA = 2-methylallyl.

565
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QSAR model. The validity of the model was proven
by muliiple gorrelation coefficients (r), standard devi-
ation {s) and F-test value. The reliability of the model
was indicated in terms of prediclive rz(Qz)_

Alignment rule and CoMFA analvsis

The alignment rule, i.e., the positioning of a molecu-
lar mode] within a fixed lattice. is the most impoytant
input variable in CoMFA. In this study, all TIBO
structures were Fully optimized by ab initio calcula-
tions with the HF/3-21G basis set. The availability
of crystallographic data for the HIV-1 RT/TIBO com-
plex structure offered a possibilily for alignment rule,
i.e., minimization within the active sile. To reduce
the computational complexity. a substructure sphere
of 12 A radius centered on the ligand of the in-
hibitor/enzyme complex was defined as active site.
The rigid fragments common to investigated com-
pounds were superimposed to the equivalent atoms in
a TIBO template molecule. Backbone atoms of the se-
lected active site were kept rigid during minimization.
Side chain atoms and ligand atoms were allowed to re-
lax. After minirization, these ligands were extracted
from the active site. For the active site, partial atomic
charges were loaded from the SYBYL Biopolymer
dictionary {(Kollman all atom method). Partial aromic
charges required for calculations of electrostatic inter-
action were computed by the MOPAC program [22]
in SYBYL 6.4 [23], using the semiempirical method
AMI.

A CoMFA cubic lattice. with 2 A erid spacing,
was generated around these molecules based on the
motecular volume of the structures. These dimensions
ensured that the grid extended beyond the molecular
dimensions by 4.0 A in all directions. In this investi-
gation, three different atoms, sp" carbon atom with +1
charge (default probe atom in SYBYL). sp* oxygen
atom with —1 charge and H atom with -1 charge,
served as probe atoms. The probe atom was placed
at cuch lattice point and the interactions of the steric
and electrostatic fields with each atom in the molecule
were all calculated with CoMFA standard scaling and
then put in a CoMFA QSAR table. In order 10 speed
up the analysis and reduce the amount of noise. the
minimum sigma value was set 1o 2.0 kcal/mol and
energy cutoff values of 30 kcal/mol were selected for
both electrostatic and steric fields.

For the CoMFA model, partial least-squares (PLS)
methodology was emploved 1o perform the correla-
tion between the steric and electrostatic properties

and inhibitory activity. The orthogonal latent var
ables were extracted by the NIPALS algorithm [241
and suhjected to full cross-validation (leave-one-ouf
method). The analyses were carried out with a mag
imum of ten components, and subsequently, using the
number of component (nuc) at which the difference iy
the »%, value to the next one was less than 0.02 [23];
Following the cross-validated analysis, a non cross
validated analysis was performed using the optimal
number of components previously identified and way
then employed to analyze the CoMFA results.

Predictive ability

The overall predictive ability of the analysis was ex
pressed in terms of Q7 or »2,. in QSAR and CoMFA;
respectively, which is defined s

Q% orrl= (SSY — PRESS)/SSY,
|

where 55Y represents the variance of the biologicat

activities of molecules around the mean value and

PRESS is the prediction error sum of squares derived

from the leave-one-out method. The uncertainty of the'

prediction is defined as '
SprEss = [PRESS/(n — k — 1)]'72,

|
where & is the number of variables in the model and ¢
is the number ¢f compounds used in the siudy.

Results

QOSAR analvsis

The following atomic net charges of various atoms in

tricyclic rings. N1, C2, N3, C4, C5. N6, C7, C&

C9, C10. CI1, Cl12 and C13, illustrated in Figure |,
were considered as electronic variables. In order to ag-
count for molecular properties of molecules, partition

coefficients (log P), molecular refractivity (MR) and

molecular polarizability (POL) were employed. All

investigated variables are presented in Table 2.

All possible combinations of paramueiers were cons
sidered to develop the QSAR model. A lurge numbe
of satisfactory statistical models was obtained. The
quality of models, judged by r, 5, F, Q2 and Spress.
was stanistically tesied. Consequently, Equations 1-9
were consecutively evaluated. Based on statistics for
the coefficients of variables of Equations 7-9 (Table 3)
and possible chance correlations [26] (Table 4), the
use of more than six independent variables was nol
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FEA Atomic net charpe and molecular properties for compounds in Table 1, used in the QSAR study

bz P MR  POL NI C2 N3 Cd

=

Cs NG 7

C8

Cco Clo

C1l Clz C13

L1630 56,453 34.436 —0.4068 0.0720 —0.2911 0, 1451
L1630 56.453 34.436 —0.4074 0.0745 —0.2939 —0.1421
1854 48.804 31.183 —0.4628 0.4604 —0.3211 ~0.1358
L5257 53.276 33.018 —0.4390 0.4508 —0.3274 —0.1318
5571 57.884 34.853 ~0.4324 04514 —0.3373 —0.1226
L4464 48917 31.183 —0.4342 0.4546 ~0.3406 —0.1216
| 4386 44.280 29.348 —(.4457 0.4457 —~0.3010 —0.05%9
L3730 56.263 34,436 —0.4074 0.0661 —0.2728 —0.0605
L3211 61.899 33.854 —0.4073 0.0749 —0.2876 —0.0437
L840 56.242 31.375 —0.4388 0.4470 —0.3056 —0.0430
15257 53.276 33.018 —0.4358 0.4495 —0.3140 —0.0397
L AK34 56,372 31.375 —0.4428 0.4443 —0.3058 —0.0500
f‘i.}i! 53.405 33.018 —0.4413 0.4454 —0.3001 —0.0556
L1969 47.246 27.705 —00.4446 0.4485 —0.3154 —0.1444
L1700 48.888 31.183 —0.4400 0.4475 —0.3175 —0.1244
L3328 $3.382 33111 —0.4372 0.4465 —0.3081 —0.1509
L5328 53.382 33111 —0.4517 0.4541 —0.3153 —0.1456
L2683 54735 30.865 —0.4077 0.0743 —0.2916 —0.1424
11319 56.377 34.343 —0.4080 0.0731 —0.2891 —0.1435
L4044 60.871 36.271 —0.4079 0.0671 —0.2827 --0.1489
L4044 60.871 36,271 —0.4075 0.0616 —0.2761 —0.1557
1113 52.306 33.018 —0.4483 0.4499 —0.3043 —0.0399
13829 60,795 36.178 —0.4077 0.0667 —0.2728 —0.0336
L2096 61.823 33.761 —0.4097 (.0766 —0.2798 --0.0028
1829 60,795 36.178 —0.9074 0.0638 —0.2652 —{.0553
15062 56.463 32.879 —0.4185 0.0679 —03371  0.3413
1844 47,138 36.081 —0.4068 00871 —0.2571  0.0668
13829 60.795 36.178 —0.4069 (L0792 —0.3000 —0.1342
L3829 60,795 36.178 —0.9072 0.0659 —0.2806 —0.1482
(5741 57.80) 34.946 —0.4476 0.4548 —0.3222 ~0.1375
14457 65.298 38.106 —0.4067 0.0774 —0.2996 —0.1352
L5741 57.801 34.046 —0.4369 0.4423 —0.2954 —0.1536
L1829 60.795 36.178 —0.4072 0.0640 —0.2679 —0.0624
1216 54391 33.662 ~0.4071 0.0883 —0.3119 —0.0777
(2881 57353 32.019 —0.4077 0.0682 —0.2844 ~0.1523
L1044 60.871 36.271 —0.4055 0.0790 —0.3014 —0.1348
L3308 53382 33011 —0.4454 0.4553 —0.3423 ~0.1360
4044 60.871 36.271 —0.4064 0.0782 —0.2986 —~(.1349
1211 6).899 33.854 —0.4074 0.0753 —0.2893 —0.14 14
1583 57.405 31.926 —0.4075 Q.0771 —0.2900 —0. 1404
1069 47.246 27.705 -0.4263 0.4465 —0.3215 —0.1380
L1685 54.735 30.865 —0.407) 0.0809 —0.3022 —0.1333
L4386 44,280 29348 —0.4390 04517 —0.3284 —0.1345
1415 56,377 34.343 —0.4068 0.0816 —0.3036 —0.1328
4700 48.888 31.183 —0.4375 0.4498 —0.3249 —0.1350

—0.1446 —0.3371 —0.0977
—0.1445 —0.3383 —0.0911
—0.0440 —0.3452 —0.0881
—0.0362 —0.3470 —0.0854
—0.0257 —0.3429 —0.0858

0.0488 —0.3349 —0.0892
—0.1125 —0.3684 —0.0781
—0.1119 —0373] —0.077)
—0.1292 —0.3487 —{.0850
—0.0924 —0.3924 —0.0487
—0.1055 —0.3823 —0.0706
—0.1019 —0.3928 —0.0610
—0.1138 —0.3677 —0.0777
—0.1422 —0.3385  0.0051
—0.1378 =0.3421  0.0033
—0.1372 —0.3430 —0.0017
—0.1380 —0.3429  0.0038
-0.1427 —0.3408  0.0048
—0.1424 —0.3354  0.003)

—0.0777
—0.1722
—0.1871
—0.1824
—0.1812
—0.1826
—0.1867
—0.1748
—0.1779
—{.1864
—0.1831
—{).1888
—0.1857
—0.1865
—0.1847
—0.0778
—0.1735
—0.1857
—0.1859

—0.1650 —0.1795
—0.06701 —=0.1745
—0.1775 =0.1932
—=0.1312 —-0.1862
~0.1837 —0.1841
—0.1830 —0.1848
—0.1785 —0.1893
—0.0690 ~0.1765
—0.0675 —0.1777
—0.1797 —0.186%
—0.1810 —-0.1859
—0.3058 —0.1895
—0.1787 —0.1885
—0.1789 —0.1883
—0.1797 —0.1878
—0.3664 —0.1829
—0.0698 —0.1804
—0.1779 —0.1857
—-0.1778 —0.185%

—0.1430 —0.3340 —0.0029 —0.0790 —0.1645 —0.1309

—0.1318 —0.3513  0.0084
—0.0424 —0.3357 —0.0008
—0.0164 —0.3790 —0.0694
—0.0449 —(1.3356 —0.0874
—0.0159 —0.3704 —0.0719
—0.0431 —0.3492 —0.0883

0.0508 —0.3603 —0.0615
—0.0478 —0.3418 0.0048
~0.0387 —0.3498 00112
—0.0474 —0.3407  0.0066
—0.0476 —0.3425  0.0054
—0.0284 —0.3546  0.0106
—=0.1092 —03718  0.0171
—-0.0737 —0.3252 —0.0890
—-0.1251 —0.3626 0.0168
—0.0438 —0.3433 —0.0954
—0.0420 —0.3423 —(0.0883
—0.0437 —0.3430 —0.0898
—0.0290 —0.3686 —0.0726
—~0.0288 —0.3679 —0.0728
—0.0488 —0.342] —0.0871
~0.0496 —0.3434 —0.0875
—0.0494 —0.3409 —0.0877
~0.0488 —0.3434 —0.0878
—0.0418 —0.3416 —0.0885

—0.1706
—0.1890
—0.1860
—0.1907
—0.186]
—0.1786
—0.1845
—0.1842
—0.1824
—0.1724
—0.1718
-0.1722
—0.1865
—0.1767
—0.1745
—0.0774
—0.1714
—0.1716
—0.1754
—0.1878
—0.1830
—0.1843
—0.1826
—0.1830
—0.1832

A01 51,768 32.508 —0.40069 0.0806 —0.2997 —0.1336 -0.04d44 —0.3410 —0.0914 —0.1844

—0.0707 —0.1756
—0.1769 —0.1913
—0.1770 —0.1871
—0.1771 —0.1885
—0.1772 —0.1868
—0.0615 —0.1833
—0.1758 —0.1850
—01783 —0.1858
—0.1793 —0.1856
—0.0712 —0.1789
—0.0709 —~0.1754
—0.0776  0.0315
—(.1865 —0.1876
—0.0713 —0.1740
—0.0713 01761
—0.166} —0.1799
—0.0714 ~(.1779
—0.0706 —0.1752
—0.0702 —0.1739
—0.1782 —0.1863
—0.1813 —0.1839
—0.1784 —0.1848
—0.1809 —0.1861
—0.1787 —0.1850
—0.1809 —0.1863
—0.1785 —0.1857

0.023¢ 00272 —-0.07%0
0.0318  0.0225 ~0.0917
0.0374  0.0107 ~0.0965
0.0z03  0.0162 —0.0991
0.0137  0.0302 -0.1032
0.0159  0.0289 -0.1020
0.0253  0.0086 —0.0971
0.0316 0.0127 —0.0866
0.0318  0.0246 —0.0892
0.0174  0.0126 —0.0994
0.0149  0.0176 —0.0997
0.0223  0.0136 —0.0968
0.0218  0.0041 —0.0939
0.0245 0.0149 —0.0938
0.0217  0.0135 -0.0910
0.0236  0.0171 —0.0694
0.0395 0.0128 —-0.0818
3.0213  0.0226 —0.0930
0.0215 0.0208 —0.0927
0.0238  0.0240 —0.0712
0.0314 0.0027 —0.0751
0.0271  0.0102 —0.0968
0.0211 0.0095 —0.0944
0.0206  0.0271 —0.04%0
0.0205 0.0104 —0.0950
0.0525 0.0219 —0.08%1
0.0235  0.0247 -0.0974
0.0198  0.0257 —0.0916
0.0204  0.0030 —0.0843
0.0359  0.0179 —-0.0841
0.0297  0.0270 —0.0835
—0.0033 —0.0033 —0.0757
0.020)  0.0111 0.0111
0.0271  0.0542 —0.0516
0.0306  0.0)16 —0.0694
0.0209  0.0344 —0.0763
0.0349  0.0174 —0.0895
0.0301  0.0247 —0.087%
0.0304 0.0222 —0.0897
0.0204  0.0209 —0.0978
0.0149 00174 0. 1017
0.0212  0.0252 —0.0999
0.0208 00174 —0.0947
0.0205  0.0247 —0.0984
0.0193  0.0172 —0.0982
0.0207  0.0237 —0.0939
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log(1/Cy = 16.743(£7.022)C8 — 3.320(+1.175)C2
—6.506(2.489YC4 + 6.473(+3.866)C9
—12.312(£11.227)C13 + 8.697(+) .474).

(n=46.r =0.869,5s = 0.662, ' =24.579,

0% = 0.677. Spress = 0.724), (5)

log(1/CYy = 13.604(+7.149)C8 — 5.415(£2.085)C2
—7.867(22.618)C4 + 5.054{%3.848)C9
—13.552(+10.671)C13
+0.491(+0.413) log P
+6.148(4:2.610).

(n =46, r = 0.887.5 = 0.626. F = 23.887.

0% = 0.712. Spress = 0.726). (6)

In the above correlation, s is the number of com-
pounds used to derive the model, F is overall F-
statistics for the addition of each successive term, and
values in parentheses are the 95% confidence limit of
each coefficient. The statistics for the coelficients are
suwmnmarized in Table 3. The correlation matrix for the
variables is given in Table 4. In order 10 examine the
predictive power of the model, a cross-validatien test
was performed on the data set.

CoMFA analvsis

Initially, a critical step in the construction of the
CoMFA model was the attainment of an alignment
rule. All TIBO compounds were fully optimized using
ab initio calculations with the HF/3-21G basis set and
the corresponding minimum energy conformers were
aligned as described before. The effect of the probe
atom was investigated for the reason that CoMFA de-
pends on the interaction energy beiween probe atoms
and molecules. All obtained analyses included both
field types. i.e. steric and electrostatic fields. In addi-
tion, separated analysis of only steric or electrostatic
field types was also performed. CoMFA with a de-
fault setting probe (sp*C) yietded a model with r,
of 0.570 (model 1) as shown in Table 5. Regarding
the other probe atom, sp’O (1), produced better 77,
(model 2, r2, = 0.594) than those obtained from sp*C
and H (+1) (model 3, rg\, = 0.544). It is important
to note that steric field type models indicate higher
predictive ability than that ohtained from electrostatic
field type models as shown in models 1-3.

The atomic charge of the sp*Q probe atom was
thus selected for the next investigation on the effect

of lattice spacing. The results of grid-CoMFA tests i
summarized in Table 6. The rf\, indicated that the gl
spacing set to 2 A was suitable. A decrease in anid
spacing leads to increasing the number of interactioy
energy values: however, it also increases the noisely
PLS analysis.

Discussion

(ISAR model

According to the QSAR models listed above. it W
found that all equations show statistical significance
The decrease of F-value on addition of more paramg:
ters into Equations 2 and 3, producing Equation §
indicates that the suilable equation would be either
Equation 2 or 3. However, the predictive ability (Qz)
was not acceptable as the (7 value should be greats
than (.6 [27). Therefore, only three models, Equations
4, 5, and 6 were considered to be reasonable pre
dictive models. A comparison of these three model
shows that the predictive ability of Equation 6 (¢%
is the highest (0.712). This equation contains C2 and
log P variables which show high collinearity (0.776
see Table 4). In order to evaluate the reliability of ol
variables in the equation, C2 or log P were excluded
from Equation 6. After taking out log P, the resultls
identical to Equation 5. By this procedure. omitting
(2 produced Equation 10,

log(1/Cy = 20.296(£8.597)C8
+9.036(144.550)C9
—4.928(43.044)C4
—0.417(£0.28) log P
-7.398(£13.414)C13
+11.2315(£2.126)

(n=40.r =0.797 5 = 0.807, F = 13.903.

Q2 = 0.536, Spresgg = 0.910) (10}

It is observed that the statistical criteria of Equation {0
were lower than that of Equation 5. In addition, such
a model contained one insignificant coefficient of CI3
as expressed by the confidence interval and F-statistics
(Table 3).

In comparing the quality of models, Equation 5 and
Equation 4, it is evident that Equation 5 shows higher
predictive ability (0.677). Consequently, Equation §
was considered to be the best QSAR model in the
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Table 5. Summary of CoMFA models with 46 TIBO compounds at difierent probe atoms

Model  Probe Field  Noc rg’v s-press 28 5 3 Qutliers Steric

atom lype (residnal contb?

| sp'w’CH—l l hoth 3 0.570  0.854 0.847  0.310 77590 cpd dR—1.197y 793
st 3 0541 (883 0.822 0549 64.863
¢l 2 0.369 1.023 0.731 0668 58.468

2 spl—i) hoth 3 0594 0831 0360 0487 86247  cpd.33(—1.005)  79.6
st 3 0.579 0.846 0.832  0.335 69.179
¢l 2 0369 1.023 0.731  0.668 58.468

3 H(+1) both 3 0.544  0.880 0.850 0.505 79.079  cpd.28(1.05) 74.7
st 3 0.541 .883 0.822  0.549 64.863
el 2 0369 1.023 0.731  0.668 58.468

4 sp30(—l.(J) both 3 0.629  0.796 0.877 0.459 97.07 cpd.4600.908) 79.5
st 3 0.603 0.822 0.847 0519 72.74
el 3 0475 0958 0.880  0.458 73.344

3¢ spO(—1.0;  bot 3 0.657 0756  0.887 0434 104743 cpd.301.01) 79.7
st 3 0.629  0.786 0.853  0.494 77.669
ol 4 0.533  0.894 04900 0412 88.238

o S}JSO(# 1.y both 3 0.689 0712 0.501 0.402 118.542  cpd. 15(0.996) 802
st 3 0.660 (744 0.869 0462 86.547
el 4 0471 0.94] 0390 0430 76.565

7 sprQO(=1.0)  both 3 0721 0.680  0.919 0367 143.049 Cpd.400.901) 815
s( 3 0700 0.703 0.897 0413 110.53
el 4 0.469 0,951 0.899 0414 8§2.425

it sprO(—1.0y  both 3 0771 0.612 0941 0312 195.028  Cpd.21(0.662) 318
sl 2 0.741 0.644 0920  0.363 141,242
el 2 0.487  0.905 0.785 0.586 69.785

1 ; 2
AConventional #<.
PSteric contribution in .

CElimination ol compd. N. 33 (remaining 45 compds in the training set).

9Llimination of compds N. 33 and 46 {remaining 44 compds in the (raining set).
“Elimination of compds N. 33, 46 and 39 (remaining 43 compds in the raining set).
YElimination of compds N. 33, 46, 39 and {5 (remaining 42 compds in the training set}.
“Tlimination of compds N. 33, 46, 39 15 and 40 (reimaining 41 compds in the training set).

present study, both in statistical significance and pre-
dictive ability. The variables used in this equation have
no mutual correlation as shown in Table 4. The multi-
ple correlation coefficient of this equation is 0,869 and
il accounts for 75.5% of the variation in the biological
data, The experimental versus the calculated affinitics
pbtained from Equation 5 are reported in Table | and
plotted in Fagure 3.

Inspection of the best QSAR model (Equation 5)
dpparently indicates the importance of electronic char-
itteristic contribution to the HIV-1 RT inhibition of
TIBO analogues. Among the atomic charge vartables,
five indicators, C8, C2, C4, C9 and C13 were found to
be the main parameters of influence in the correlation.

ltcan be seen from all QSAR equations (Equations
I-10) that atemic charge at the C8-position seems to

be the major contributor to the affinity. The positive
value of the coefficient for this term suggests that low
electron density on the CB-position correlates with in-
creased pharmacological activity. Therefore, the pres-
ence of a strong electron-withdrawing substituent at
this position is required. This is also in agreement with
the empirical observation that compounds substituted
by §-C) and/or 9-Cl atoms in the benzene ring are more
active than those without it [28]. Consequently, the
influence of the C9 parameter on biological activity
could be explained in the same manner. In contrast,
the coefficient of C2 showing a negative sign suggests
that the lower positive charge at such positions leads
to a higher affinity. Substitution of a sulfur atom for
an oxygen atom at the C2-position lowers the posi-
nve charge on the site. This was consistently found by
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Table 6. The statstic results with lattice grid space by | A and 2 A

2a

Probe atom  Grid  Noc r:_\. re -5 I Steric
(A) contb?
sp O(—10y ] 5 0.585 N.958  0.273  182.805 77.6
2 3 0.594 0.860  0.487 §6.247  79.0

3Conventional r2.
®Seric contribution in %e.
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Frgure 3. Comparison of experimental with calculated HIV-1 affini-
ligs (log( 1/C) oblained (rom conventional QSAR (Equation 5).

Kukla et al. [29] who reported that the replacement
of urea (one) with a thiourea (thione) at this position
always yielded much more potent derivatives. It may
be assumed that both sulfur and oxygen may be in-
volved in some charge transfer interactions with the
receptor. Considering the presence of the C4 atomic
variable in the correlation, it indicates the importance
of partial atomic charge on the carbon attached to the
R-substituent. Its negative coefficients bring the desir-
able optimum electron density at this position. Due to
there being a ring juncture between the benzene and
diazepine rings of C13, the changes of substitution at
several positions in cyclic nings also affect the varia-
tions of electron densities at each position, resulting in
pharmacological activity.

Regarding the molecular parameters employed in
the QSAR study. addition of a lipephilicity term, rep-
resented by log P to Equation 5, as presented in

9
g o *
L ]
. L J
o7 P T
= e
ol L -
5 o [ BN
2% e
E Poe%
= %
C s .
H
)
‘e
4 o ®,
3 . : . .
3 4 5 6 7 8 8

Experimental log(1/C)

Figure 4. Plot of calculated versus experimental HIV-1 RT i
tibitory affinities (log(1/Cy) obtaimed from non-cross-validation of
CoMFA model § for training sel compounds.

Equation 6. produced better statistical results. Hows
ever, a high intercorrelation between log £ and €2
{0.776, listed in Table 4) was encountered. Theré
fore, this model was found to be unreliable. It is als
observed that other molecular properties, i.e. MR
measure of substituent bulk, and POL were not &-
counted for in the obtained QSAR model. It could
be explained by the high collinearity between boli
vartables to each other and to C2.

It is interesting to note that atomic net charge of
TIBO analogues, carried out by ab initio geometrigal
optimization with HF/3-21G basis sets, were also used
as parameters in QSAR anaiysis. Nevertheless, wg
have consistently found that the quality of the QSAR
models, obtained by ab initio (on the HF/3-21G level)
charges, could not be improved, both in statisticil
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figwre 5. Plot of calculated versus experimental HIV-1 RT in-
Hihitory wlfinities (log( 1/C)) obtaingd from non-cross-validation of
foMFA model 8 for test sel compounds.

\
sgnificance and predictive ability. compared 1o those

\btained from AM | charges™*.

1
\C oMFA modef

Model 2 expresses a higher level of internal consis-
iency compared to the standard method (model 1),
fut one compound (compound 33) is significantly out
of line us shown in Table 7. Inspection of outliers
sbtained from other CoMFA models was done and
lie maximum residual value is shown in Table 5.
As compound 33 was found to be a maximum out-
lier, therefore, elimination of this compound from
the CoMFA analysis produced mode] 4. However. a
iesidual is stitl in the same range as obtained by com-
pound 33. The consecutive outliers, compounds 46,
19. 15 and 40, were then removed, resulting in models
13,6, 7 and 8, respectively. The final model, model 8,
Aatisfied both predictive ability (2, = 0.771) and
maximum outlier. The differences seen in connection
with these outliers cannot be explained by the model.
However, it was observed that the 4,7-dimethyt sub-
fiwents (trans)y of compound 33 are different from
sher di-substituents in these analogues. Compounds
Wand 40 seem very identical to each other, except that
the difference occurs in Y-substituent (9-Cl). Both are

Unpublished data.

§

Table 7. Experimentsl and calculated log ¢1/C)
HIV-1 RT inhibitory affinities of training TiBO

compounds, based onp CoMFEA analysis

Compd  Expt. Cale. Residuai
No. log(1/Cy  log( VO
1 7.340 7.305 0.035
2 6.790 7.197 —0.407
3 4.300 3.80¢ 0.4%4
4 5.000 4.603 0.397
5 5.000 5089 —0.08%
6 4.640 5.078 —0.438
7 4,490 4.661 —0.171
8 6.170 6.182 ~0.012
9 3.600 5.576 0.084
10 4.130 4.300 —-0.170
I 4.900 4.945 —0.045
12 3.740 4.073 —0.333
13 4.320 4.190 0.130
14 4.080 3754 0.326
15 4.920 5772 —0.852
16 6.840 7.065 —-0.225
17 0.790 6.477 {0.313
18 5.610 5.349 0.261
19 7.110 7.130 —0.020
20 7.920 8.266 —0.3d6
21 7.640 7.000 0.640
22 4.250 4.115 0.135
23 5.650 5.613 0.037
24 4.870 5519 —0.649
25 4.840 5.061 —0.221
26 4.300 5.039 —0.739
27 5.000 4.724 0.276
28 7.380 6.495 0.885
29 5.940 6.449 —0.509
36 6.640 6.070 0.570
31 6.320 64070 0.250
3z 5.300 5.689 —-0.389
33 4.590 5.595 —1.005
34 5.420 5.703 —0.283
33 5.700 6.321 -0.621
36 8.300 8.296 0.004
37 6.740 6.463 0.277
38 7.370 7.630 —0.260
39 7.470 6.469 1.001
4) 7.220 6.520 0.700
41 4.220 3.791 0.429
42 5.780 5410 0.370
43 4.460 4.762 —0.302
44 7.010 6.997 0.013
45 5.480 5.977 —0.497
46 7.580 6.605 0.975

2 Caleulated by CoMFA model 2.

573



574

Table & Structure and predicted log §{1/C) HIV-1 RT inhibitory affinities of the 1ested TIBO ¢compounds

Cpds R X Y z Expl. log(1/C)  Cale. logi 1/C)* Residual
bri R o H DMA 4500 5.663 —0.763
b2 H O H 2-MA 4.330 4.405 —0.075
bT3 H 0O H CH2CH2CH3 4.050 4.037 0.013
br4y  H O H CH2C({C2HS)=CH2  4.430 4.423 003
“Ts 55CH3¢S) S H DMA 7.355 7.248 0107
b1e  5CH3(S) O H CH2CH=CH?Z 4.154 4796 -0.642
bT7  5.CH3(S) O H CH2CH2CH2CH? 3.999 4029 —0.030
“T$  5-CH3(S) & &F DMA 8.235 7.613 0.622
T9  5CH3I(S) O 8-Br DMA 7.324 7.501 —0.177
°TI0 5-CH3(S) §  8-Br DMA 8.521 8.273 0.248
STII 5-CH3(S) S 8-CH3 DMA 7.865 7.338 0.527
°Ti2 3-CH3(S) S  8-0-CH3 DMA 7.468 7.256 0212
“TId 3-CH3(S) S 9.10-diC)  DMa 7.592 6938 0.654
°T14  5-CH3(S} ©O 8CN DMA 5.940 6.051 —0.11]
¢T15  5-CH3(S) §  &CN DMA 7.250 6.630 0.620
“TI6  CH(S) O 8-CH3 DMA 6.000 6.730 -0.720
°T17  5-CH3S) & 10-OCHY DMA 5330 6.352 ~1.022
STIR  5-CHHSY O 10-0CH3Y  DMA 5.180 5.906 —0.726
CTI9  S-CH3(S) S 10-Br DMA 5.970 6.850 —0.880
“T20 SCHYS) §  8-CHO DMA 6.730 0.548 0.182
“T22 0 IS-CHXS) Q8 DMA 7.060 7.020 0.040
©T23 5-CH3(S) S Bl DMA 7.320 7.120 0.200
¢T3 3-CH3SY O  8C=CH DMA 6.360 6.293 0.067
©T24  5.CHXS) S 8C=CH DMA 7.530 6,489 1.041

“Calculated by CoMFA model 8.
PReference 30.
“Reierence 28.

similar to compound 38. The similarity of compound
46 1s also involved by the 5-CH3(S) substitution as
shown in compound 45. Finatly, CoMFA cannot dis-
tinguish the structural similarity of compounds 15 and
i4. Steric and electrostatic contributions of model 8
are 81.8% and 18.2%, respectively, with r2, = 0.771,
Spress = 0.612, noc = 3. Other statistical results
obtained are that the conventional #2 is 0.94 1, standard
ercor of estimate is 0.312, Fis 195.028 and probability
(P) of obtaining this value of £ if % were actually
zero (prob. of r2 = 0) is lower than 0.001. The
non-cross-validated analysis of model 8 is plotted in
Figure 4.

Prediction for compounds in the test set

The obtained CoMFA mode! (model 8) was used to
predict the inhibitory activity of compounds in the test
set. The observed and predicted inhibitory activities
of 24 compounds (T1-T24} are listed in Table 8. The
residual values indicated that our CoMFA model can

predict the activity of TIBO derivalives not included
in the training set. The model accurately predicted the
activities for compounds T2, T3, T4, T7, T21 and
T23 and generally predicted for TS, Ta, T8-T15, T2
and T22. Comparison of predicted and experimentl
activities of the test set is plotted in Figure 5.

Steric and electrostatic contributions

The CoMFA steric and electrostatic fields for all 46
TIBO compounds are summarized as contour maps
in Figures 6 and 7. Steric and electrostatic interag
tions between enzyme-inhibitor are aiso considered,
therefore, amino acid residues surrounding the TIRO
compound in the complex structure were merged inlg
both figures. In Figure 6, the green and yellow conioup
Inaps represent regions of space whose occupancy by
ligand, respectively, increases oy decreases the receps
tor binding affinity. There are [avorable steric regions
corresponding to the location around the N6 side chaii
in the diazepine ring. Furthermore, there is a slightly




Figure 6. CoMFA sieric STDEV*COEFF contour plot from the
analysis based on the 3D-QSAR model 8 with no crogs-validation.
Sterically favored areas are represented by green regions. Sterically
unfavored areas are represented by yellow regions. Compound 36 is
displayed inside the fields as a ball and stick representation.

green contour located at the substituent attached to the
C8-position. It is indicated that an additional bulky
alom at this site would increase the activity but the
dimension of this substituent should not be too large.
This suggestion agrecs with the wrend observed exper-
imentally that the dimethylallyl group is the optimal
group of N6-substitution for inhibitory activity {30].
One of the positive steric regions, the green contouy re-
gion near the position of Tyr181. one of the important
amino acid residues in the binding site, may suggest
that there are steric interactions between the aromatic
ning of Tyr181 and N6 side chain, i.e. dimethylallyl
group, and CHjz attached to the C5 position. That
means losing favorable interactions between the aro-
matic ring of Tyrl81 and the TIBO compound may
lecrease the affinity of this inhibitor. This is also
In agreement with the experimental results [9]. The
mutation of Tyr181 - Cys apparently eliminates fa-
‘orable contacts of the aromatic ring of the tyrosine
und the bound inhibitor, reducing the NNRTI binding.
Ahese results can reveal the impertance of the steric
Jature of molecules contributing to affinity through
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Figure 7. CoMFA elecwrostaic STDEV*COEFF contour plot
from the analysis based on the 3D-QSAR maodel 8 with no
cross-validation. Negalive charge favored areas are represented by
red regions. Negative charge unfavored areas are represented by blue
regions. Compound 36 is displayed inside the fields as a ball and
stick representation.

contour maps. It should be menticned here that the
contribution of the C3 parameter can not be estimated
i QSAR analysis. Therefore, CoMEA results provide
an opportunity to serve with this factor.

The electrostatic contribution contour map is de-
picted in Figure 7. The positive electrostatic contours
are shown in blue and the negative contours are shown
in red. A blue electrostatic contour region located at
the substituent attached to the C2 position and the
larger blue regions located at C8 and C9 substitute po-
sitions procuce the favorable positive charges. These
results complement the obtained QSAR model, partic-
ularly the relationship between the net atomic charge
and the nature of the substituent on the atom. The low
positive charges of the C2 atom in all compounds and
a negative coeflficient of this variable in Equation 5 in-
dicate that the lower the positive charge, the higher the
inhibitory activity. Red electrostatic contour regions,
close ta the benzene ring and close to the imidazole
moiety, suggest that high negative charges in these
areas enhance affinity.
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Abstract

Three-Dimensional Quantitative Structure-Activity Relationship (3D QSAR) using
Comparative Molecular Field Analysis (CoMFA) was applied to a set of dipyridodiazepinone
derivatives against wild-type (WT) and mutant type (Y181C) reverse transcriptase. Starting
geometry of dipyridodiazepinone was obtaincd from x-ray crystallographical data. Al 75
derivatives, divided into a training set of 53 compounds and a test set of 22 molecules, were
then constructed and fully geometry optimization were performed, based on semiempirical
molecular molecular orbital calculations (AM1). CoMFA was used to discriminate structural
requirements between WT and Y181C inhibitory activities of these inhibitors. The obtained
CoMFA models yield satisfied predictive ability regarding WT and Y i81C inhibitions, r’ey =
0.624 and 0.726, respectively. CoMFA contour maps reveal that steric and electrostatic
interactions corresponding to WT inhibition are 58.5% and 41.5%, respectively, while steric
and eiecircstatic effects have approximately equai contributions towards explaining Y181C
inhibitory activities. The contour maps highlight different characteristics for different types of
wild type and mutant type HIV-1 RT. In addition, these contour maps agree with all
experimental data for binding topology. Consequently, the obtained results provide beneficial
information for better understanding the inhibitor-receptor interactions. These results can be
helpful basis for design new compounds with increasing of the therapeutic potential in

respect to WT and Y181C inhibitions of dipyridodiazepinone analogues.

Keywords : HIV-1 RT, Nevirapine, NNRTI, CoMFA, 3D-QSAR, quantum chemical
calculations, Molecular Modelling )
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Introduction

1 1-Cyclopropyl-5,11-dihydro-4-methyl-6/-dipyrido{3,2-b:2’,3’-¢][ | 4]diazepin-6-one
or nevirapine {Figure 1), developed by Merluzzi ef al[1] represents the first member of
nonnucleoside reverse transcriptase inhibitors (NNRTIs) to receive approval for the treatment
of human immunodeficiency virus (HIV) infections. This drug binds to an allosteric region on
the protein and induces conformational changes thereby inactivating the enzyme [2-5]. Like
other NNRTIs, however, nevirapine causes drug resistant variants of HIV-1, both in cell
culture and in patients. The primary cause of viral resistance to nevirapine is the mutation
which substitues cysteine for tyrosine 181 in RT (Y181C RT) [6-8] associated to most
reported NNRTIs [9]. This Y181C RT is less sensitive to nevirapine than the wild type
enzyme. Most of these mutations act by directly changing the shape of the pocket contacted
by the inhibitor. Common feature among these are mutations of Tyr181, which confer some
degree of resistance to all of the nonnucleoside compounds [10-14], and Tyr188, which also
has significant effects on the binding of a variety of nonnucleoside drugs [15]. The most
commonly occuring spontaneous mutation of Tyrl81 1s a replacement with cysteine [16-18].
Any small variation induced Dy a single point mutation can bring a significant impact on the
sensitivity of virus to members of NNRTIs, and high-level resistance can develop
correspondently [19]. Therefore, some aspects of the structurai basis for the mechanisms of
resistance for HIV-1 inhibitor have largely remained problems to be solved.

In our previous works, quantitative structure-activity relationships {(QSAR) for
NNRTIs have been studied in an effort to find common structural features among NNRTIs
[20-22]. These studies have provided valuable information in terms of electronic descriptors
that effect inhibitor binding to reverse transcriptase. Further, HIV-1 RT inhibitors in the class
of 1-[(2-hydroxyethoxy)-methyl]-6-(phenylthio)thymine (HEPT) and benzodiazepinone
analogues (TIBO) derivatives were investigated by means of three dimentional quantitative
structure-activity relationships (3D-QSAR) using comparative molecular field analysis
(CoMFA) [22-23]. The results are successful in establishing the relationship between steric
and electrostatic fields around molecules with their biological activities through contour
maps. The structure of HEPT in the complex was also analysed, based on molecular orbital
calculations [24-25], to study the intermolecular interactions between the inhibitor and the
surrounding protein which determine the geometry of the inhibition complex.

In the present study, CoMFA was applied to a class of dipyridodiazepinone derivatives
with the aims of determining QSAR and discriminating structural requirements of these

inhibitors between WT and Y181C inhibitory activities.



Methods of Calculaltions
Biological data

The chemical structures of dipyridodiazepinone derivatives and their inhibitory
activities against both wild type (WT RT) and mutant type (Y 181C) are reported in references
16-18. The potency has been defined as log {i/C), where C is the effective inhibitory
concentration of compound required to achieve 50% (IC50) protection of MT-4 cell against
the cytopathic effect of HIV-1. In the analysis, the structures of the 53 dipyridodiazepinone
compounds serve as training set (Table 1). 22 additional inhibitors were used as test set to
evaluate the predictive ability of the resulting models (Table 2).
Molecular modelling and quantum chemical calculations

Starting geometry of dipyridodiazepinone is obtained from crystallographic structure
of the enzyme inhibitor complex [10]. Modification of substituents of all
dipyridodiazepinones was performed by ALCHEMY 2000 program {26]. The lowest energy
conformer was examined using the systematic search technique available in Sybyl6.4 program
{27]. Subsequently, full geometry optimization of all structures was carried out, based on
AMI semiempirical molecular orbital method which implemented in the GAUSSIAN 94
program [28] on the DEC Alphastation (model 250-4266). Therefore, partial atomic charges
required foi calculations of clectrostatic interactions were obtained. In addition, in crder to
evaluate electronic contribution of inhibitors, electrostatic potential of molecules were
calculated, using ab-initio (HF/3-21G) calculations by Gaussian94. Electron distributions
were visualized by MOLDEN program [29]. -
Alignment rules and CoMFA analysis

The alignment rule, i.e., the positioning of a molecular model within a fixed lattice, is
the most crucial element of the analysis. In the present study, field fit procedure in Sybyi6.5
[30] was adopted. The resemblance of a molecule to the template is considered in terms of
both electrostatic and steric fields. Thus, the selected conformation is onented so as to
minimize the difference between its field values at the lattice points and those of the template
field. An underlying assumption in QSAR analysis is that all molecules in the data set
showing nigh activity bind to their receptor in a similar way. For these reasons, compounds 12
and 32 were retained as the template structure of the alignment rule for wild type and mutant
HIV-1 RT inhibitors, respectively. The electrostatic and steric fields were computed using
Tripos Force Field. )

A three dimensional cubic lattice, with 2 A grid spacing, was generated automatically

around these molecules and ensured that the grid extended beyond the molecular dimensions



by 4.0 A in all directions, In this study, three different atoms, sp3 carbon atom with +1 charge
(default probe atom in Sybyl), sp® oxygen atom with -1 charge and H atom with +1 charge
served as probe atoms. The probe atom was placed at each lattice point and its steric and
electrostatic interactions with each atom in the molecule were all computed with CoMFA
standard scaling and then compiled in a CoMFA QSAR table. The minimum-sigma value was
set to 2.0 kcal/mol in order to speed up the analysis and reduce the amount of noise. The
energy cutoff values of 30 kcal/mol were selected for both electrostatic and steric field. Then,
partial least squares technique (PLS) was employed to derive a 3D-QSAR model expressing
the correlation between the steric and electrostatic properties and inhibitory activities. The
orthogonal latent variables were extracted by the NIPAILS-algorithm [31] and subjected to full
cross-validation (leave-one-out method). The analyses were carried out with a maximum of
ten components, and subsequently, using the number of component (noc) at which the
difference in the r’, value to the next one was less than 0.05 [32]. Consequently, a non cross-
validated analysis was performed using the optimal number of components previously
identified and was then employed to analyze the CoMFA results.
Predictive ability

Q® or 'y were used to evaluate the overall predictive ability of the model, illustrated
as the foliowing

o = (SSY - PRESS)/SSY
where SSY represents the variance of the biological activities of molecule around the mean
value and PRESS is the prediction error sum of squares derived from the leave-one-out
method. The uncertainty of the prediction is defined as

Seress = [PRESS/A(n-k-1)]"2,
where k is the number of variables in the model and n is the number of compounds used in the
study.
Results and Discussion
CoMFA results
CoMFA models for WI-RT inhibition

At first, the effect of the probe atoms was investigated since CoMFA results depend
on the interaction energy between probe atoms and molecules. All obtained analysis included
steric and electrostatic fields. In ad;_iition, separated analysis of only steric or electrostatic field
was also considered. The statistical results of correlation models are summarized in Tables 3-
6. CoOMFA with default setting probe atom, sp’C(+1), produced a model with a low predictive

ability, r’ey= 0.029 (model 1), as shown in Table 3. While other types of probe atoms, i.e.,



sp30 (-1) and H (+1) yielded better e {model 2, r’.,= 0.148 and model 3, r’o= 0.207,
respectively). However, the predictive power is rather low and some compounds are
significantly out of line. Inspection of outliers derived from CoMFA model was performed
and the maximum residual value is presented in Table 3. As compounds 47 was found to be a
maximum outlier, consequently, elimination of this compound from CoMFA analysis yieldea
modei 4. Interestingly, the predictive ability of model is drastically increased (r’e= 0.547).
However, a residual is still in the same range as produced by compound 47. Consecutively
outlier, compound 4, was removed resulting in model 5. Therefore, the final model is satisfied
both predictived ability (= 0.624) and maximum outlier. The reason for the difference
appeared in connection with these outliers cannot be explained by the model. However, it
was observed that structures of compounds 45, 46 and 47 seem very equivalent to each other,
i.e., the difference occurred in substitutions on the phenyl ring. Furthermore, CoMFA model
cannot distinguish the structural similarity of compounds 4 and 2.

Based on above results, the H probe atom was chosen for further studies on the effect
of lattice spacing. The results of grid-CoMF A analysts, summarized in Table 4, indicated that
2 A grid spacing was a good choice for this set of molecule. A decrease in grid spacing
increases the number of probe atoms in a region. However, it generates more noise in PLS
analysis and leads to a worse %y value in this case.

Apparently, model 5, obtained from including both steric and electrostatic fields in the
analysis, shows the best predictive ability QSAR model with r’.,= 0.624, s-press = 0.354 and
noc = 10, Steric and electrostatic contributions of this model are 58.5% and 41.5%,
respectively. Using only steric or electrostatic interaction energy provided worse value of
predictive ability, r’o= 0.528 and 0.233, respectively (Taktle 3). Eventhough, steric interaction
explaines a majority of variance in the data, both steric and electrostatic interactions play an
important role in WT HIV-1 RT inhibition. Other statistical characteristics obtained are that
the conventional r* is 0.989, standard error of estimate is 0.062, F is 348.133 and probability
(P) of obtaining this value of F if r* were actually zero (prob. of = 0) is lower than 0.001,
The experimental and calculated affinities of model derived from non-cross-validated analysis
of model 5 is plotted in Figure 2.

CoMFA models for Y181C inhibition

For further analysis, the CoMFA results with respective to Y181C inhibition were
investigated. The statistics of the COMFA models developed under different probe atoms
were summarized in Table 5. For the default CoMFA setting, a r’c, of 0.587 could be derived
(model ). With regard to other probe atoms, sp® O(-1) and H(+1), yielded worse predictive
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models than those obtained from sp’C(+1) (model 7, r’= 0.506 and model 8, r’,= 0.500.
respectively). Model 6 expresses a higher level of internal consistency compare to other
models. Inspections of outliers obtained from CoMFA modeis was done and the maximum
residual value is also presented in Table 5. Due to a maximum outlier of compound 36,
elimination of this compound yielded a better model (model 9). Nevertheless, a residual is
still in the same range as derived from compound 36. Consequently, the consecutive outliers,
compounds 38 and 43 were removed, resulting in model 10 and 11, respectively.
Interestingly, as compound 43 was removed from CoMFA analysis, the quality of model was
increased in a high extent (model 10, r’= 0.662 and model 11, o= 0.726). Finally, model
11 is satisfied both predictive ability and maximum outlier. The reason observed in the
connection with these outliers depends on the structural similarity. Compounds 36 and 37 are
very similar to each other, except that the difference appears at R1 substituent (C;Hs and
C;sHs) and at R2 position (3-pyrazolyl and 4-pyrazolyl). Compounds 43 and 44 are different
on R1 (C;Hs and C3Hs) and R2 substitutions (2-pyridyl and 3-pyridyl). Unsubstituted pheny!
ring at C2 position of compound 38 is particular different from others in the same series.

The effect of grid spacing on CoMFA results was also studied. The r’., indicated that
grid spacing set to 2 A was suitable for this data set as reported in Table 6. The reason could
be explained in: the same manner of WT-inhibition.

Inspection of the best QSAR model (model 11) in the series of Y181C RT inhibition,
revealed that this model has 46.8% contribution from steric field and 53.2% contribution from
electrostatic tield, with the +’,, = 0.726 and s-press = 0.262 and noc = 9. Both steric and
electrostaic effects have approximately equal contributions to explaining Y181C inhibitory
activity: These strongly supported by predictive power of CoMFA results obtained from
separated field. Eventhough, a model derived by electrostatic field shows a slightly higher
than that of steric field, using only steric or electrostatic interaction energy provides worse
value of predictive ability. Regarding other statistical results, the conventional r* obtained by
PLS for the final model is 0.989, standard error of estimate i§ 0.262, F is 316.470 and
probability (p) of obtaining this value of F if r* were actually zero (prob. of I = 0) is < 0.001.
The experimental and calculated affinities of model derived from model 11 is depicted in
Figure 3. )

Prediction for compounds in the test set

As the the CoMFA models 5 and 11 show the highest predictive power for WT and

Y181C RT inhibition, respectively. Both models were used to predict the inhibitory activities

- of compounds in the test set. The comparison of observed and predicted inhibitory activities



of 22 compounds by models 5 and 11 are given in Table 2. These clearly show the usefulness
of the models on dipyridodiazepinone derivatives not included in Training set. This is
indicated that the derived CoMFA models can well predict for activities of compounds in the
test set. However, it seems that model 11 are more external predictive ability than model 5.
Model 11 can accurately predicted for compounds T1, T2, T5, T9, T10, T17 and TI8,

whereas, model 5 can well predict only for 3 compounds; T1, T9 and T19.

Steric and electrostatic contributions

The steric and electrostatic contributions for all dipyridodiazepinone compounds are
summarized in Figure 4 and Figure 5 derived from WT and Y181C inhibition CoMFA
models, respectively. In order to get better understanding of steric and electrostatic
interactions between enzyme and inhibitors, amino acid residues surrounding
dipyridodiazepinone compound in binding pocket were merged into both figures. The green
contour maps indicate favorable steric effects in this regions, ie., incorporation of bulkier
groups will enhance the inhibitory activity. On the other hand, vellow contour maps represent
that bulkier groups in those regions are detnimental the receptor binding affinity. Concerning
CoMFA electrostatic fields, a lower electron density within the inhibitors near blue and red

centours, increase or decrease the afiinity, respectively.

Steric and electrostatic contributions for WI-RT inhibition .

With respect to CoMFA contour maps obtained from WT RT inhibition, Figure 4
presents yellow contours around R2 substitution on the tricyclic ring, espectiaily a yellow one
overlaping with Tyr181 residue. These contours reveal a limitation to the size of substitutent
tolerated at this position. The observation which reported high resolution structures of HI1V-1
RT complexed to four differnt NNIs {10] indicated that C2 position and substituent attached
to C2 of dipyridodiazepinone derivatives make significant interactions with residues in the
binding site. That mezas the increase in steric bulk of side chain leads to steric conflict and
lossing favorable interactions to the aromatic ring of Tyr181. This steric constrain is apparent
in comparing 2 alkyl derivative (compound 4) and compounds 6-7, listed in Table 1, where
there is a decrease in potency with the larger substituent. Additionally, a large red electrostatic
contour region closed to R2 position, overlapping yellow contour, indicates that high negative
charges in this area enhance the affinity. It could be suggested that unfavorable bulky group
and high negative charges are required in this area. This suggestion is supported by
experimental data, reported in Table 1, that 2-F derivative (compounds 10) and 2-Cl

derivative (compounds 11-13) yielded high potency. In particular, compound 12 shows the



highest potency for WT inhibition in this data set. In order to get better elucidation on electron
distributions of inhibitors, effecting to binding affinity, the electrostatic potential of molecules
were evaluated and presented in Figure 6(a). It could be strongly confirmed that compound 12
places its Cl atom, indicating significantly negative charged parts, into the region where is
favorable for more negative charge. Blue contour, ciose to Glul38 residue, suggests that low
electron density in this area will have a positive effect on biological activity. The steric
contour map also shows green contour in the vicinity of Glul38. This reveals that substitutent
at C2 position should have bulky substituent in this region as well as it should contain atom
providing positive charge toward Glul38. This suggestion agrees with the trend observed
experimentally that 2-aryl substitutions yield effective inhibitors (compounds 30-33, Table 1).
Steric and electrostatic contributions for Y181C -RT inhibition

Figure 5 shows the contributions of the steric and electrostatic fields to Y181C RT
inhibition. A large green contour corresponds the location of the group attached to C2 position
on tricyclic ring systems. However, the tolerated steric requirements of this region are
highlighied by ycliow contours located on each side of favorable steric region. It is indicated
that steric occupancy with bulky groups would increase affinity but the dimansion of the
substituents should be not too large. These suggestions are supported by observed compounds
n the training set. Effective inhibitors against WT RT possessing less bulky substituents at
C2 position such as compounds 1, 2, 4 and 10-13 have greatly diminished activities against
Y181C RT (see Table 1}, Compounds 17-20 occupying C2 position with too large
substitutenis display a significantiy reduced potency against Y181C RT as well. In addition, a
predominantly feature of the electrostatic contour plot in this analysis is the presence of a
large blue contour in the vicinity of R1 substitutent close to Glu138 residue in binding pocket.
This contour indicates that more positive charges in this region are favorable for binding
affinity. As additional examples of compounds 30-33, the aryl substitution for Rl
substituents, are given. These substituents not only orient their pyrrolyl moieties into the
green contour area, but also place these groups into the region indicated to be favorable to
accommodate positive charges, yielding highly potent activity for YI81C RT. It can be
observed by comparison of compounds 17-20 and compouzds 30-33. Especially, compound
32 expresses the highest activity against Y181C RT. The electrostatic potential of compound
32 (Figure 6(b}), showing positive charge part (pink color) located on N atom in pyrrolyi ring,
can confirm this suggestion. A proton attached to this N atom may involve the H-bonding
interactions with amino acid residues. As a blue contour is also presented in CoMFA contour

map obtained from WT inhibition in the approximately similar region, this may be a reason



why compounds 30-33 show excellent inhibition of both WT and Y181C RT. In addition,
there are favorable steric regions near substituent attached to C5 position which close to
Tyrt88 and Trp229. This is also in agreement with the experimental results, Table 1, that the
substitution with CH; at this position confers better activity than that of H atom. Based on the
obtained results, it could be suggested that rié)t only steric interactions contribute to the Y181C
inhibitory activity, but also electrostatic interactions are important to the explain the variance
in the data. This is consistently found by Ren ez al [10] which stated that electrostatic
interactions (charge and hydrogen bond) contribute to the final strength of binding and may
assist in the orientation of the compound but specificity comes from the interactions with
bulky hydrophobic residues.

As crystal structures of nevirapine and its derivatives complexed with HIV-1 RT were
presented [3,10], it strongly indicates that there are favorable contacts of aromatic ring of
Tyr181 and the bound inhibitor. Significant interactions between Glul38 and the NO, group
attached to C2 position of tricyclic ring are presented. In addition, the favorable interactions
between Tryl88 and Trp222 and the bound irhibitor arc also indicated. Concerning WT
inhibition, a substituent posessing unfavorable bulky group and high negative charges should
be occupied in C2 position. Otherwise steric conflict could be introduced, yielding worse
binding affinity. With regard to Y181C RT inhibition, substitution of Tyrl81 by cysteine
residue replaces the large aromatic side chain with a thiol group. It 1s clear that favorable
interactions of aromatic ring of Tyr181 and the bound inhibitor was eliminated. This mutaion
causes not only a aecrease in the steric bulk of side chains but aiso the distributions of charges
are changed. For these reasons, the affinity of inhibitors could be significantly reduced. Based
on our finding, it could be suggested that pyrrolyl group is the optimal group of C2
substitution for the lacking aromatic amino acid at position 181. A loss of aromaticity could
be compensated by the presence of pyrrolyl group, which may drive binding of inhibitor and
receptor. In addition, the charge distributions of this group arc favorable for strength binding.
These results show close agreement with our CoOMFA models which highlight the different
structural requirements for WT and Y181C inhibitions of dipyriodiazepinone derivatives.
Conclusions

3D QSAR model using the CoMFA methodology of dipyridodiazepinone derivatives
for inhibition of both wild-type and Y181C RT were derived. CoMFA shows to be helpful
method to discriminate structural requirements between WT and Y181C inhibitory activities
of these inhibitors. In this study, the obtained QSAR models are reasonable based on both

statistical significance and predictive ability. The COMFA contour maps reveal that steric
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interactions play more significantly role with respect to WT inhibition, while steric and
electrostatic effects have approximately equal contributions towards explaining Y 181C
inhibitory activities. These contour maps show good consistent with inhibitor-receptor
complexation derived by experimental data. Accordingly, these results lead to a better
understanding ‘of important drug-receptor interactions and structural requirements in the class
of dipyridodiazepinone compounds. Finally, 3D-QSAR information provides a helpful
guideline to design and predict the affinity of novel compounds with enhance wild-type and

Y181C RT inhibitory activities prior to synthesis.
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vle 1 Structuie of dipyridodiazepinone derivatives and experimental biological activities against both
"RTand YI1S81CRT.

ds. No. R1 R2 R3 R4 Experimental log(1/C)
’ WTRT  YI8ICRT
1 H CH; H CiH; 7.096 5.584
2 H CHs H C,Hs 7.397 5.744
3 H H CH; CiHs 6.885 5.657
4 CH; CH; H C2Hs 7.698 5.999
5 CH,CH; H CHs; CyHs 6.920 5.920
6 CH(CHs), CH, H C,Hs 5.999 5.999
7 C(CHs)s CH; H CHs 5.999 5.999
8 C=CHCOOCH3 H CH3 Csz 6.744 6.173
9 C=CHCONE, H CHs C,Hs 6.601 5.619
10 F CH3 H C,H;s 7.698 6.069
11 Cl CH3 H CsHs 7.698 6.107
H Cl Cils H C.Hs 7.999 6.096
13 Cl H CH; C;Hs 7.044 6.035
14 NH; H CH; C,Hs 5.999 5.999
15 NH CH; H CH; C;Hs 6.720 5148
16 NH C;H; H CH; C;Hs 6.637 5.885
17 NHCH,CH,CH,OH CH; H C,H;s 7.044 5.999
18 N(CHa), H CH; C.H; 7.154 6.112
19 N(CH3)CH,CH,OH CH; H CHs 7.999 5.999
20 N-3.4-didchydropyrrolidinyl H CH; CHs 7.522 5.193
21 N-piperidinyl H CH; GCHs 6.522 5.999
22 N-morpholinyl H CHs C;Hs 6.397 5.999
23 N-thiomorphohnyl CH; H C.Hs 6.823. 5.999
24 N-pyrrolyl H CH; C.Hs 7.044 6.677
25 OH H CHy C;H;s 6.327 5.999
26 OCH; H CH; CHs 7.397 6.221
27 OCH; H CH; CsHs 6.920 5.958
28 SCH; CH3 H  CHs 7.698 5.999
29 2-furanyl H CHs C.Hs 6.957 6.795
30 3-furanyl H CH; C,Hs 7.397 6.957
31 2-pyrrolyl H CHs CyHs 7.154 7.154
32 3-pyrrolyl H CH; C,Hs 7.522 7397
33 3.pyrrolyl H CH; GC3Hs 7.300 7.221
34 2-thienyl H CHy C,Hs 6.853 6.376
35 5-imidazolyl H CH; C.H;s 6.885 6.720
36 3-pyrazolyl 'H CH; C.Hs 6.408 6.536
37 4-pyrazolyl H CHs Cs3Hs 7.221 7.300
38 phenyl H CHy C)Hs 6.637 5.853
39 3-OCHjs-phenyl H CH; C;H; 6.823 6.677
40 3-NH,-phenyl H CH; C.H; 7.154 6.251
41 4-OCHj3phenyl H CHy C,Hs 5.853 5.494
42 4-OH-phenyl H CH; CoHs 7.154 6.567
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ble 1 (Continued;

ds. No. Ri R2 R3 R4 Experimental log(1/C)
WTRT YI8ICRT
43 2—pyr1dyl H CH3 - Csz 6.744 5795
44 3-pyridyl H CHy GCsHs 6.744 6.355
45 3-(6—0CH3pyri dyl) H CH:; Csz 5.920 5.522
46 3-(6-OH-pyri dyl) H CH; GCHs 5958 5.999
47 3-(6-NH,-pyridyl) H CH; C.Hs 7.300 6.584
43 4-pyridyl H CH; CsH; 6.823 6.494
49 H CH,NHPh H C;H;s 7221 5.862
50 H CH,O(Ph-p-NH;} H C;H; 6.999 5.995
51 H CH,O(Ph-p-NHEt) H CsH; 7.096 6.365
52 H CH»(Ph-0-OH) H CsH;s 6.720 5.950
53 OH CH20CH,Ph H C;Hs 6.957 5.970
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Table 2. Structure and predicted log (1/C) WT and Y181C HIV-1 RT inhibitory affinities of the tested dipyridodiazepinone compounds.

Cpds. Rl R2 R3 R4 WT RT YIi81CRT
No. Experimental Calcalculated  Residual Experimental Calcalculated Residual
log (1/C) log (1/C)* log (1/C)  log (1/C)°
‘Tl CH, CHs H CsH; 7.154 7.102 0.052 5.920 5.910 0.010
‘T2 CH; H CHs CoH;s 7.044 6.858 0.186 5.769 5.701 0.068
‘T3  CH H CH; C.Hs 6.853 6.335 0.518 6.376 6.248 0.128
‘T4 Cl H CHs; CHs 7.096 6.923 0.173 6.677 5.926 0.751
‘TS Br H CHs; GsHs 7.522 6.892 0.630 5.677 5775  -0.098
‘T6  NHCH,CH,OH CHs H CzHs 7.044 7.289 -0.245 5.999 5.672 0.327
‘T7  NHCHCH,CH,OH CH, H C;H;s 7.044 7.611 -0.567 5.999 5.819 0.180
°T8  N-pyrazolyl H CH; CHs 6.507 6.805  -0.298 6.251 6.545  -0.294
‘T9  3-thienyl H CH; GCH; 6.999 6.988 0.011 6.522 6.484 0.038
‘TI0  2-imidazolyl H CHy; CH;s 5431 6.341 - -0.910 6.130 6.141  -0.011
“T11  4-pyrazolyl H CH; C,Hs 7.698 6927  0.771 7.221 6770  0.451
‘T12  2-OCHjs-phenyl H CH; CyHs 6.085 5.940 0.145 5.601 5407  0.194
‘T13  3-OH-phenyl H CH; GCyH; 6.999 7.254  -0.255 6.744 6.072  0.672
‘T14  4-NH,-phenyl H CH; C,Hs 7.397 7.245 0.152 6.920 6.576  0.344
. ‘Tis H CH:OPh H CaH; 6.920 6.606 0.314 5.587 5940 -0.353
‘Ti6 OH CH;Ph H C2Hs 6.467 7316  -0.849 5.885 6.010  -0.125
“T17 Ph-m-OMe CHO H C2H;s 6.480 7249 -0.769 6.376 6.442  -0.066
‘T18 N H CH; C.Hs 7.552 6.838 0.714 7.552 7.501  0.051
e
N -
‘T19 MeO S H CH; C:Hs 6.698 6.667 0.031 6.637 6.324 0.313
O
N
‘T20 F S H CHs GCiH; 6.150 6.623 -0.473 6.251 5.978 0.273
Qs
N
‘T21 - Mo H CHy CyHs 7.355 6.668 0.687 7.008 6.688 0.320
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Table 2. (Continued)

Cpds. RI R2 R3 R4 WT RT Y181CRT
No. Experimental Calcalculated  Residual Experimental Calcalculated Residual
log (1/C) log (1/C)* log (1/C) log (1/C) ®
‘T22 = My H CH; C;Hs 6.677 6.447 0.230 6.698 6923  -0.225
N \F N
N

N

* Calculated by CoMFA model 5, ° Calculated by CoMFA model 11
° Reference 16, ¢ Reference 17, ¢ Reference 18
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Table 5. Summary of CoMFA models for YI81C HIV-1 RT inhibition with 53 dipyridodiazepinone compounds at different probe
afoms.
Model  Probe atom  Field noc ey  S-press - 8 F Outliers(residual) Steric
type contb®
6  spC(+1) both 8 0587 0313 0968 0087 167.287 compd. no. 36 (0.151) 45.4
st 3 0.301 038 0942 0.120 68131
el 4 0407 0359 0791 0213 45458
7 sp’O(-1) both 5 0506 0332 0928 0.128 99462 compd. no. 24 (0.256) 50.4
st 4 0.319 0.385 0.759  0.229  34.759
el 4 0407 0359 0.791 0213 45458
8 H(+1) both 4 0500 0330 088 0158 93298 compd. no. 42 (0.356) 47.5
st 4 0371 0370 0793 0212 49942
el 4 0407 0359 0791 0213 45458
9 sp’C(+1.0) both 8 0631 0298 0976 0.076 216705 compd. no.38(-0.151) 46.7
st 3 0292 0406 0675 0264 33268
el 4 0392 0366 0782 0215 44.015
10°  sp’C(+1.0) both 8 0.662 0.287 0071 0979 24570 compd. no.43(0.109) 453
st 3 0.287 0394 0679 0264 33.074
’ el 4 038 0369 079 0216 43.255 :
11° sp’C(+1.0) both 9 0726 0262 0989 0.059 316470 compd.no.32 (0.120) 46.8
st 3 0.322  0.385 2705  0.254  36.605
el 4 0436 0359 0808 0207 47.280

"Conventional r’. "Steric contribution in %.

Elimination of compd. no. 36 (remaining 52 compounds in the training set).

¢Elimination of compds. no. 36 and 38 (remaining 51 compounds in the training set).

¢ Elimination of compds. no. 36, 38 and 43 (remaining 50 compounds in the training set).
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Table 6. The statistic results within lattice grid space by 1 A and 2 A for Y181C HIV-1 RT inhibition,

Probe atom Grid (&) noc  r‘e  s-press r* s F Steric
contb”
sp C(+1.0) 1 9 0658 0293 0991 0048 474071 496
2 9 0.726 0262 0989 0059 316470 452

*Conventional r*. "Steric contribution in %.
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Figure Captions

Figure ! Structure of 11-cyclopropyi-5,11-dihydro-4-methyl-6H-dipyrido[3,2-b:2’,3"-¢]
[1,4]diazepin-6-one and the atomic numbering as used in this study is indicated.

Figure 2 Plot of calculated versus experimental WT HIV-1 RT inhibitory affinities
obtained from non-cross-validation ot CoMt A model 5 for training set compounds.

Figure 3 Piot of calculated versus experimental Y181C HIV-1 RT inhibitory affinities
obtained from non-cross-validation of CoMFA model 11 for training set compounds.

Figure 4 CoMFA steric and electrostatic STDEV*COEFF contour plots from the analysis
of the 3D-QSAR model 5 with non-cross-validation based on WT HIV-1 RT inhibition.
Green contours refer to sterically favored regions; yellow contours indicate disfavored area.
Blue contours refer to positive charge favoring areas; red contours indicate negative charge
favoring areas. Compound 12 is displayed inside the fields as ball and stick presentation.
Figure 5 CoMFA steric and electrostatic STDEV*COEFF contour plots from the analysis
ot the JD-Q3AR model 11 with non-cross-validation based on Yi81C HIV-1 RT inhibition.
Green contours refer to sterically favored regions; yellow contours indicate disfavored area.
Blue contours refer to positive charge favoring areas; red contours indicate negative charge
favoring areas. Compound 32 is displayed inside the fields as ball and stick presentation.
Figure 6 Electrostatic potential of compounds 12 (a) and 32 (b), the highest active
molecule for WT and Y181C inhibitiorn, respectively. The cold colors (blue-violet) indicate
negatively charges parts of 'molecules. Positively charges parts are displayed in warm colors
(pink-red).
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Figure 1
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Experimental log(1/C)

Figure 2
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Figure 6



Figure 7



ESP of compound 32

Figure 8



