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Abstract

Project Code : TRG4580072

Project Title : An Analysis of Structure-activity Relationships of HIV-1 Reverse
Transcriptase Inhibitor in the Class of Efavirenz Derivatives, Based on Computer Aided
Molecular Design

Investigator : Dr.Pornpan Pungpo Department of Chemistry, Faculty of Science,
Ubonratchathani

E-mail Address : pornpan@sci.ubu.ac.th, pornpan ubu@yahoo.com

Project Period : 1 July 2002 — 30 June 2004

Quantitative Structure-activity Relationship (QSAR) approaches have been
applied to investigate the structural requirements of HIV-1 reverse transcriptase (RT)
inhibitory activity of efavirenz derivatives active against wild type (WT) and mutant type
(K103N) by mean of hologram quantitative structure-activity relationships (HQSAR),
comparative molecular field analysis (CoMFA) and comparative similarity index analysis
(CoMSIA). All derived models produce satisfactory predictivity and the quality of QSAR
models constructed using all techniques are comparable. CoMFA model reveals the
importance of steric and electrostatic interactions through contour maps. The resulting
CoMSIA models enhance the understanding of steric, electrostatic, hydrophobic,
electron donor and acceptor requirements for ligands binding to HIV-1 RT. The
graphical results of HQSAR analysis display the key features contributing to inhibitory
activities of compounds. The information obtained from HQSAR, CoMFA and CoMSIA
models apparently reveals differentiating structural requirements between WT and
K103N HIV-1 RT inhibition of these inhibitors. The suggestions obtained from the
models not only highlight different characteristics for different types of wild type and
mutant type HIV-1 RT, but also show good accordance with inhibitor-receptor complex
derived by experimental data. Consequently, the results provide a beneficial guideline to
design and predict novel compounds with enhanced WT and mutant HIV-1 RT inhibitory

activities.

Keywords: QSAR, HQSAR, CoMFA, CoMSIA, HIV-1 RT inhibitors, Efavirenz
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Ygywl3nead (Acquired immunodeficiency syndrome, AIDS) L@ nnIaaiTe
3mewled (Human immunodeficiency virus, HIV) lu9asiiavadhisa HIV Siawlas
wangrdandanlumidintia ewlsdmstdieuouerled1 (HIV-1 Reverse
Transcriptase, HIV-1 RT) ilnawloddannsaalunssiaasuuy (replication) Tuanaaw
3338 viral RNA genome @1 tls proviral DNA Aaufazidnlulu host genome 3%
Iewlol RT wihnansdrdglumisldodnsudaduliaeed mstnsludagiu
musadudsnsesydulavaatehiasieildlesldasiugdlungs 2 3dideoxy -
nucleoside L% 3-azido-2’,3-dideoxy thymidine (AZT) lugjihofidulsaloaduazgnda
\Taeas  agg lnenuwuiaensiehmansngusimaasyidulaveasolaad 16

') ~ A ') ' o a a a A v . '
waunis hasnnludaatunuithimerled-1 Gulignddumu (resistance) daen
AZT anmidaiinatnafsedadihe  datuwininaemaailddadusuanziodmaun

A AaA £ A \ o & . !
wnenaszilandnglnmisanagntiuandsann AZT ludwintwuiasdsznaulung
nonnucleoside reverse transcriptase (NNRTI) o% 1-[(2-Hydroxyethoxy)-methyl]-6-
(phenylthio)thymine (HEPT), tetrahydroimidazo [4,5,1-jk]benzodiazepine-2(1H)-thione
(TIBO 38 #ilu) uwaz dipyridodiazepinone %38 nevirapine T9138n31 F1TEUEILDW busd
mytounularled-1 nguiLan ( the first generation NNRTIs) ilungufivaulaanniiias
PNUNNTWANN (activity) NOUEITUN (specific) da HIV-1 RT laglidlnadugsda
HIV-2 #3a HIV 3iadu lasanizassdslinuduamnguss ldnanudududdslivinld
a o a Ve A o o ea o , . i a & a
Wanathadessdegihe  fnalnlumsduivenlodndunis  allosteric site 8nnad
selectivity Aautigelasazlilinada DNA polymerase vasisasun@islanuduis
daudnedn asuumslungy NNRTI 3udusnsngnianlglunmsinmgiheswiy AzT
atnalafimudseiniawsasmislfnlunguiinduaaasnnniiasandymnsdruniuen
o . { & & . = o v o Y !
2041137 (resistance) Nitinlinatimainasnnmldasumsinmeaselungs NNRTI
=] o o a o ¢ . & A A A

luszoenile mi%“lasamammmwug (mutation) tHunatkasnLAaNITIURLULL A
maaﬂmazﬁiuﬁagﬁamau binding pocket TIFINABENNUINADNITURAINUNUAN TNV
1 lagawizednadiny napWuguainse axiilu Tyrosine 181, Tyrosine 188 uaz

. ° @ ] AA & A A v ¢ K wal
Lysine 103 vil#anudashizasnniidateulsdiaaasnnilalnanansvug dsldtiana
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wengwlumanauazsuanziadugnewloinsteouwuuesled-1  nduisasdumn
lnal (the second generation NNRTIs) I(ﬂUaﬁiﬂ'uﬂ'aluﬂg;uﬁﬁﬂQWNEI@%QN (resilience)
dataulodnistouuusfianaiowus (Y181C, Y188C uaz K103N) ldannninansdud

lunga first generation NNRTIs 3svilduaasiniuanmwgsdaianlodnisdiauuuns
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Efavirenz Lﬂumiﬂ'uﬂy'ﬂumju second generation NNRTI “?‘il“ﬁ‘lumﬁ'ﬂu’wgﬂ’m
Tsniand  JHomansdiin SUSTIVA mﬂ,uﬂéj&lffﬁﬂi:ﬁﬂ%ﬂ’]W@ﬂ%ﬂﬁﬂ'ﬂg@mu%ﬁ
mytouuuierled-1 sliaeady (WT) LLa:ﬁm’mﬁwsqiuiunﬂsﬂ'mfmau"lmﬂmsmmmu
lerled-1 sllanauWug (Y181C, Y188C uaz K103N) g4 3aldnnihanldlunsinmgy
thulsalaadluiagiin mniagamﬂmaa%"wwﬁmmdnﬁ’aEl'ui?dﬁ'mauvlmﬂm’i%
x-ray crystallography ¥nlidnlaanniuiisnadilaguusnalnnssugsivinazdwlyduas
WA RSN TS UWITRIEIT U Efavirenz  uaztawlodadneiudasus
NNRTI lunga first generation NNRTIs (%4 HEPT TIBO uaz nevirapine nanafialass
svesigusafsunuawlodmelulwsslalasuiia (hydrophobic cavity) Sanwmeid
ANV mezﬂ%'ué’alﬁﬁ‘[maa%”nﬁmmmL?Tﬁvl,ﬂagiuiwsa (cavity) unld agnols
Aoudgywmidumumvasewloinstewuuidinsag snmanalnlumssudoves
mstussuaznalnlumsdwmugnvastawlsd HIV-1 RT Selidufinuusidauazsodn
Tymnsadeinsdatuny damuuumsnsusziawamed lnifidtuduanin
Tumssumumsaasnvesawlodssindudasinmyaiindaly NnMIFUALTayaTal
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Tassasan9dianavanssd lanin mml%gwsmmnwaulamzﬂnmaummﬂma
§39VIG28UEY HIV-1 RT luﬂsjumimgﬁuﬁ: efavirenz lasanduseidouis Computer-
Aided Molecular Design Uuﬁug’lmaamﬁmauﬁu (quantum chemistry) LAz N1YI1RDI
WU (Molecular Modelling) I@]Umwi'a’hwamadmsﬁﬂmauﬂ'@maﬂmaqamaaéﬁEl'uil'alu
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[N AL ENNNINATUNLDING NV lATIRININANAAaNTEULY HIV-1 RT @9na17 Lhas
abnwduasisunwnivamdusiusnienlad  Nunadudayamilassaiendmanluns
aanuuulutanaddudicalndndnuduanmwgsdald
'V 3
mqﬂs:aaﬂwaafﬂsams

1. INaANEIRNT AN IATIRTIINIIBLANGATa LLa:auﬁamaﬂmaqaﬁﬁmmé'wﬁuf
danuduaniwlunsdudaenlodnisdisunueslei-1vesmsduaslunguaniug
efavirenz

2. a%“ﬂdmwﬁuﬁuﬁszmnimaa‘?nLLa:ﬁuﬁu@nWWIunﬁsﬁuﬂ'\maamimgﬁuﬁﬂu
nga efavirenz lasldazidouas 2D- waz 3D-QSAR uazmilavsaisdanyuasasduoily
M3guss ewlodnmyieuuuesled-1 nsfiaasdn (WT) uazziiananuWug (K103N)

3. aanLmumsﬂizﬂauluﬂf,jwmgﬁuf efavirenz 13l ﬂﬂmwgﬂumiﬂ'uﬂ'm,auvlmﬁ

MIENsuUD LaTle3-1 vhanan sﬁuﬁ: (K103N)



20UVAVDINITIVLY
< v v ad a 6 .
uanuawnseenuuulassasndlasitmenauniees (computer-aided
molecular design) UWAUFIWNIRMIBIMATAIBUANVRINITUEY HIV-1 RT Tunga
vasxTauNutlungy efavirenz lag3Tn1sdnmflida 33 ligand-based drug design
lag 135N IAN AN NFUA BT TR INIlATIRTIUAz NI BAN WIS NMTEUEY (Quantitative
structure activity relationship, QSAR) 1ag3% 2D-QSAR @@ conventional QSAR W&
Hologram QSAR uazi% 3D - QSAR fa ATenzidudisufisusmuluans
(Comparative Molecular Field Analysis, COMFA) kaz3% msianziidadsounauanii
mmmﬁam%ﬂmaqa (Comparative Similarity Index Analysis, COMSIA)
ac A 4 [%
IHILNLNLIVDI
arusdten lminsosuusudusssrayAvieguoinnasydulaveasa
5& HIv-1 I@m?hﬂ'uﬂ’aﬁamq@mié’amﬂ:ﬁ proviral DNA 32#IN97ILAANTIN889uLL
284 viral RNA luszozuanfianslilunmisinsndihefideia HIV-1 fia 01 AZT ddi uaz
A { o ' ' . . o ] A
ddC Taflussninaglungu 2,3 -dideoxynucleoside [1,2] ludfagtiunuiaslunguid
Wat1afnsdante uaziawlod HIV-1 RT Gulinmsdumudadimaiian 3avialdinag
wandwa s HIv-1 lasjsldinsdduansdusslungy NNRTI nafiwszanslu
1 dwd o R g: =3 1 U a 1 U A g; R L% Rt g;
nguitlanudunizlunisduds Hiv-1 Adlalinadradsedagiodnndsldmaduds
YSuatasunn luszavlulasluans
sl,uizEJ:LLSﬂVl@Tﬁmsﬁ@@Tmmzﬁ'@ummsﬁuﬂ'aluﬂ&jmaa TIBO HEPT uay
. . . . a . . - = o &, ' & )
dipyridodiazepinone 38 nevirapine [3-5] mquﬂunwmumaanwwmaLauvlmwmsmsl
wuukszugaInNduanwgslumIdudsewlminsiisuuy - sslunduilGundndums
o & ' . . = Y o o v
futalungy first generation NNRTI @ifanunainwaonilanaine sufifagiuled
MIFILATIEAINT NNRTI Ssfilassairuandranudnnaianga [6-7] Tull 1992 Kohistaedt
wazAme [8] laasAlaTigIvadnanIzning HIV-1 RT Auwdindn teiduasausn
laeASwaniandisd (X-ray Crystallography) (3.5 A resolution) ftuusuuan lafidAnmlase
gnanvasen lodrsiiadnualtugsatnidaiiias lasNuanuazdaauas resolution [9-
d! o v Y % d'd v [l o J v (% =S
10] S lilddayamalavssisniianugndouudianniu - dayanalasiaiiomdn
serieargugInuen lrdasnanyinldnnuiinieesilunslulassainsvasenlodn
d @ o A . . £ ' { a v v o o &
Vgdasnulwsslalasindn  (hydrophobic cavity) GadluginAtiansaunuaguss
(binding site) naAaEIUYBINTABLALY 13BA2 95 Pro, 100 Leu, 101 Lys, 103 Lys, 106
Val, 138 Glu, 179 Val, 181 Tyr, 188 Tyr, 190 Gly, 227 Phe, 229 Trp, 234 Leu, 235 His,
236 Pro uay 318 Tyr niaaziilunanih ({Jusiuiiiaduasisennuaiduss wazanaiia
M3 mutation lasawnzNdunie, 181 Tyr, 188 Tyr uaz 103 Lysine %@Lﬂummqéﬁ'@
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a A a = o & ' .
mwpasmsdaznevlainilalaaziofluy  wiawdindu  Fudussduddlungu  first
generation NNRTIs wuiiinusiuanwlumsgusagsnnnuazlai lulslumsinmgias

& \ = o ¢ o P , A
baeas  adebsionadymminameiuizasbhialasaniznduniniaesiily 181
970 Tyrosine 1% Cysteine (Y181C) wasfidunusntaaziily 103 910 Lysine tiu

v AF e g; 1 a >
Asparagine (K103N) #il#gntlumsdugsenlodanaduin annms@nswuinuLue-
mwaasnsdussenlodnstiouuy ey lo 31 wwunapWug  (K103N) 289813
WATIAURARIDT 40 win  [11] WatlSouiaununuiuanInaadansiwnsausaLan e

' A < a o o o & & '
MITBUUY 18T 18 3-1 WULAIEN (WT) LasANduan wuasmssudaean lodnnsane
wuy 187 o 3-1 uuunauRug (Y181C) 2a9mauiInfiuaaadiia 100 ¥ [12] GInuds

v =1 = % g; 6 ] = ] .‘3' A

lafnsfnmuasnamasdusnenlodnisdiouuniesled-1 ngulniduunde second
generation NNRTIs Lo% msm&ﬁuﬂuﬂémao efavirenz [13] Ngu carboxanilides [14]
w8z NN quinoxaline [15] T@Umiﬁuﬂ'ﬂmshﬁuamﬁ'uﬁu@mwgwiaLa*’ﬁVl,a%-1 WUy
naEWuE (K103N) laslawz efavirenz Snnsiuamwlumsdussenlodununaionug

A A A o ¢ A & a v o o X
aaadies 6 ihilafisuiuewlmiiiaandn wazldbhanlslunsinmdihelaaadly
Ja9tiu dTanenisdnda SUSTIVA saunlull 1998-2001 ldfimidaanedaadudiluy

' o ¢ i & o A o A A A wal @
nauaynug efavirenz Liudwinann iNewawdszaninmaasnlunduitlidaulasld
madSuifoungununidunisdne g uaznaseunuduanwlunisduguenloinig
thauuy ey la 3-1 Nerdiaauda (WT) uaznanowus (K103N) [16-23] Bnnadaiinig
=2 o =2 s ' a A & a A
Anmlaseaananvedenlodnmsaiouuy e e -1viaaundy (WT) uazafia nane
WWT (Y181C, Y188C Laz K103N) fueafusy efavirenz vl ldtayanislasiasnd
fanlunmsaTuiamaiaawasnsnszrilaigusiuaziowlsdnmymsuuuierlad-1ias
QI v a A o & 6 1 a a o &
winanudlaludedninmlududaanladndouy ey lo 31 slianasiug
(K103N) wasanstugslunguii [12]

lafinmsfnsmemumsitaelassaislasnauiiimas (Computer aided molecular

design) 2asmsdudsanlodmadiouuy ey la 3-1 lasngauidorasgnt wmuassin
WRTAMHE [24-31] las@nsnanuauRHETEnINIlATIRINUANNUAAIN  (Quantitative
Structure-Activity Relationships, QSAR) ?lada’lﬂuﬂﬁqi&l first generation NNRTI fa HEPT,
TIBO LL&¢ nevirapine lasandaaulalasdasnddLlanasat (electronic structure) LAz
2041Ulana  (molecular property) uaeIANNFNRUTIUFUVBILLLIIRBIMIATlamM AT
I@U%%n@nam%uﬁuwmm (multiple linear regression) LLa:"l@meaauqmmwmdaﬁﬁ
paduuuassadalieiay Nunsgunwlunsimeiuiuaniw (predictive ability,
2 M v = o v A & wn
g )nmdnmaanIndliiduisiulmlasiafididnatesuazautdvadluianada
AnadadInNIRaMWlWANTILEY  wananiudrgdlarinnsdnsnlasds 3D-QSAR
(Three-dimensional QSAR) laznislianzdidTouifisyaurianassuluiana



. . . d v o Qo an
(Comparative Molecular Field Analysis, CoMFA) 3 ldnmsiwi e uasnsendszian
steric WAz electrostatic wa3anIUszney laaanamWlnmILaaIdnina alaa3nuas
IuLaan@ULmumwaauﬁ'ﬁuauﬂuéﬁa%mﬂd’m%é’ﬂmaammLLﬂsﬂiausLunéjwagﬁuf
HEPT waz TIBO dmniudayaldinmianusuiuiizniilesssiviuiuduaninl
L%amwﬁamaomﬂuﬂﬁju nevirapine Im”‘i’%ﬁLmﬁzﬁl,%al,ﬂ%smLﬁﬂuauwimaqmm:m
lanassndeylumsusasnudwanngussian bmimstiouuy  HIV-1 nasdan L
MINAUWKS (WT RT) UazsBhanimsnanawus (Y181C RT) MAununwaaunsnald
Wuivnnui Ay esewaInIoNaaain lulasvainwesisusInulnssnay lasaws
A o ' . v = ' a A A o ° . @ '
Adunus  Tryrosine 181 laiuasned  uazillefimInansnusluduniiaasnanian
Tryrosine 181 I Cysteine &IWaMWANTIUEITIROUATHIENEADINIULTIME laska
Pasauasnsgndianlasauadn taoliinsdulnssnudussndrngfauuudiaasdliin
= ' > v o & 4 o & & ' A
fsanuuanavaslasaisiamayvesagussnlslunisgussion lodnsansuuud
uaANG1INYU uanNAudINaN1IIe Mz ldannynitreaadaanuiudayaanniinaaad

AUNNIIUNUBIZTA I TIULIURZLA bera]
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szidgunazisiog
1. qﬂnsrﬁ‘ﬁlsl%‘lumiﬁﬁ%'ﬂ
1.1 Lﬂéaaﬂauﬁamﬁ PCs (Pentium IV) 2.8 MHz
12 @eSasnauRaiaes High performance (SGI)
13 1e309RuW (Laser Printer)
14 @SasRan (Color Printer)
15 ldsunsumIdiwimmanialauay (Gaussian 98)
16 ldsunsumsduwianmslauaaiansiuieads (Alchemy 2000, Hyperchem
6.0 ez Weblabviewer 3.0, ChemDraw )
1.7 TdsunsumIdiwisnisada (SPSS for Windows 10.0)
1.8 ldunudsdaya (WS-FTP)

2. ﬂ’aga‘[ﬂsoa%"mLtazﬁiﬁﬁmﬁummwmaaﬁaﬁué'fa‘lun@:u Efavirenz Twnn3siusia

anlusinnsananuy HIV-1

2.1 msswimlassaiinanlasiaswaasmiugs

lunsiinneAneunefiuduuuiugumandatoudurasdadugy  efavirenz
Imaa%”mL‘%N@Tuﬁﬂmmﬂ‘*ﬁa;gama x-ray crystallography 283 WT HIV-1 RT/ efavirenz
complex SH& FK9  uazthandiwialasitmslawdianseaitnasesszidouithe
LiRBNNIAR (MNDO, AM1 Waz PM3) way 34dle (HF/3-21G) laslusunsy GAUSSIAN
98 Lﬁ"auﬁzmL°71mﬂmaaﬁ?ﬂaﬁLaﬁmﬁq@mmLL@iaz’i%'l,l,a:ﬁﬁmil,ﬂ%ﬂuLﬁﬂuiagaﬁ"l,@i”ﬁ'u
TOYANINANDIN x-ray crystallography °1Ta§a"?‘ivlﬁmﬂmiﬁwmméﬁﬂdn%ﬁﬂﬂgj
mM3asunelasiainsvasans efavirenz ﬁmm:ﬁq@LLa:‘Lﬁ’Lumiﬁﬂmmmé’wﬁuﬁs‘szmw
Tassauasiusuamwuasmsiuissoly

2.2 ﬁ’aﬂaﬁuﬁummwwaaﬁ'aﬁugﬂun@:u Efavirenz lwnissiusotanlasd
NsaNgUUY HIV-1

Munndayanilanaiuazdnuiuaniwvassnslungy efavirenz 1w 105
f5U5znay Tasdmsnenuauaasiusuanwlsmsgussasonlofiarlad—1
(inhibitory activity) uANe9A% 2 wfia Aa TREAIEN (WT) uazzilananuWug(K103N)
I@51mmné”;fuﬁmimaauﬁwﬁ'wﬁummwhmiﬁu5’@Lauvl,énﬁmﬁ@e%m,au wazRIIUSENaU
IUI1% 60 éhmwffuﬁﬁmi‘n@aaumﬁ‘wﬁm\mw‘lumiﬁuElgdl,au"l,sﬁﬁ‘*ﬁﬁ@ﬂmﬂﬁuf 9
WenasUsenausiwin 60 sidennuwamwlumssugaenladmsaauuy
e 2 mﬁ@Lﬂumjuﬁagaﬁ‘lﬂumsﬁnmfﬁﬁaLﬂ‘%wLﬁﬂummLmﬂ@hwaﬂmafﬁnéﬁﬁqj
Tumssudaawlod (§9a1519% 1) Ardaulsanu (dependent variable) fadn log (1/C) lag

C fAafanudiututing (effective concentration) lumstlasnuioassiia MT-4 e



cytopathic effect vagianlmaitnauuuieslad1 1o 90% (90% inhibitory concentration,
1Cq0)
9 9 o o ¥
2.3 mMaaSuazamImlasiaivzaslaanafgug
Tasad95ueus09 efavirenz ldandayan1s xray crystallography 289 WT
HIV-1 RT/ efavirenz complex (FK9) mﬂﬁ?umialgﬁuﬁlma\‘iefavirenz WU 6OINLaqa an
solagldlusunsuluaaianslueads  ALCHEMY2000 4slasssireriswuaiiasyinis
ﬁﬂmmﬂ%'uimaa%ﬁaﬁl,aﬁmﬁq@ (full geometrical optimization) MILLULTRLONRTAA
(AM1) uazuoudiisla (HF/3-21G) arnmsswmndusunanitasaudrezldlaseairod
Laﬁmua:‘*ﬁa;&amim:mmlaaaLﬁnmamaaLL@ia:T,wLaqa%wzﬁﬂﬂlﬂumsﬁwmmauﬁ'ﬁ
milasaieds 9 wazh ldaieanusunutseninsdassanenunuduaninluns
fuSIuUL 2D-QSAR WazLUL 3D-QSAR
2.4 MSANHIANNTNNHE 521 I IATIATUALANNBANIN
vnmsanmanusuiuniszninlassaenuiviuwaninlunssudslasss
Quantitative structure activity relationship (QSAR) ﬁd‘f:
2.4.1 myansenuFuRiszninlassseRunuTuan Wi S IuUL
§894@ (Two Dimensional Quantitative structure activity relationship, 2D-QSAR)
Tuns@nsenusuinisznitlassafrenunuiuannlunssuss
WUURINA LA LE3DNNS 2 A5luns@nmnfa Conventional QSAR waz Hologram QSAR
2411 3% Conventional QSAR é’aa%mwaﬂmaqa (molecular
descriptor) azliiludunuvassutianelasiaisvesluanalasudaiusainguda
2.4.1.1.1 Physicochemical properties laun s lipophilicity (log
P), molar refractivity (MR) a2 polarizability (POL)
2.41.1.2 Electronic properties oW ANANNAWILUVDI
BLaN®30% (electron density) %aaﬂ"ﬁ’ﬁwaaﬂszﬁgalﬁﬂmau (atomic charges) SWUAAI
asmitldmnanmsswalasitngeiluafianfeastna sesmfonitde wwliiuds
A8 (AM1) uazuwaudidla (HF/3-21G)
mnﬁf’m:ﬁwéﬁa%mwaaIuLaqaLLa:ﬁﬁﬁuﬁu@ﬂWWIunﬁsﬂuﬂy'al,auvl,énﬁms

ﬂl']EJLL'U'LlLa"Ij vl,a f.3-1 a%wmwéfuﬁuﬂm%uwurﬁﬁaaamomﬁmam% ﬁdaumi
log(1/1Csp) = z piq; + z pjg;tc

i=l1 i=l1

d'd‘yl = 1 a A€ . . A v o
Taglunfien p, uaz P, nansfisraulsz@nT (coefficients) N1 ldannisdwinlas
ad A o . . . ' =2
ADNNINANDULTILRUNRA D (multiple linear regression, MLR) @1 q %mmmﬂszg
diinaseuratazaauluudazluanafianliluniiienilasdt MLR e M, nanois
@285L18 physicochemical properties correlation coefficient (r ), F-value (F), standard

coefficient (sd), maximum outliers WALAMNRIIN T LUANTYN U (predictive ability



Ao s

A 2 A A & & o A v o & v Aa
vin q) LNellenziaunihanga FeazidualratunuaNUFNNUWTVaIlATIRT 9N Nda
NUARAMWINNTIU LAz U lddgun1In leannisaned g n1sndainusaia be
adNIlREEATY (statistical significance)
241273 Hologram quantitative structure activity relationship (HQSAR)
RS A £ o o A = &
maﬁmwaﬂmaqa @8 molecular hologram ﬁﬁavlmnﬂmmunﬂe] fragment Nilna9a
ﬂsxﬂamaﬂmaqauﬁaLnJmLflué"aLamﬁ‘hmwﬁuldaﬂw,mﬁaga é’aﬁmwiaﬂmaqm:ﬁ
molecular hologram LANIZAD aﬁﬂﬁuﬁﬂﬂ']i%’]ﬂ’s’lué'&lﬁuﬁf‘i:wm molecular hologram
P ﬁ'uﬁ'u@mﬂum‘;ﬂ'uﬂ'ﬂ@Ui‘*ﬁiuﬁmﬁ’%min@namwmmmuwwi%a (Partial
Least Squares) MIuUINaTaILULIINEY HQSAR TlHiAuivasslsznaundanos
IuLaqa‘lummamﬁ'&lﬁ’u@nmlumﬂuEl'a 1A ULNWNINA DU T L-LARBIT IR AN
& ° v o o & £ { ') o
fragment uuaowaml%ﬂwuummwiummumgwu T AN LN BNINA AW FULA-F A
TIALAUIN fragment BUEINaYIN IR nuTRaAIWIBANTEU I8
242 MIANHIANUIUNUTIZATN A TIRIINUNNIBANIW U TEUEILUURNY
1& (Three Dimensional Quantitative structure activity relationship, 3D-QSAR)
MIANENANNFUNWTTENINATIRT N LA NN UANINIWANTEUEILLUY  3D-QSAR
% n? A a 6 A = = .
TulassaenazlsisnmviasAidalIauni Uuaummaﬂmaqa (Comparative Molecular
Fields ~ Analysis, CoMFA)  uazAflanziilSouifisuariianumiiowdsluans
. . . . . d a v .
(Comparative Similarity Index Analysis, CoMSIA) T duIsanw Computer-Aided
i & o a e & aa & | v & A
Molecular Design Tuaausianluniidianzdinigasitnuatautaloaidu 3 aunanda
1. myalaLana (Alignment rule)
ad A P o ' 2 o A
Sl,mﬁm‘s'smemum:mﬂmaqanﬂ 9 lassasmelunaasdslamad

[
o

o o A pr ] & & d' o o d' dl' a 6 aa
fnua nildueauidainduiuaaundaynge Wasnuanyianzuadis CoMFA
azldnnmudSeufisuswavesluianasauuuda UAINILFADIN (steric
interaction) WATOUATHILNDIANLATALAAN (electrostatic interaction) lWuutAcAINANNT
Aa7122893% CoMsIA azldnnmulisuifisuswavesluanaiuuufa duasiim
RLABSN  (steric interaction) BUAINILNBLANLATALAGN  (electrostatic  interaction)
auasnsenlalaslwdn (hydrophobic interaction) msl#lusaan (H donor) WazmIIIU
ldsaan (H acceptor) laglunsdnnfazldizmansluanauuuneiy
(Superimposition Alignment)

2. MINaNeAlasitaanruaznaNldy  (COMFA and CoMSIA
Analysis)

dl v L g: dl v a aa
luananldnaivldluiuseaun 1 uszazgnatainmlu 3 86 seu 9
& =2 & o o o i i o ]

luanaidulnisndngnunandsazyinliléaada (grid point) sauluanadiuwinann oiqa

aaadnadfhazdulniuezaay (probe atom) TINNITIATIZAILANUIAEUATAITLITZAIN
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Imuamauﬁ'ﬂmaqamaaé’aﬁuﬂ'aaamuuﬁa AUATNILNFADIN dUAINILIBLANLIATRUA
fin M3lUIaaw (H donor) wazm3Tulusaan (H acceptor) INUUAIBUATATINGINEN

o & A o a a Aaa . .
aa:gﬂuuwnvlﬂu@'ma o lUAeeilayssidouds cross-validation wazn1In@nat
W‘IQQELLLLUUWﬁL%Ua (Partial Least Squares)

3. nm3uUIna (Interpretation)
LUV INNATAAFASTA LAANNITIATEANIRAIULULTG 32 RN
urad btduaun1snly wan1Uss iwNa I LU U180l N NANI TN W 8E N U WO NN
{ & o o o - 2

ﬁﬁq@umzmﬁﬂmmnummsnlumammsJ (Predictive ability, q) ‘Juinaailunig
) 1 2 1 1 5
Nsanlasdn q AINAIgINIY 0.6 u,a:msu,ﬂma%mamlugﬂmaamwaaum%ﬂlaa
v a £ . g o ¢ a a A
fWU2ANT  (coefficient contour map) I AAUNASUULRIAEINAZURAILALFLT LY
(positive) uazEinRBd (negative) Tanansanuimsiiunyinznzlulasiafaluanaiiva
LN AUATATUIUUAADINUSN LRI LAUFITLT  AawNISLUUBLANATRLAGNAZLEA
lan&uas (positive) uazdidn (negative) lananununsfaarsiianyununlulassaing

Aa P L A A o an A & a a P a
I&lmf]‘a“n&lﬂizfgaLﬂﬂ@]iaufﬁd%uLwaLW&lau@liﬂiﬂ’]LLUUQL&ﬂI@]SﬁLL@]@]ﬂUSL’JM‘Y]LLﬁ@NI@EIE\’(

° ) o ¢ a a v A .
was  dmduneuimiuuylalasiinazuaaslasfvun (positive) uazdu1 (negative)
‘mnslmwudwmsw’ﬁwquJ'Lmuﬁﬁﬁmmmmmiumsazmﬂlu%u"lmﬁuLﬁaLﬁwé“umsﬁ%ﬂﬂ
LLUU"LaImIWﬁﬂSLuU‘%L’JmﬁLLamﬁwm lunsnansananswazaimaianus: lalasian
299A28 UILazLaU lrai lasNansananaaunsuasnslillsaen (H donor) lasazuaad
A . a . =2 a ' Ada o
&% (positive) WaTRaI9 (negative) ‘mnmmmuwuwLmuwmmmmmm‘lumﬂ%
lisaanluuSiaiuaasdin wazaaunisaainssulysaau (H acceptor) lasazuaaadn
A o e a . =2 A ' Ada @
§F4 (positive) WazdY17 (negative) vwmﬂmmﬂwwm&Lmuwmmmmmmlumﬁu

TvaawNal NN wAINSINTZAINUS I W LIAIFUNIT
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Build Structures and
Assign Charges

!

Set Molecular
Alignment

Add macroscopic
descriptors and
biological data

Final
Predictive
Model

ANN 2 LHUMNASANET CoMFA iiag CoMSIA
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A1319N 1 Imaa%”wwaomsﬂs:ﬂauluﬂﬁju Efavirenz Miilunguvad Training set Uz

nudwamwlumsdudaauladnistiauuy HIV-1 sfieasduuszsiiananoWus (K103N)

R\ 4CFs
N .
PN
N o
|
Cpds. X R Y4 Experimental log(1/C)
No. WT RT K103N RT

1 6-Cl CC-cyclopropyl O 8.77 719
2 6-Cl CC-2-pyridyl O 8.27 5.96
3 6-Cl CC-2-furanyl O 8.42 6.82
4 6-Cl CC-3-furanyl O 8.42 6.49
5 6-Cl CC-3-thienyl o) 835 6.97
6 6-F CC-3-pyridyl O 8.59 6.48
7 6-F CC-3-furanyl O 8.60 6.43
8 5,6-diF CC-3-furanyl O 8.49 6.55
9 5,6-diF CC-2-thienyl O 8.65 6.81
10 5,6-diF CC-3-thienyl o 8.63 6.86
11 6-Cl OCH2CH2CH2CH3 O 7.99 6.00
12 6-Cl OCH2CH2CH(CH3)2 @) 8.00 6.54
13 6-Cl OCH2CHCHCH3(cis) @) 8.36 6.63
14 6-Cl OCH2CHCHCH3(trans) O 8.25 6.39
15 6-Cl OCH2CCCH3 @) 8.50 6.51
16 6-Cl OCH2CHCCI2 O 8.02 6.62
17 6-F OCH2CHCHCH3(trans) O 8.05 5.94
18 5,6-diF OCH2CHC(CH3)2 O 8.81 7.19
19 5,6-diF OCH2CHCCI2 O 8.20 6.74
20 5,6-diF CC-ethyl NH 8.82 7.85
21 5-F CC-cyclopropyl NH

8.85 7.05
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Cpds. X Y4 Experimental log(1/C)
No. WTRT  K103NRT
22 5-Cl,6-F CC-isopropyl NH 8.52 7.82
23 5-Cl CC-cyclopropyl NH 8.60 7.20
24 5,6-diF CC-cyclopropyl NH 8.68 7.89
25 5,6-diF CC-isopropyl NH 8.68 7.85
26 6-F CC-cyclopropyl NH 8.70 7.32
27 5,6-diF CC-2-pyridyl NH 8.70 6.96
28 6-F CC-ethyl NH 8.60 715
29 5-Cl,6-F CC-cyclopropyl NH 8.57 7.74
30 6-MeO CC-cyclopropyl NH 8.54 7.40
31 6-F CC-2-pyridyl NH 8.30 6.32
32 5-F,6-Cl CC-cyclopropyl NH 8.32 7.74
33 5-Cl,6-F CC-2-pyridyl NH 8.64 7.14
34 6-Cl CC-cyclopropyl NH 8.57 7.66
35 6-MeO CC-isopropyl NH 8.42 7.25
36 6-MeO CC-phenyl NH 8.49 6.55
37 5,6-diF CC-phenyl NH 8.21 6.72
38 6-F CC-phenyl NH 8.18 6.49
39 6-Cl CC-2-pyridyl NH 8.47 6.80
40 6-Cl CC-ethyl NH 8.48 7.59
41 6-Cl CC-phenyl NH 8.15 6.60
42 6-F CC-isopropyl NH 8.59 7.57
43 5,6-diCl CC-cyclopropyl NH 8.10 7.74
44 6-Cl CC-isopropyl NH 8.52 7.66
45 6-MeO CC-2-pyridyl NH 8.09 6.47
46 5-Me0,6-ClI CC-cyclopropyl NH 8.46 8.12
47 5-MeO,6-Cl CC-phenyl NH 8.10 6.95
48 5-MeO,6-Cl CC-3-pyridyl NH 8.15 6.86
49 5-0OH,6-ClI CC-cyclopropyl NH 8.44 7.55
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Cpds. R Y4 Experimental log(1/C)
No. WT RT K103N RT
50 6-Cl CHCO- cyclopropyl NH 8.44 7.12
51 6-Cl CHCO-phenyl NH 8.09 734
52 6-Cl CHCO-3-pyridyl NH 8.34 712
@319 2 lawsaivasmadsznavlungu Efavirenz ﬁ‘l"ﬁt‘ﬂumju Test set WAz iy

N NN LNITEUEIL W lri NS 8ULY HIV-1 TRAAILANLAZTHANEN ﬂﬁuﬁf

Compds. X R Y4 Experimental log(1/C)
no. WT RT K103N RT
T1 6-Cl CC-3-pyridyl 0] 8.40 6.94
T2 6-Cl CC-3-thienyl @) 8.59 6.71
T3 5,6-diF CC-3-pyridyl @) 8.65 7.23
T4 6-Cl OCH2CHC(CH3)3 O 8.57 7.08
T5 6-F OCH2CHC(CH3)2 O 8.53 6.97
T6 5,6-diF OCH2CHCH2 O 8.19 5.79
T7 6-Cl CHCO-phenyl NH 8.09 734
T8 6-Cl C=C- cyclopropyl NH 8.20 7.1
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NANIANE

o 6 % ™ [ og: I 1
1. msmwaml,%afuLaqawaeﬂauwmm%uwammumLauvlsﬁumsmmmu
10% la 3 —1 289 @13 Efavirenz

mnmsﬁwmm‘[maaﬁ%ﬁaﬁmﬁqmaaé’aﬁuﬁamimmuu HIV-1 Iuﬂéjumaa
efavirenz  lagAtmanliaauaulasssidouitioldunsaa  (semiempirical molecular
orbital calculations) was way 89Fla (ab-initio molecular orbital calculations) LiNaiUSau
A AV oo o i AN o ' o A ad °
WUNan lenulassassuas efavirenz 7 ldannn1Imaaad I@mmmmzm’sﬁmimu’;m
AN o o v dAad o o A ~ A A ° o
wiﬂwaﬂwsﬂiuiﬂioaﬁoqu@Lmﬂﬂjmimmmwmmmmq@ WaNaziLan lavIadsg
A o d' & =< & , " a =< o o g .
manmmg@uuvlﬂﬂﬂmlmumumavlﬂ T an1za N BINMIANHIANUINNUTIZAIN
Imaaﬁ”wwaamsméﬁuﬂumjw efavirenz NUNNNWANIWIUNNTEUEILOU LB NI TE LI
HIV-1 LLa:ﬂwsaaﬂLLquuLaqaﬁuﬂ'uﬂ'ﬂmj

MIAUITLATIFTIIVDS efavirenz b LerinmMIFIwImslaasidoudTioia NI
W3TA8 1) MNDO 2) AM1 3) PM3 uazmidiwialasszidovituey 83i3le fe
HF/3-21G  mMIdnwmmlagasird funsaaazandansuszanman lwniidwi mluwaiuaag
DUAINILTTNINNEBIBYA  (two-electron  integral) v lEnIId I mEwn UL
way aNdla wanuwin NAaMIEIWIIINIT Loy BiTle LLﬁ%Zﬁﬂ’J’]NE}ﬂﬁBG&J’]ﬂﬂ’hLL@il"ff
nmlumiﬁwmmg\m’jmm ﬁaﬁfuﬁdﬁmma‘hLﬂuﬁﬁ]:ﬁaaﬁﬁmmﬂ%ﬂmﬁﬂulu"qﬂ

=1 ndd‘ 1 dl Aad n:i n:l' 3; v o dl v dl

s:mﬂmﬁﬂﬂm'smmam’mmwmm:awwq@lummuwamimmmﬂgﬂmaum:nmﬂ

1°ﬂ%ﬂ’ﬁﬁ'1 WITh NANITENTWIHLEAIAINNTI9N 3
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AN 3 WITLAIN9LATIRIIIVEY  Efavirenz  THaadlau laannn1IdiwI maleas

19 9 uWisuigunudayganis X-ray crystallography

Bond Length (A) HF/321G  AM1 PM3 MNDO  X-ray
C1-C11 1736 1.697 1.684 1.749 1.72
F2-C20 1338  1.366 1.348 1.352 1.33
F3-C20 1342 1369 1.349 1.354 1.33
F4-C20 1341 1369 1.349 1.355 1.33
05-C21 1194 1235 1.213 1.223 1.19
06-C14 1455 1441 1437 1.413 1.47
06-C21 1372 1377 1.361 1.359 1.38
N7-C8 1428  1.393 1.429 1.402 1.43
N7-C21 1372 1.388 1429 1.408 1.38
C8-C9 1415 1413 1402 142 1.41
C8-C13 1406 1414 1403 1.425 1.4
C9-C10 1405  1.387 1.386 1.4 1.4
C10-C11 1.376 14 1.395 1.409 1.38
C11-C12 137 1.395 1.391 1.405 1.38
C12-C13 1.397 14 1395 1.415 1.4
C13-C14 1559 1502 151 1.534 1.55
C14-C15 1472 1444 1452 1.464 1.48
C14-C20 1529  1.607 1.612 1.663 1.57
C15-C16 1185  1.197 1.193 1.199 117
C16-C17 1454 1414 1426 1.431 1.71
C17-C18 1452 1513 1509 1.541 1.23
C17-C19 1423 1514 1509 1.541 1.24
C18-C19 1465 1496 1.496 1.518 1.28

SD 0.092 0.118 0.115 0.124
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Bond angle (degree) HF/321G  AM1 PM3 MNDO X-ray
C14-06-C21 125 121.6 120.2 126.2 123.6
C8-N7-C21 1231 121.6 116.9 123.2 122.9
N7-C8-C9 119.8 120.9 120.2 120.6 112.8
N7-C8-C13 119.6 119.5 119 118.3 119

C9-C8-C13 1194 119.5 120.7 1211 1191
C8-C9-C10 119.3 1201 119.5 119.7 1191
C9-C10-C11 120 1201 119.7 119.3 120.7
Cl1-C11-C10 119.3 119.8 119.5 119.2 119.6
Cl1-C11-C12 119.3 119.8 119.5 119.4 119.5
C10-C11-C12 121 120.4 1211 121.4 120.9
C11-C12-C13 119.4 1201 119.7 120.2 1191
C8-C13-C12 119.8 119.7 119.3 118.2 121

C8-C13-C14 119.3 1201 120.3 119.5 117.5
C12-C13-C14 121.5 1201 120.4 122.4 121.5
06-C14-C13 113.3 115.4 115.6 113.6 111

06-C14-C15 108.2 108 106.3 106.5 108.3
06-C14-C20 105.5 101.7 105.1 104 106.9
C13-C14-C15 112.2 1111 111.2 111.5 112.9
C13-C14-C20 110 110.8 109.7 111.4 110.2
C15-C14-C20 109.1 109.4 108.4 109.5 107.2
C16-C17-C18 117.5 120 119.3 122.2 105.5
C16-C17-C19 117.8 120.2 119.2 122.2 105.6
F2-C20-F3 106.1 105.1 105 106.2 106.7
F2-C20-F4 106.3 105.1 105 106.4 106.8
F2-C20-C14 112.3 113.3 113.7 112.5 111.8
F3-C20-F4 106.2 105.2 105 106.3 106.9
F3-C20-C14 111.3 114.2 113.8 112.9 112.0
F4-C20-C14 112.5 113.2 113.4 112 112.3
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Bond angle (degree) HF/321G AM1 PM3 MNDO X-ray
05-C21-06 120.8 113.4 1121 1191 119.8
05-C21-N7 124.5 125.3 125.2 123.4 124.4
06-C21-N7 118.0 121.3 122.7 117.5 115.8
SD 3.51 4.66 4.67 4.75

Dihedral angle (degree) HF/321G AM1 PM3 MNDO X-ray
C21-C6-C14-C13 0.5 8.6 347.7 348.8 325.7
C21-06-C14-C15 220.3 243.6 223.7 2257 201.2
C14-06-C21-05 185.1 1741 177.5 181.8 196.4
C14-06-C21-N7 19.3 353.2 354 .1 1.2 16.2
C21-N7-C8-C9 1721 181.5 161.6 169.6 161.7
C21-N7-C8-C13 345.9 2.0 338.6 3495 337.6
C8-N7-C21-05 196.2 180.2 199.6 190.1 193.9
C8-N7-C21-06 9.8 1.1 23.5 10.7 14.1
N7-C8-C9-C10 179.4 181.2 176.8 180.8 179
C13-C8-C9-C10 0.0 0.6 359.9 0.9 3.1
N7-C8-C13-C12 178.5 178.2 182.6 178.2 1791
N7-C8-C1-C14 0.6 0.3 3.5 3593 1.1
C9-C8-C13-C12 0.0 358.8 359.6 358.1  355.1
C8-C9-C10-C11 0.2 0.2 0.4 0.4 359.1
C9-C10-C11-CH1 179.9 179.6 179.8 1791 180.2
C9-C10-C11-C12 0.1 359.7  359.9 3502 04
Cl1-C11-C12-C13 179.9 179.8 179.7 179.9 178
C10-C11-C12-C13 0.1 359.7 359.6 359.8 357.9
C11-C12-C13-C8 21 1.1 0.7 1.5 4.4
C11-C12-C13-C14 184 179 179.8 1804 1823
C8-C13-C14-06 15.8 354.7 13.5 10.6 24
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Dihedral angle (degree) HF/321G AM1 PM3 MNDO X-ray
C8-C13-C14-C15 138 118 134.9 131 145.9
C12-C13-C14-06 201.8 176.8 1944 191.8  206.1
06-C14-C17-C18 52.5 10 276.8 2751 46.2

06-C14-C17-C19 121 80.2 346.1 3469 111.1
C13-C14-C17-C18 290.7 2426  150.5 1511  283.2
06-C14-C20-F2 50.9 50.1 55.2 53.1 47.8

06-C14-C20-F3 170.3 1704 1754 173.3 1674
C13-C14-C20-F2 178.5 173.3  180.1 175.8 168.5

a a . AN o ° [ AN o
MIUIBULNYY Geometry 284 efavirenz Aldanmsdiiwiny Geometry e

PNNNINAFBI LUBNANTNAN Standard deviation (SD) 289ANNENINWELN l@anAT
I INIRINTL T LA TA WA LA LANNIINARDd WU T UATE R MNEaNS
) ad anaa A v 1 dl £ ad aa aa v =} & Add‘ L4
fuwimmlasAtuaudntdlaldauniinan e nd T oNaunNIas Aa 0.092  waldui TN
L’smmsﬁﬁmmumﬁq@ FATUNANIIE I Las A TLTN B NNIA WL I3 T U TA I T
PM3 uaz AM1 lvid1 SD lnalduenu@a 0.115 uaz 0.118 enudIeu sauIztdauas
fw2m MNDO lwen SD mnﬁqmvhﬁ'u 0.124

A o 4 o Aa o o AV o ° Y = Aad

arinaaunaSLuTUNTWAI WA lea NI eIzt dauds  AM1 Ay
PM3 sndaunununaunasintui ldann X-ray crystallography (3Uh 1) wuaaunasi
Tuf laanszifovd® PM3 aziboaiwnlian wawes X-ray crystallography a1nnin

2 08U3T AM1

ANN 3 mMyTawnunuwuadnaunasiutuuad Efavirenz THAAILANN LGAINNNTRIWI D

gl
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su1douds PM3 (fnfies), AM1 (Fouw) wazaauwesiutunlaan xray crystallography
a :’ a
(&®iN13u)
=S L= ' =1 A =1 ad ) ad aana
NARANIANEaINaMINFansziduuiTmsd i adiTuavdidla (HF/3-21G) uay
SRS RNANNIAALLUY  AMA1 Lﬁal“ﬂumsﬁmamﬂ%’uimaa%wmaamimgﬁuﬂumju

. = =< o o ¢ ' o o o '
efavirenz L8 LT LNIIANENANNRNABTTZHII L ATIRIILA N NN U AW AIZN 6 a b

% o 3 1 o
2. ﬂ']iﬁﬂ‘]sl"]ﬂ'J']NﬁNW%ﬁ‘Jz‘Vi'J']\‘]Tﬂ‘Na‘::']\‘l LASNNNWANTN

_(Quantitative structure activity relationship)
21 MIANHIANNFNARTTER I LATIETIILAL A NN UANWLLUFBIN A
(Two-dimensional quantitative structure activity relationship, 2D-QSAR)
2.1.1 MTANHIANUFNNUETLTRINILATIRI LA ANIUANTWILLL
conventional-QSAR
MIANFIANMNVFUARTTEWINILATIRINUANNUAMNULLLFEINA  (2D-QSAR)
madmiﬂizﬂauiumju efavirenz lagvinmIatsauifisunamaswimi leanszdouis
A EURSAa Ao AM1 uaz 52803t way 9i%le Ae HF/3-21G @9 udazitezliawiia
L%GSLﬁﬂ@]iauLLazﬁNﬁaL%dINLﬂQﬂﬁLL@Iﬂ@iNﬁ%
2.1.1.1 amﬁT@L%a'éLﬁﬂmauua:awﬁaL%ﬂmaqamadmiﬂszﬂauh

ﬂéj&] Efavirenz

suddisBianaseuvasanstsznavlunga  Efavirenz  s1anIn
afunelasliszagnd (Atomic net charge) B84az@ay Cy, Gy, Cy, Cs, Co, Cr, Cg G,
Cior Ci1, Hiz Hiz His Fis, Fie Uaz O Miulassaiinanaessnilsznauaiuaes

AN 4

H13 Hll

NN 4 lavssananuadanstsznay Efavirenz
sudaiisluanazasansUsznavlungn efavirenz AN waz
ﬁnma%mﬂauﬁ'aL%ﬂmaa%“’mmaﬂmaqalumsﬁusTaLauVLGnﬁmizhmmu HIV-1  o%a

aaLeu laun Lipophilicity, Molecular refractivity, Molecular mass, Molecular polarizability,
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Molecular volume, Surface area lasauy@iBiBidnaseuuszautiaialuianaldnnms
fwiuaszidaui® AM1 waz HF/3-21G

2112 MIMLULFI80ILEAIANNRNANUTIZRINIIATIFIINY
Ausuanwlumssussewlsimsnouuy HIV-1 uusasiia (2D-QSAR)

MIMUULIN R DI UERIAMUFU AU Iz aNT AT laseanany
Auduamwlumstussawloinmssnouuy HIV-1 %ﬁ@@%@mmwﬁ@ﬂmﬂﬁmj (K103N)
WUUREINA  (2D-QSAR) UM IETHANURNARTIERIIRNTALEIlaTIRINLANN LA
nMwninw vessnsUsznevlungy  Efavirenz  lugdvesuuudrsassunsidodu
WnAk (Multiple linear regression model) TunsgennuFuR RS ITniN laTIa I Ua
saszneulungy Efavirenz Autuiuawlumssussowladnsinauuy HIV-1 sis
Lmuﬁmamumn?jaLﬁuw*qﬂm“qmmuﬁ'Lﬂuvl,ﬂvl,ﬁgna%ﬁa%u wazrn i launusaoh
LEAIANNFNNUTTIWININ TsimIRTnganwasuuuiInesnndneada e
LN @1 Correlation coefficient (r), R-square (r2) ez Standard error of the estimate (s)

NANNSANENINTFIIANNFNAUTIE RN lATIFI9rNTUsenay
lunga Efavirenz Autuduamwlunssussewlmimsiewuy HIV-1 sliaeady (WT)
wudmum‘imamumsﬁaﬁq@ﬁu,ammwﬁuﬁufawﬁ@L%aiﬂsaa%”nﬁvlﬁﬁnﬂﬂ’mﬁ’lmm
sesadouds AM1 Ausuiuenwlumssussonlainsinauuy HIV-1 siaaad fe

LLUU'ﬂoﬁﬂadﬁﬂJﬂﬁi‘ﬁl 1
log(1/1Cqp) = -0.008(F0.001)MS + 26.405(F5.160)H,, + 0.553(F0.149)Cs

+1.970(£1.705) (1)

2
r=0.766, r = 0.588, s = 0.1503
o Aaa PN o o ¢ va A v AN o
LLmJﬁl’laa\‘iawﬂ’li‘ﬂ@‘ﬂqm‘ﬂLL@@G@’J’]N&&JWWE&NU@Lﬁdiﬂi\‘lai’mﬂvl,@lﬁl’mﬂ’li

fmensztdsuds HF/3-21G  nunuduan wlunisgusgsianloinsanuuwuy  HIV-1

FRAAIAN ADUULSIRAIRNNNTN 2

log(1/1Cq,) = -0.0538(0.008)Pol - 0.139(10.027)LogP + 3.247(+1.282)C,

-1.156(F0.512)C, + 8.843(10.752) )

r = 0.848, F=0720, s=0.1228
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] ]
aada

mﬂmim%ymﬁUuwmfﬁLLUU'«imaaaumw@mgmiumia%mUmwé'uﬁuﬁ
erIaNUAdlassaenunNNwannlunssugsew brainsaneuuy  HIV-1  odla
g: =Y ) 1 aAa 1 2 o { ¢ v
A9LeN TauRNTNINAIMIIFDA Aad r LAz r ABLUUIIRRIRNNIN 2 F9ldanms
fMurmaradunsf laanmsdwiamaiosudouis HF/3-21G
dafuefidingluuuuiiaes QSAR dwiuansisznavlungy efavirenz i
dq/ v & 1 L5 a YA A A & =) s a wva A A
AR INGI0T U RNTAEIBIANATOU Aa C, WAz C LLazmaﬁmanmmImaqa fa
Lipophilicity &z Molecular polarizability — daduaraTuisNandanuIBaNIW
a g; 1 a g: a s a ng s a
lunsgugaenlasimsiouuy HIV-1 sfiaaadn nnauds=andresaliatune  Cy was
AL A I3 . @ e o o &
C, ssNvowndu Active center maﬂmaqa WEAILAARINUANIUAN WU LI
QI J v ] a =) { = =) ‘§ v
WY D1RINAAANNAWILUBNITNIZANLBLANATOULSII Cy LNV T@NTNIN
1040105118 Gy Hduduuin HTliiAwImunun X vTmdiaTune G, avazu
O . . R L A . A A
wiasB1anaIaYn (Electron withdrawing group) uansiwuinfidiunis Cq VL&JN‘M%JLLYMVI X
la9 uddaiune Co IANNFNWUTEY (High correlation) ALGI8TLY Cs, Cg WA Fyg U
AU Fog lfingunun X lag saundunibs G ngunuil X 1w H dauuidsdas
a d' o ] J [l cl' < -aid A« v % 1
RTanAdiunis Cs Towgunui X mnﬂuwmaamﬂmaﬂm I@Ug}"lmnﬂmms
= & R a =2 ) o
nenederes G ssenduuininnwizaunindsdidnasen IVTHINA ARSI
1 dq’ ] Qs L= L g: v J dl o 1 =
ﬂszﬂaunqummmmﬂwuu@mwhmmumvlmgwu luamendunis C, Hanunu
] A« di o a n€ v a A | ﬁ n%’ v
winlunsnszansdianasauunn Wasnnsudssandwindiadune C, aduay ToblA
& ' A I 9 va & . \ A
AITAUUNUN X msauﬂumﬂmmﬂmau (Electron donating group) LL@lﬂi’mg’J’m
duniks C; Inajunui X 1w H uel C;, IAnuduiUsgs (High correlation) udaTing
Cs lanilen Correlation AL -0.9794 33RINTANGILAUS Cq %a%%il,muﬁ X mnﬂumd'
A9 oA & oAl o | A &
nlidianatauldd lasgldandiminizanolzgves G Baammdusuainniwnzaauns
va 1 v 1 ¥ 1 L= L Q gj v J
Iv.aLﬁﬂmau’?ﬁw:mwai%miﬂs:ﬂaunqwﬁuammnwummwiummumvlﬂgwu
ﬁ'm%'uéf'sa%mﬂauﬂaL%ﬂuLaqaﬁﬁwﬁ'@lmmuﬁmaa fia Molecular polarizability W&
@ a £ @ a en A A v & [
Lipophilicity mnmauﬂszammmmaﬁmsauumLﬁaIwLaqaL%awﬁ uaRIlAAwI  Aw
Q Qs g; QI J g: { 1
wu@m‘wlumwumﬁmwwumﬂﬁmm@mwLﬂummaﬂmaqamLﬁaaﬁ]’mm
FUUILENTVDIAI8DUNY Molecular polarizability tJ%ay Lazaa Lipophilicity maaimaqa
o { | a £ @ A . e s
1¥aaas WhasnaaulszanTuesaraTune Lipophilicity LHuau
#anINRLIUTaRN I TMLLLIR 09N lF N TF wI N T ALTIlATIRI 90
2 douiD HF/3-21G f'ﬁJNam\ﬂ:mda%“nﬁ”l,@?mnmimaawaomiﬂizﬂauluﬂq’w
efavirenz ﬁLLammﬁ'uﬁu@mwgalumsﬂ’uEl'al,auvlsﬁﬁmsmml,uu HIV-1 THaadlfs Wy
dﬁ“ﬁagaﬁvlﬁmmwm‘haaaﬁmmmﬁﬁma%mﬁmﬁ?uamﬁuﬁummwmaﬂuLaqamaomi
Usznavlungy Efavirenz leiduatineg
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wamiﬁnmmm%amwé’uﬁ'uﬁ’izmﬁﬂmaa%ﬁwaamiﬂi:ﬂauluﬂ@;u
efavirenz fiunwsuamwlunsgudaanladnistsuuy HIV-1 nanawWug (K103N) W
d’]me"’]aadawmiﬁaﬁq@ﬁLLammmé'wﬁuﬁ‘awﬁ'aL%ﬂmaa%”ﬁaﬁ"lﬁmﬂmiﬁwmmﬁ’m
= ad Qs Qs > Qs gj 6 1 a g; a A
o duUAT AM1 nUANAUANIWIWNNTEULILaw LTI IENUULLUL HIV-1 TRaadlaN Aauuy

$18098NMTN 3
log(1/1Cg) = -6.439(F1.535)0,4 + 0.044(£0.008)MR - 0.005(F0.001)VOL

+7.050(£0.879) (3)
r=0842, r=0709, s=0.280
Lmuzﬁmaaaumsﬁaﬁq@ﬁuamm’mﬁuﬁufauﬁaL%aiﬂiaa%ﬁoﬁvl,éfmﬂnﬁ
fwminssdouds HF3-216  nunuiwamwlumssussawlsdmsinouuy  HIV-1

mﬁ@ﬂmﬂﬁuﬁ: ﬁauuuéﬁaaaaumsﬁ 4
log(1/1Cqo) = +0.062(F0.006)MR + 14.245(F2.551)Cq - 9.006(F1.789)H,,

+0.071(£1.333) (4)
r = 0.890, F=0792, s=0250

mnmuﬂ%mmﬁsmwui']u,uuﬁmaaaumimﬂmmm‘haaaﬁﬁﬁqﬂlumsa%mzl
AMNFNWUTTERIIFNT LTI LATIRIINUANNUA AW WAL HILa% brsdnTEN 8 LU
a o { a 1 aa 1 2 ﬁ £
HIV-1 silananawug (K103N) aRTANNNAMWEaa Aod ruaz r fa Faldanms
furmaratunsf laanmsdwimausuidouis HF/3-21G
v & 6 1 a o ¢ oA a 6
”Lummuml,au"lmwmimULLuu%u@ﬂmywu‘gmaaaﬂiﬂi:ﬂauluﬂquamnmimj
Matungsutavasdianasansaluaradinandaydanudwanwlumsgugalaun Cq
WA Hq, 108 Cq ﬁmmé’wﬁuﬁgoﬁu Cs AdhMLilaRNTINIINA LRIV IR UNUANL T
dl |4=|I | 1 . . = 1 Y o A 13/
X fimzagf Cs avazLiluny electron withdrawing 3sazdanalwdnusiuamuilagiun
wanintuirsuiadluananiidennuddydeansdudieulsifa molar refractivity

(MRyzaslatana  aenuluanafdngunuindanuinznzanazdanalidiuduaninly

u

o & X
ni1sgy El\‘i's;(\ﬂl%
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2.1.2 MIANHIANNFUAUTTEWINILATIRIIUAZ AN UANWILLL lg
Taunsy (Hologram quantitative structure activity relationship, HQSAR)

HaINNTANEINDILLUSaedlalaunsufiasieannsinsiaing
Funut seninslassahenunuiuannlunsiudsewlodnmsaiouuy  HIV-1 1
TRARILAN uwazzilananuWug (K103N) fanwidedelunmssiaussdilszansnmnly
MINUILgY sauaadluaef 4 lasfen rzcv= 0.655 Uaz s-press = 0.141 §1WIU
wwudaasfissaniuiuanwlunssussowladmsinouuy HIV-1 Theands  uas
.= 0.783 UAas s-press = 0.256 &L LUUSIRasRET9nAuT R Wl TEUL
tawlasinmytnauny HIV-1 sfanaiswug (K103N)
59A 4 UFAILUUS8E9189 HQSAR maoamgﬁuﬁ‘maaéﬁﬂ'uf?aﬁﬂwﬁmswﬁﬁﬁmu

52 T3

LUUINRDY Ausua AW T noc o SE,, ¢ SE
1 WT HIV-1 RT 4 0.655 0.141 0.871 0.118
2 K103N HIV-1 RT 3 0.783 0.256 0.854 0.132

[ e‘d' U o v = 6 o v

LHWNIWABUNIIN laa1nULUsIaed leuaaifsadflsznaudanvas
Imaqa (molecular fragment) NANaAanNNWANIWIWANTEUEILW kM TEN8wUY HIV-1
(gﬂﬁ 4-5 ) 198TURAINABONNNILTARVBIRVDILARZ DA NN ANAAD N TURAINNUUA-
AN URLLDANIT ﬂ&jwﬁu,m (LAY UAIRY FU) LLam’hmqiua:maw%aaaﬁﬂi:ﬂaum&h
g o & A 1 Aaa A A Y a a . ,
HAAAMNRINITD MANTE UL lumm:wnqwamm (1R Wehiu 1387) ugasinga
22AANWIDDINUTZNAULRETLANNAMNRINITD MbNTHU L

A= A A & & !

INUNBNIIN HQSAR NANENTnIanNI I uuduazian krainsonauuy
HIV-1 (U7 4-5) ldinenasiily uafasddn AUSiiasaulwsansay (binding pocket)
ARNITUNTINGY HAMTANWUIIAYUNUN X NEURS Cs 0 Cg Lilupamlsznau
fanlunusasiuduanwlunsdugsenloiduaasdomdoluzun 4 wy OCH,
imzfidunis Cs  nyunuil z fe azaawlulasian usz Wy CC-Cyclopropyl UNufl
AFIURUY R QILEAIRIAREY  luamen  Z LﬁaLmuﬁ@T’sﬂamauaaﬂ%mmmmyj’
OCH,CHCHCH;,(trans) tmzidiunis R vilanusduaniwlumsdugaanladnisane
LUURARIAILFAINIL R ﬁaa&aﬁ"lﬁmnLLuuzﬁﬂaaa%’tﬁﬁuﬁammLL@m@hwaoImaﬁN
néenasgugenlslunsgussenladnsteuuuieslad-1 shaasduuazsianais
WuT (K103N) WiaRsanununInaaurinifnldnnnsdansnig QSAR Jaunulnsams
a a é I3 a c‘ a L Aan 1 %] s g; %] 6 1 Y] Qs
wlalaslWin FaduwuSmiiiaauaInsu1IznINaItUgINULak lTIwLINgaaaARaINU

ﬁa;&aﬁnﬂmsmaaaﬁmmﬁuﬁmmd’mmsﬁude WRZLO Ll
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ulon

NINN 5 (D) WHUMWABUNAIA LannsAns lasseidouds HQSAR 2RI EuEs
efavirenz 17 (1357197 1) nutau lodmsansuuuriaadidy
(@) LHWAWABUNATN ldanmsAnslasszdsuis HQSAR TerIndaraued

efavirenz 21 (A357197 1) Autan lrdinmsansuuuriaaddy
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(V)

AINN 6 () WHUMNABUNAIA leannsAnslasseidouis HQSAR TeRINIGEUEY
6

efavirenz 2 (M 797 1)Auiewladnmsmounusfianaswus (K103N)

(W) LEUMNABUNIIA LanMsAnElasseidoudT HQSAR Seninaasuss

efavirenz 46 (747 NNuLawlmimMItouuuTRana1BAUE (K103N)
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2.2 MIANEIANNFURHTIERINlaTIR A UANTRA MW T IV E
(Three- dimensional quantitative structure activity relationship, 3D-QSAR)
2.2.1 '3%71'1331,@15’1:1»71,%\1Lﬂ‘%ﬂmﬁﬂuauwwmaﬂmaqa
(Comparative Molecular Fields Analysis, CoMFA)
2211 wuusiassneurdmIuNssussewlinisinewuy
larled-1 vasmnslunguayiusawdoisud
lavinmsaouuuitassnaunilasdSoufisudranuigeie
PoIuvUiaesfidmmanTanslasiasdtussdsstodioufisaas AMI  uaz
woudiifle HF/3-21G wamsfnmaindImanInasluuuasinenrzaImnTayRULs
vdsutlumstussewloimysououierled 1 wwussduwaznaewus (K103N)
GouaadluenTIon 5 uar 6 MUEIGU WaMIENEIWLILUSIaeInauNIf ldanms
AU UFNTAN9IATIFNIALIT AM1 Uz HF/3-21G VL@‘TLLum‘haaaﬁﬁﬁaluﬁmqmmw
maaﬁaaﬂwﬁﬁle&wﬁtyLLazqmmwlumiﬁﬁmUﬁwﬁummwﬁm%’umiﬂ’uﬂy’uauvlsnﬁﬁ
waneanunsFasTiia  lasuuuiniaasiansaniviwanwlsnssudsenladnstne
WY HIV-1 sfiaealauiien (= 0687 W8T s-press = 0.155  UAZA1  ro= 0.656
LAz s-press = 0.059 Lﬁ'aﬁﬁagamﬁnﬂmsﬁﬁmmﬁuzﬁ%‘ AM1UaE HF/3-21G anus1au
fvsunuiaasfissntuiuanwlumssudaewlainsiauuy HIV-1 sianans
Wuf (K103N)  Hfn o= 0.804 WAz s-press = 0.224 UAZA1 o= 0762  UAe

s-press = 0.094 Lﬁaﬁn‘*ﬁagammﬂmiﬁ’]mméﬁﬁ% AM1ULas HF/3-21G eMUa1QU

v
e~ A

ST UNANN TAN B AN LEAI S UATATENBIFIT IR WA
G0LawlTINTENLLUL 2 UUAD AUAIASEIAAEIN LazAuAIAIENBIanlasaLadn lay
mﬂLmuénaaoﬂaumﬁaﬁqmzmme&wﬂszaﬂ%gmaaﬁaa%mﬂuaumma@uﬂumw
ABUNIS positive coefficient contour map ‘Vm’]Elﬁ\‘iﬂ’.lil,‘ﬂl&l5%@]55%&1’11%1@50&%’1@1&1LﬂQﬂ
LﬁlaLﬁlwm’mmmmlum‘iﬂhg& LR negative coefficient contour map RUNBTY AITAA
ﬁumﬁ%miﬂmaﬁwiuLaqaLﬁmﬁlummmmmlumiﬁug\i Tunsdneniinsiawe
duasiznvaslaseaiioluiana Imda%“wﬂuiuLaqafu%zLLa@aﬁoiﬁsmzl,'é'ﬂ@@iavl,ﬂf:
Green coefficient contour map LLamﬁamiLﬁué’umﬁ%mLLuuaL@a%ﬂlquLaqaaz‘*ﬁw
RuanuaunsolumIguss Yellow coefficient contour map WRAIEINIAASUATATEN
LLUU&L@Q%ﬂl%I&JL@QM]t‘ﬁ’JULﬁNﬂ’J’]&Ja’m’ﬁﬂluﬂ’ﬁgugd Red coefficient contour map
LLa@aﬁaﬂ’mﬁumsﬂi:mﬂ’éLﬁﬂmau‘lﬂuLaqaﬁ]:‘*ﬁamﬁummmmmhmﬁuﬂy’o Blue
coefficient contour map LLamﬁamsa@msmzmy‘éLﬁﬂmauimaqaazmULﬁumm
sansaluseiue

aehslsfanuifiasanuuusiasefildanmaswmenianelase
A9 TUEIEAT AM1 uaz HF/3-21G Sisanumansalumsiwsuszinidn
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maammaaﬁagaLLa:@iﬂﬂﬁLﬁmﬁu LELNANITININLATIRIIVDIAGUEIN [FaINNT
FUWITNY 2 WUL WUANAT HF/3-21G TilasdaieninatasdnuNanInaaasn1dnantand
Liﬁmﬂﬁq@ AU RANULLUFT1IRIN ldaNNIIR I e AN LA T98319a283T HF/3-
21G altlunyienzvdald AN T LFONLULSINEIN 5Uar 6 &I1RIUNNT
a o & I 1 a o A a @ & o o

aﬁmsm'mmmLauvlﬂmmimmwwu@mmmmwu@ﬂmUwug (K103N) @N81aL

®1519N 5. LLamLLumi'mamawﬂwaomsm&ﬁuﬁ efaviarenz N6 1NNIR I I TU

lassaalasds AM1 (52 lassad)

Model Inhibitory Activity Field noc rzcv s-press  Steric contribution
Type
3 WT HIV-1 RT Both 6 0687 0.155 54.2
4 K103N HIV-1 RT  Both 6 0.804 0.224 52.4

A1319N_6. LLammei’]aamauﬂwaamsmgﬁuf efaviarenz ﬁvlﬁmnmsﬁwmmﬂ%'u

lassanalasds HF/3-21G. (52 la9a39)

Model Inhibitory Activity Field noc rzc\, sS-press Steric
Type contribution

5 WT HIV-1 RT Both 6 0.656  0.059 58.8

6 K103N HIV-1 RT Both 6 0.762  0.094 54.4

AIWN 7. ANUNBAAWIWATEUEIaW krin1sansuuULaT eI ldannn1Imaaaduas
rinslasuuuitaasneuwifiegluzlues log (1/C) vasidubdalungy efaviarenz Miilu

nguYad Test set (8 1A19a3N)

Copds. No. WT RT K103N
Expt.log(1/C) Calc. log (1/C)a Expt.log (1/C) Calc. log (1/C)b
T 8.40 8.37 6.84 6.20
T2 8.59 8.45 6.71 6.91
T3 8.65 8.48 7.23 6.41
T4 8.57 8.14 7.08 6.37
T5 8.53 8.21 6.97 6.29
T6 8.19 8.85 5.79 6.96
T7 8.17 8.07 7.52 6.84
T8 8.10 8.48 7.11 7.52

? AW NN VN WBANINANNUUUIRIA NN 5

b , e o o {
AUWIUANNABANINNNULLI18BInaNNN 6
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Q)]

(V)

AN 9 (D) WHUWANABUNATA leanmsAnElasTeidoui CoMFA 2iINedsues
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2.2.2 AfltanziidIvuiisudrfiaiiuiniiounisluiana

(Comparative Similarity Index Analysis, COMSIA)

2221  wuudassnandsdwiunssudaewlminnsiauuy
larled-1 vasmslunguaniusawdoisud

lavnmssisuuuitassnendalasisuufisudanuingete
PoIuLUiansfidmmauianslassavasmsussse tiliaufsen AM1  uas
uwauBuatle HF/3-21G wamsAnmaINENIERIIREIlULLINRaInaN BT IATOUNUT
s nuslunssugsonlodmsiouuuerled 1 wuanGuuaznasRLE (K103N)
GouaasluenTIonN 12 sy 13 MUEIAU NaMIENEWLILULS aosRnauEefi leanns
FUIUFNTAN19IATIFIIAI83T AM1 ez HF/3-21G Iﬁwaﬁﬁﬁv‘ﬂuﬁmqmmwmoaﬁa
adnsfituidmuazlszinnmlumsiwetiuduanwdmiunssusuewlsdfiuan
fanunssasniia  lasuuusiaesiasannuiwanwlunssudsenlsinmsaisuoy
HIV-1 5Raaateulien ro= 0.670 UAT s-press = 0251 UA%A1 ro= 0.740  UAS
s-press = 0.140 L:fiaﬁﬁagammﬂmiﬁwmméf’m%% AM1Uaz HF/3-21G enugau
fnsuuuUiaashissniuTuanwlumssussawlodmsaneuuy HIV-1 sfianans
Wug (K103N)  Hfn o= 0789 WAz s-press = 0.241 UAZA1 o= 0.794  UAS
s-press = 0.258 Li‘iaﬁﬁagammﬂmsﬁﬁmm@T’m‘i%‘ AM1Uaz HF/3-21G enagau

FWSUNANTAN BN NLE BT LRI S UATAS BN VBIRITU A TIT)
NAGaLAWITINTENEUWUL 5 WUUAD OUATNILNRLABIN OUATNILNBLANLATRLAGNH DUAT
Asenlalaslwin auasnsonmslilusaenuazauasnsonnssulyseen luitueadsiny
mMiAnEaauni sanTniasiondaul e antuessiesunsluaunsuaasdunw
ABWNIS positive coefficient contour map mﬂﬂﬁamﬂﬁ'ué’umﬁ%miﬂmaa‘%ﬁﬂuLaqa
Lﬁmﬁummmmmlumiﬁu5\1 ae negative coefficient contour map AT AITAA
é’umﬁ‘%mlﬂmm%o‘[maqaLﬁaﬁwmmmuwnlumsﬁug\a Tumsanwniimsiane
auasnimnvaslasaaialuana ‘[maa%alu‘[uLaqummamﬁoimauﬁm@iavl,ﬂf':
Green coefficient contour map LLa@\‘iﬁx‘iﬂ’liLﬂINET%@I??]%U’]LL‘U‘UE‘TLG]a%ﬂsL%ISJLaQMIZ"ﬁ’JEl
Lﬁummmmm‘lumsguﬁgd Yellow coefficient contour map LRAIDINITANOUATAIEN
LL‘]JUKL@]EI%ﬂl%I&JL@Q@%&“ﬁ’]ﬂLﬁ&lﬂ’J’]Nﬁ’]&l’]iﬂluﬂﬂigﬂJa‘:\T Red coefficient contour map
LLamﬁamSLﬁwmsmzmUELﬁﬂ@]iﬂﬂﬂNLaqaﬁ]:"ﬁamﬁumwmmmlumsﬁuﬂg\a Blue
coefficient contour map LLamﬁomia@msm:mﬁ’éLﬁﬂmaﬂmaqmzmULﬁumm
sunsnlum3tuss Magenta coefficient contour map waasasmstinanuwlalaslu
ﬁﬂlquLaqaﬁ]:ﬁamﬁ'ummmmmlumsﬁuﬁg@ White coefficient contour map W&@9E4
mia@mmLﬁ'fl%"lﬁi@ﬂﬂﬁﬂhiyLaqaﬁlzﬂhmﬁ'wm’mmmmlumﬁug\i Cyan coefficient
contour map LLamﬁamsLﬁwmmmmmlumﬂﬂﬂwauluimaqaaz"ﬁamﬁuﬂ’nu
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aansnlumasuea Purple coefficient contour map LEAIAINIAAANNEINTRIWATIH
IﬂmaquIsJLaqaﬁlzﬂhmﬁwmwmmmlumsﬁuiﬁ Orange coefficient contour map
LLamﬁomsLﬁummmmimluﬂwﬁuiﬂimauluiwLaqafﬂzﬂhmﬁummmmmlums
fUsls White coefficient contour map uEasAsmIaaaNuaInsalumsiullTaeuln
Imaqaﬁ]xﬂhmﬁwmwmuﬁnlun’ﬁﬁug\i
agalsfenuilasanuuusisasfildnnssrmmantianislaseasi
PRIV AMI waz HF/3-21G fdnamuamunsnlumsvnouszivédues
Anaifgauazarlndifonu walafiansmnannlasseinsasiasusflaanms
FWIINg 2 LUY WUI3E HF/3-21G Itlassasfilnaidsanunammesssmonaniend
Lﬁﬁ&hﬂﬁgﬂ Gt adenuuninaesildanmsiwimsuianslasaesasds HF/3-
216 Waltlumyinesidaly nuAoRsonidenuuudiass? 9 uaz 10 &wMsumMsI
a%mﬂmsﬁu51‘1Lauvlenﬁmifhmwwﬁ@ﬁmammwﬁ@nmﬂﬁ'uﬁj (K103N) @816
a3197 12. ULEAILLUIIRaIRENLELVRIRNTAUNUT efaviarenz AlFanmIsw msu

lassaalasds AM1 (52 lassasd)

Model  Inhibitory Activity Field noc  re s *  SEE F
type
7 WT HIV-1 RT Al fields 6 0670 0251 0905 0.092 68.45
8 K103N HIV-1 RT Al fields 4 0789 0241 0897 0198 1156

a . 2
conventional r
Glﬁi’]dﬁ 13. LL&@GLL‘U'U‘ﬁ’]aadﬂaNL‘%Umadﬁﬁia%ﬁuﬁr efaviarenz ﬁvlﬁmnmiﬁﬂmmﬂ%'u

las9a19lae3s HF/3-21G. (52 las9aii)

2 2a

Model Inhibitory Activity Field noc ry s r SEE
type
9 WT HIV-1 RT All fields 6 0.704 0.140 0.917 0.074 73.256

10 K103N HIV-1 RT All fields 3 0794 0.258 0.887 0.191 122.688

a . 2
conventional r
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MW 14. ANUNBANWIWINTTUEILaW krinnstnsuuULaT ladf ldannniImaaaduas
rnslasuuuitaesnaudanaglugvad log (1/C) vasidusslungu efaviarenz Miilu

nguved Test set (8 1A39a3N)

Cpds. WT RT K103N
No. Expt.log Calc. Log Expt.log Calc. log
(1/C) @rcy’ (1/C) (1/C)b
T 8.40 8.27 6.94 6.15
T2 8.59 8.47 6.71 6.49
T3 8.65 8.35 7.23 6.08
T4 8.57 8.00 7.08 6.61
T5 8.53 8.13 6.97 6.64
T6 8.19 8.76 5.79 7.08
T7 8.17 8.04 7.52 6.34
T8 8.10 8.23 7.1 7.27

? ﬁ’m’amﬁﬂﬁwﬁuﬁmﬁwfiﬂﬂLLUU«’ﬁ’]aa\‘iﬂaNL‘?Uﬁ 9
b P o d
ﬂ’]%’JﬂLﬂ’]ﬂN&Ju@m’IWﬁ]’lﬂLLU‘]Jﬁ]’laE]\‘iﬂalll,%ﬂﬁ10
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Experimental log(1/C)

dl 1 a b s g: 6 1 a 1
NINN 10 ﬂi’W‘lLLﬁ@OﬂWﬂ&l&l%@ﬂ’]Wl%ﬂ’ﬁﬂﬂJEIGLauvLsﬁNﬂ’]iﬂ’]ElLLTJ‘]J La"n"l,m 1 ?ladﬂQEJ
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(v)

NN 12 (n) WHWATNABUNITRUNN Steric, electrostatic, hydrophobic flaannnsdnm
TagsaidouiT CoMSIA 3:WINIaIEUEY efavirenz NENWIBIATIRITINA8AT HF/3-21G

Autenlaimssnsuuuriaadda
(V) LHBATWABUNISFUY Steric, electrostatic, hydrophobic 71 l#aNnANTANTA

Tag3zdauAT CoMSIA 329U efavirenz NENWIBIATIFTINALAT HF/3-21G Nu

tewlrdnsthouuurianaswus (K103N)
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mwlunmsdugsiawladnisdrsunurfieasdugiiige) laserdunannislasaaing
ARNUARY (Bioisosterism) ¥inlwainnnsanuuulassaindlavaionuy weatlafansanen
nsvinenuduanwaasluanafldeanuuulnianuuuiraesndngaudinuirilase
o Aq o, o o o A v a a a a e

gnlAd I weanduanwinlnatdosuazininansdsznaudnioisudn 46

1 5 1aT9g9 (P1-P5) a9uaadlua1sen 15

A1319N 15 Iﬂix‘]ﬁ%’%‘l“ﬂﬂﬂINL@QﬁﬁQﬂﬂﬂﬂLLU‘UI(ﬂEJLL‘IJTIJ?]Q’IRQGTQGQQNL%ULLazﬁ'}%WUﬁW A

duanlumsgudeuladiiarledsianauwus (K103N)

Cpds. X R Z Experimental Predicted
No. log(1/C) log(1/C)
46 5-MeO,6-CI CC-cyclopropyl N 8.12 7.73
P1 5-NHCH,3,6-Cl CC-cyclopropyl N - 8.15
P2 5-NHNH,,6-Cl CC-cyclopropyl N - 8.14
P3  5-MeO,6-Cl CC-C3HsNH, N . 8.10
P4  5-MeO,6-Cl CC-C3HsNHOH N - 813
P5  5-MeO,6-Cl CC-C3HsNHNH, N - 8.10
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Investigation of Structural Requirements for Inhibition of HIV-1 Reverse
Transcriptase Inhibitors in the Class of Efavirenz Derivatives, using Comparative
Molecular Field Analysis and Comparative Similarity Indices Analysis

Pornpan Pungpo' and Supa Hannongbua®

! Department of Chemistry, Faculty of Science, Ubonratchathani University, Ubonratchathani 34190
? Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900

Introduction

Efavirenz, a potent non-nucleoside reverse transcriptase inhibitor (NNRTI), has been
approved by FDA for the treatment of infections (Sustiva' ") [1]. Although HIV infection is
generally well controlled by efavirenz-containing regimens, a number of patients develop
resistance to the drug through a mutation in the viral reverse. In these patients, the K103N
mutation is present in over 90% of the RT sequences examined, leading to a significant
impact on the sensitivity of the virus to the inhibitor. Since the current available drug cannot
cover enough to completely eradicate HIV within the AIDS patient, there is a continuing need
to identify improved agents within each class in order to provide the optimum clinical
benefit. In the present study, three dimensional quantitative structure-activity relationships
(3D-QSAR) based on Comparative Molecular Field Analysis (CoMFA) and comparative
similarity indices analysis (CoMSIA) to determine the structural requirements of efavirenz
derivatives active against wild type (WT) and mutant type (K103N).

Methods

The starting geometry of efavirenz was taken from x-ray crystallographic data. Two
different biological activities were reported active against WT and mutant type (K103N)
HIV-1 RT. A set of 60 efavirenz compounds were considered [2-5] and fully optimized by
ab-initio molecular orbital method at HF/3-21G level. To determine relationships between
structural properties and HIV-1 inhibitions, comparative molecular field analysis (CoMFA)
and comparative similarity index analysis (CoMSIA) have been applied.

Results

All obtained models are satisfying based on both statistical significance and predictive
abilty which yield cross-validated rZCV value ranging from 0.656 to 0.794. The CoMFA

contour maps reveal that steric interaction play more significant role of the variance in the
data corresponding to WT inhibition, while steric and electrostatic interactions have
approximately equal contributions to K103N inhibitory activity. The resulting CoMSIA
models enhance the understanding of steric, electrostatic, hydrophobic, electron donor and
acceptor requirements for ligands binding to HIV-1 RT. The analysis derived by all methods
highlight different characteristics for different types of wild type and mutant type HIV-1 RT.

Table 1. Summary of QSAR models

Biological Activities Method ey s-press % contribution

WT HIV-1 RT CoMFA 0.656 | 0.059 St=58.8%, E1=41.2%

CoMSIA 0.704 0.094 | St=14.8%, EI=41.1%, Hyd=21.0%
H-donor=13.5%, H-acceptor=9.6 %

K103N HIV-1 RT CoMFA 0.762 | 0.094 St=54.4%, E1=45.6%

CoMSIA 0.794 0.256 | St=13.7%, EI=34.0%, Hyd=20.7%
H-donor=16.5 %, H-acceptor=15.1 %

St = Steric contribution, El = Electrostatic contribution, Hyd = Hydrophobic contribution
H-donor = Hydrogen donor contribution, H-acceptor = Hydrogen acceptor contribution



1(a) 1(b)
Figure 1(a) and 1(b) The CoMFA steric and electrostatic contour maps of efavirenz compounds derived from
the WT and K103N HIV-1 RT inhibition, respectively.

2(a) 2(b)
Figure 2(a) and 2(b) The CoMSIA steric, electrostatic and hydrophobic contour maps of efavirenz compounds
derived from the WT and K103N HIV-1 RT inhibition, respectively.

3(a) 3(b)
Figure 3(a) and 3(b) The CoMSIA hydrogen donor and acceptor contour maps of efavirenz compounds derived

from the WT and K103N HIV-1 RT inhibition.
Conclusions

The derive models of efavirenz compounds successfully explain the relationships
between structural properties and HIV-1 inhibition. The information obtained from all models
apparently reveal differentiating structural requirements between WT and K103N HIV-1 RT
inhibitory activities of these inhibitors. In addition, the interpretation of the models reinforces
each other and also shows good accordance with inhibitor-receptor complex derived by
experimental data. Consequently, the obtained results can be integrated to provide a
fundamental guideline to design and predict the new compounds with enhancing HIV-1 RT
inhibitory activities active against WT and K103N HIV-1 RT.
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Elucidating inhibitory models of efavirenz analogues as potent
HIV-1 RT inhibitors by 3D QSAR and docking studies

Pornpan Pungpo!, Patchareenart Saparpakorn? and Supa Hannongbua?
1 Department of Chemistry, Faculty of Science, Ubonratchathani University, Ubonratchathani, Thailand 34190

2 Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok, 10900

INTRODUCTION:

Acquired Immune Deficiency Syndromes (AIDS), caused by the human immunodeficiency virus (HIV), is the global health problem. One therapeutic target in the treatment
of AIDS is the inhibition of HIV reverse transcriptase (HIV-1 RT), an essential enzyme responsible for the formation of proviral DNA from viral RNA. Efavirenz, an NNRTI with
nanomolar potency, has been recently approved for the treatment of HIV infection. Unfortunately, the efficacy of the inhibitor is limited by the appearance of drug-resistant
mutant viruses of HIV-1 RT, in particular the Lys103-Asp mutation (K103N). Therefore, the development of the new therapeutics capable of suppressing the viral replication of
the mutant HIV-1 RT is still required.

METHODS OF CALCULATIONS:

The starting geometry of efavirenz compound was obtained from X-ray crystallographic data. 58 efavirenz derivatives were constructed and fully geometrical optimized,
ab-initio molecular orbital method at HF/3-21G level. Three-dimensional quantitative structure-activity relationship (3D QSAR) methods, using comparative molecular field
analysis (CoMFA) and comparative similarity index analysis (CoMSIA) have been applied to a set of efavirenz derivatives active against wild-type (WT) and mutant type (K103N)
HIV-1 reverse transcriptase. Computational docking of selected efavirenz compounds was carried out by using GOLD program.

RESULTS AND DISCUSSION:

3D QSAR Models

The obtained CoMFA and CoMSIA models are satisfying based on both statistical Table 1. Summary of QSAR models derived from CoMFA and CoMSIA approaches
significance and predictive abilty (Table 1). COMFA model reveals the importance of
steric and electrostatic interactions through contour maps. Regarding WT inhibition,
the CoMFA model shows that steric interactions play more significant role of the CoMFA 0.656 0.059 _ Br-58.8% El=41.2%
variance in the data corresponding to, while steric and electrostatic effects have CoMSIA 0.704 0140  SIT14.8% E=41.1%, Hyd=21.0%
approximately equal contributions for the explanation of inhibitory activity against WT HIV-1RT R i
K103N. The resulting CoMSIA models enhance the understanding of steric, CoMFA 0.762 0.094  [St=54.4% El=45.6%
electrostatic, hydrophobic, electron donor and acceptor requirements for ligands Mutant type
binding to HIV-1 RT. The information obtained from CoMFA and CoMSIA models TEIETE ) o CoMSIA | 0.794 0.258 :‘:‘3;;7’5‘";':1‘_"1”5"1";"=2°'7"
clearly show different structural requirements for inhibition of WT and K103N HIV-1 i Y
RT.

Biological activity Methods [ s-press % Contribution

Figure 2. CoMSIA steric electrostatic and hydrophobic Figure 3. CoMSIA hydrogen donor and acceptor
contour maps for efavirenz compounds together with contour maps for efavirenz compounds together
the HIV-1 RT binding pocket. with the HIV-1 RT binding pocket.

Figure 1. CoMFA steric and electrostatic contour maps
for efavirenz compounds together with the HIV-1 RT
binding pocket.

Docking Models

To elucidate potential binding modes of the
inhibitors, some efavirenz compounds were docked to
WT and K103 HIV-1 RT. The most active compounds
and less active compounds for the WT and K103N . P

inhibition were selected and the docked conformations 4 ¥« y,
are shown in Figures 4 and 5. Docking analysis reveal y 3 - "e::.\/

that the binding modes of the ligands show common _ ’ g% 4 =1
characteristics. Functional groups of similar chemical J

characters are positioned in similar ways. Electrostatic

and Van der Waal interactions between ligands and the

side chain of Val106, Val 179 and Ty181 play an

important role for WT inhibition. Moreover, for K103N

inhibition, the hydrogen-{ interaction and Van der Waal

interactions between ligands and the side chain of

Tyr181,Phe227,Trp229,Trp229  reveal  dominant Figure 4. Docked conformations of compounds 27 Figure 5. Docked conformations of compounds 55
interaction for higher activity. and 14 in the binding pocket of WT HIV-1 RT. and 37 in the binding pocket of K103N HIV-1 RT.

CONCLUSIONS:

The QSAR and docking models of efavirenz compounds successfully explain the relationships between structural properties and HIV-1 inhibition. The information obtained
from 3D QSAR models apparently reveal differentiating structural requirements between WT and K103N HIV-1 RT inhibitory activities of these inhibitors. The interpretation of the
models reinforces each other and also shows good accordance with inhibitor-receptor complex derived by experimental data. In addition, docking results provides additional
information and further probes the interaction between inhibitors and the enzymes. Consequently, the obtained results can be integrated to identify the structural requirements
of HIV-1 RT inhibitors in the class of efavirenz compounds and are helpful for better understanding of anti HIV-1 RT mechanism of these inhibitors. The principle derived from
the present study can be beneficial to design new and more potent compounds active against HIV-1 RT. Finally, the results derived from the ligand-based design by using 3D
QSAR methods and the structure-based design by using molecular docking study can support each other and improve the applicability of structure-activity relationships in drug
design.
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INTRODUCTION:

Acquired Immune Deficiency Syndromes (AIDS), a disease of epidemic proportions, is caused by the
human immunodeficiency virus (HIV). HIV reverse transcriptase (HIV-1 RT) is an essential enzyme
responsible for the formation of proviral DNA from viral RNA. Currently, efavirenz, a hightly potent
non-nucleoside reverse transcriptase inhibitor (NNRTI), is the standard of care of antiretroviral naive
patients. However, the efficacy of the inhibitor is limited by drug resistant variants of HIV-1 RT, in
particular the Lys103-Asp mutation (K103N). Therefore, there is a continuing effort to develop the
inhibitors with improved activities against K1I03N HIV-1 RT.

Figure 1. The crystal structure of efavirenz complexed with
WT HIV-1 RT and the binding pocket of the inhibitor.

METHODS OF CALCULATIONS:

The starting geometry of efavirenz compound was taken from X-ray crystallographic data. 60 efavirenz derivatives were built and fully geometrical optimized, ab-initio
molecular orbital method at HF/3-21G level. A two-dimensional quantitative structure-activity relationship (2D QSAR) method, using Hologram QSAR (HQSAR) and three-
dimensional quantitative structure-activity relationship (3D QSAR) methods, using comparative molecular field analysis (CoMFA) and comparative similarity index analysis
(CoMSIA) have been applied to a set of efavirenz derivatives active against wild-type (WT) and mutant type (K103N) HIV-1 reverse transcriptase.

RESULTS AND DISCUSSION:

Table 1. Summary of QSAR results obtained from different QSAR approaches.

All obtained models are satisfying based on both statistical significance and " " oy e
predictive abilty which yield cross-validated r2, value ranging from 0.655 to 0.794. Blological activity Methods S-press % Contribution
The CoMFA contour maps reveal that steric interaction plays more significant role of CoMFA 0.059 8.8 %, El=41.2%

’ h h el d ’ CoMSIA 0.140 8%, EI=41.1 %, Hyd=21.0%
the variance in the data corresponding to WT inhibition, while steric and
electrostatic interactions have approximately equal contributions to K103N WT HIV-1RT HOSAR RS HD=13 5% HIAS 961X
inhibitory activity. The resulting CoMSIA models enhance the understanding of CoMFA 0.094 St=54.4%, EI=45.6%
steric, electrostatic, hydrophobic, electron donor and acceptor requirements for Mutant type CoMSIA 0258 Si=T13.7%, EI=34.0%, Hyd=20.7%
ligands binding to HIV-1 RT. The obtained HQSAR results show different molecular K103N HIV-1 RT HD=16.5 %, HA=15.1 %
fragments playing important role to different inhibitory activities of compounds.
The analysis derived by all QSAR methods clearly highlight different characteristics HQSAR =
for different types of wild type and mutant type HIV-1 RT.
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Figure 2. HQSAR presentations for efavirenz compounds together Figure 3. CoMFA steric and electristatic contour maps for
with the binding pocket HIV-1 RT. efavirenz compounds together with the binding pocket HIV-1 RT.

Figure 4. CoMSIA steric electristatic and hydrophobic contour maps Figure 5. CoMSIA hydrogen donor and acceptor contour maps for
for efavirenz compounds together with the binding pocket HIV-1 efavirenz compounds together with the binding pocket HIV-1 RT.

RT.
CONCLUSIONS:

In summary, the derive QSAR models of efavirenz compounds successfully explain the relationships between structural properties and HIV-1 inhibition. The information obtained
from all models apparently reveal differentiating structural requirements between WT and K103N HIV-1 RT inhibitory activities of these inhibitors. In addition, the interpretation
of the models reinforces each other and also shows good accordance with inhibitor-receptor complex derived by experimental data. Consequently, the obtained results can be
integrated to provide a fundamental guideline to design and predict the new compounds with enhancing HIV-1 RT inhibitory activities active against WT and K103N HIV-1 RT.
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Introduction

Human Immunodeficiency Virus type 1 (HIV-1) is the causative agent of
the transmission and the development of Acquited Immune Deficiency
Syndromes (AIDS). One of therapy target in the AIDS treatment is the
inhibition of HIV reverse transcriptase (RT), the key enzyme responsible
for the formation of proviral DNA from viral RNA. Efavirenz,
a non-nucleoside reverse transcriptase inhibitor (NNRTI), has been
approved by the FDA for the anti-AIDS drug (SUSTIVA™). However, the
clinical benefit of the inhibitor is limited by the rapid selection of
inhibitor-resistant virals, in particular the K103N mutation. Therefore,
the necessity of the continuing effort to develop NNRTIs possessing
improved resistant profiles is still required.

Figure 1. The crystal structure of Figure 2. The binding pocket of
the inhibitor complexed with HIV-1 efavirenz complexed with HIV-1 RT.

Computational methods

The starting geometry of efavirenz was taken from x-ray crystallographic data. Two different biological activities were reported active against WT
and mutant type (K103N) HIV-1 RT. A set of 60 efavirenz compounds were then constructed and fully optimized by ab-initio molecular orbital
method at HF/3-21G. To determine relationships between structural properties and HIV-1 inhibitions, three-dimensional quantitative structure-
activity relationship (3D QSAR) method, using comparative molecular field analysis (CoMFA) and comparative similarity index analysis (CoOMSIA)

has been applied.
Results
Table 1. Summary of CoMFA and COMSIA models

Biloxiactiviy (VSR Rl e acomitibuy The obtained CoMSIA models are satisfying based on both statistical significance and predictivity
for WT and K103N inhibitions with r?,, = 0.656 and 0.762, respectively). The models reveal the
importance of steric, electrostatic, hydrophobic interactions through contour maps. The

CoMFA 1 0.656 | 0.059 [St=54.2%,E1=45.8% combination of steric and hydrophobic contributions is comparable to the combination of

WT HIV-IRT electrostatic effect on both WT and K103N inhibitions. In addition, the difference of the hydrogen
CoMSIA| 0.704 | 0.140 [St=35.6%,EI=46.7%,Hyd donor and acceptor requirement on WT and K103N inhibition is helpful for explanation of

L 17.7% ligands binding to both WT and Y181C HIV-1 RT. The results are informative to discriminate

structural requirement between WT and K103N inhibitory activities in the class of efavirenz

Mutant type | CoMFA | 0.762 | 0.094 [5t=52.4%,E1=47.6% derivatives. The suggestions obtained from QSAR models show good accordance with inhibitor-
MR receptor complex derived by experimental data. The results not only lead to get better
CoMSIA| 0.794 | 0.258 |5t=32.8%,E1=43.1%,Hyd understanding of structural requirements of the set of compounds for the inhibition, but also

L >41% enable the suggestions for new and more potent inhibitors.

Conclusion

QSAR study by using 3D QSAR based on Comparative
Similarity Index Analysis can be successfully applied to
discriminate structural requirement between WT and K103N
inhibitory activities in the class of efavirenz derivatives. The
CoMSIA contour maps highlight different characteristics for
different type of WT and mutant type HIV-1 RT and agree well
with experimental data for the binding topology. The information
derived from QSAR models lead to better understanding the
importance of steric, electrostatic hydrophobic fields and the
influence of hydrogen bonding contributing to the inhibitory
activities. Accordingly, the principle derived from the QSAR

study can be. a beneficial guideline to design ey Po‘te‘“tial Figure 3. The CoMSIA countour map of Figure 4. The CoMSIA countour map of
compounds with enhanced WT and K103N HIV-1 RT inhibitory efavirenz compound derived from the efavirenz compound derived from the
activities. WT HIV-1 RT inhibition. K103N HIV-1 RT inhibition.
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