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13.1 Xxéoeic Sounc-8paonc (SAR)

YKOTOC

> Avayvwplon Twv AEITOVPYLIKWV OpHAd®WV TIOV £(val ONUAVTIKES Yia Tpoodeot Kal/1 Yl
dpaon

Mé£0odo¢

» Metaoxnuatiopog, amopdkpuvon 1 mpokdAvym (peTap@leon) UG AELTOVPYLIKNG
opuadag
» 'EAeyxo¢ SpacTiKOTNTAG TOL AVAAOYOU

» Ta ocvumepaocpata e€aptwvtal amo t HeBodo Tov eAEyxov
* in vitro €éAeyXoG yla cAANAETILOPACELS TIPOCSEDOTG UE TO OTOXO
* in vivo €EAeYX0G YL AOAANAETILOPACELS TIPOOOEO G KL/ (POPLOKOKLIVTTLKT)

> Av pewwvetal n in vitro SpACTIKOTNTA, CUVETAYETAL OTL EvaL 1] OpAda Elval oTIUAVTIKN
Yyl mpoodeon

> Av 1 in vivo §pacTIKOTITA TTAPAUEVEL AVETINPEACTY, CUVETIAYETAL OTL T opada Sev elval
OT| LAV TLKT)



MapatnpnosLs yiox T avaioya

» 0L tpomomowmoel  umopel  va  amotpePouv TNV  TPOcdEon  AOyw
NAEKTPOVIOKWV /CTEPEOXT| UKWV ETILOPACEWYV

» Il evkoAa cuvTiBevTal avaAoya TTOU TTPOEPYXOVTAL ATIO TNV EVWOT)-001Y0
» IliBaveg TpomomoMoELg Umopel va eEapTWVTAL ATIO TNV TTAPOVG X AAAWY OpAS WV

» Kdmowx avadoya (ocwg xpeldletar va ouvvteBolv pEow OAKNG ovvBeong (m.y.
QVTIKATAOTAOT] EVOG APWUATIKOU SAKTUALOV HE EVaV SAKTUALO KUKAOEEQVIOV)

» Emtpémetal n avayvwplon onUavTIK®V OUASwV TTOV CUUUETEXOVV 0TV TIPOCGOEDT

» Emtpémetal o mpoodloplopds TS @apuaKo@Oopou
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13.1.1 IIpoodeTIKEC AAANAETMIS PAGELG AAKOOAWYV KAL (PALVOADV

» IIiBaveg aAAnAemiSpdoelg mpoodeong
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» IIiBavn emiSpaomn Twv avardywv otny mpocdeon (m.x. abepag)

AvaAoyo alBepa
ZTEPEOXTULKT TTAPEUTIOSION
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Kapio aAAnAentiSpaon wg HBD Kapioa aAAnAemtiSpaon wg HBA



13.1.2-13.1.3 IIp00SeTIKEC AAANAEMIS PACELG APWUATIKWOV SAKTUVALWV & AAKEVIWV

> [IiBaveg aAAnAemidpdoelg mpoodeomng

Ofom MpOcdeong

Y8po@opBn teprloym

Y8pogofin
KoLAOTNTX

» IiBava avaioya



[IiBaveg emmTwoelg oty mMpododeon
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SwtitA::é(lt 0¢om mMpoGdeomng 0fomn mpO6deong
Y8po@oBn mepLoxn
YSpogofn
KOWAOTNTX
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13.1.13 [IpoodeTIKEG AAANAETMS PAGELG AAKAVIWV

> IIiBaveg aAAnAemiSpdoelg

dapupako

dappako

Ofom MpoOcdeong

“vv
“vv
“vv
Vv
“vv
an Y8po@ofn oxioun

any AAAnAemuSpaocelg
van der Waals

Oéom Mpocdeong

Y8po@oBn «kotdotnTa»
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Avaloya

v' 0L o e0KoAa Stayelpiotues aAKLVAOUASES Yia SlapopoToinon eival VTTOKATAOTATES O
ETEPOATOUN. ALOPOPOTIOMNOT OTO UNKOG KL TOV OYKO TNG OAKVAOUASOG WOTE va
eAeyxOel o SLBECLOG YWPOG.

. CH; VOCCI R3=X R® Cle 0. 2
A.  R'-N —_— R1—NH g R1_N \n/ N
R R? R? O
3. 3
CH HB R*=X R
B. R-07 ° ——g» R'-OH ——® RI_¢
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13.1.4 lIpoodeTIkEC AAANAETIS PATELS XASEVS WV & KETOVWV

> IIiBaveg aAAnAemidpdoelg mpoodeong

Cc=0
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Tpoodeons  ~w @¢om
é< TPOcdean§
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Sumodov-8imdAov deopoc-H
» Avdaioya
O LiAIH,/NaBH, MO
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Ketovn (Eminedog 21 QAKOOAT
sp? vBpLSiopévog (teTtpaedpkog sp?

avopakac) vBpLiopévog avopakac)

Ymodoxeag
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13.1.5 [Ip00deTIKEC AAANAETUS PACELS AULVWOV

[TiBaveg aAAnAemiSpdoelg TPOGSEOoNG AV 1) AUV ElVOL TIPWTOVIWUEVT)

IovTikoG deo oG

Agopdg vSpoyovou
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R;N*H §pa wg .oyvpds HBD

Ymodoxeag
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[IIBaveg aAAnAemibpdoelg mpoodeons yia eAcvBep Bdon

Agopog vdpoyodvou
R
/
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| WX
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Tpoodeon§ \é @égn g
S TPOCOEDTG ~c$)<
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v OL tprtotayeic apives (3°) pmopolv va Spdoouvv HOVO WG ATTOSEKTEG SE0HOV
vdpoyovov (HBA) - Aev vmdpyel Stabéoipo vdpoyovo va Spdoel wg §0tNnG Seopov
vépoyovov (HBD)
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13.1.8 lIpocdeTikig aAANAeTS pacelg KApPBoEVAIKWV 0EEWV

» [IBaveg aAAnAemidpdoelg mpoodeomn yia eAcVBepa 0EEa
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mpoodeong
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» IiBaveg aAAnAemiSpdoelg Tpoodeons Yo KapBoEuAko aviov

O

0 Iovtikog
~~~~~ H X @ Szopdg
_, O l\,lHRz

(?5'071 g Ofom g

TPOcdEOG ~c;)< mpocdeons  ~w

2 =

D D

g @)

= s

X=NnO0 X=NnO0

»  QoptiouEva atopa o&uyovov eival toyvpoi HBA
» M opada pumopetl va aAAnAemidpacel pe OVTIKO Seoud kal pe deopd vépoyovou

™V (Sla oTiyun
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» IiBava avaroya

H*/R1OH 2
J]\
R OR
Eotépag
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l LiAIH,
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[TpwtoTOyNG AAKOOAN

[TIBAVEG EMIMTWOELS

v H avaywyn agaipei to ouydvo touv kapBovuriov wg miOavol amodéktn deopov
vSpoyovov (HBA) kal amtoTpEMTEL TOV LOVTIOUO

v' H eotepomoinon amoTpEMEL TOV LOVTIONO, TIG aAAnAemiSpdosic HBD kot pmopel va

mapeumodifel tov HBA péow otepeoymuikng dpaong
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mpoodeon§

YmoSoyéag

Kavévag 1ovtikog 8eopog Sev eivat e@ktog
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Mapepnodiopévog eopog H
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13.1.9 [Ipo0SETIKEC AAANAETMS PAGELG EGTEPWV

» IIBaveg aAAnNAemIdpAcELS TTPOCOEDTG
v' Agopogudpoyovouv ws HBA amd kabe ofuydvo

Avaioya

LiAIH, o NaOH Q
~on — M

[TpwToTOoyng aAkoOAN KapBo&uAko 6gu

H vdpoAvon Staxwpilel To poOPLo KAl UTTOPEL VA TPOKAAETEL ATIWAELA SPACTIKOTNTHG AOYW
™G ATMWAELNG TWV AAAWV AELTOVPYIKWV OUAOwV — €lval KATAAANAO UoOVOo yla amAoUg
EOTEPEG.

v' H vépoAvomn mpokaAel pa Spapatikny ad&non otnv MOAKOTNTA 1) OToix pmopel va
EMMPEACEL TNV IKAVOTITA TOU AVAAOYOU VA (PTACEL GTOV OTOXO OV TIPAYUATOTIOLOVVTOL
in vivo SOKIUIEG

v H oavaywyn otnv aAkodAn a@oapel v kapBovuiopdda kot kabopilet Tnv
OTNUOVTIKOTNTA TOU 0&UYOVOU TOU KapPovuAlou, aAAa pmopel va eivar SVOKOAN
TPAYUATOTIOMON ™G avTidpaong av eival mMapoVoe AAAEG AOTAOEIG AEITOVPYIKEG
OUAOEC 28



v OLeoTépeg ouviBOwS VEPOAVOVTAL OTO Al ATIO TIG EOTEPATCES
v' 0L e0Tépeg elvat o TOavO va lval oNUAVTIKOL YIX apUAKOKIVTTIKOUG AGYOUG TL.X.

SPOLV WG TIPOPAP AKX

Amdiko @payua
[Tpo@appako
Eotepaon
O OH
I | 1
O o) o)
[Ipo@dpuoako SEPITLE
ﬁ ﬁ Eotepaon
C C
<>\o/ SR —> <>\o’ SR > <>\OH
ddapuako

v 0 £0TEPAG TIPOKAAVTITEL TIG TIOALKEG OPASES & eITPEMEL TNV 81080 péoa Ao ATTWOELS
HeUBpAvVES TOL KUTTAPOU



PDB 31K3

MOLECULAR INTERACTIONS




13.1.15 IoooTepn)

Univalent isosteres  CH53, NH,, OH, F, Cl, SH
Br, i-Pr
|, t-Bu

Bivalent isosteres CH,, NH, O, S

”k)l\g}‘ E)LH}I “g)ko}'z ”H)J\s;’z

Trivalent isosteres /= % /N =§

2, 4

Ring equivalents @ O
N
00D
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13.2 IPOXAIOPIXMOX PAPMAKOPOPOY AOMHX

> Ilpoodlopilel TIC OMNUAVTIKEG AELTOUPYIKEG OUASEG TIOU EUTAEKOVTOL OTNV
TPOCGSEDT

> Tlpoodlopllel TIG OXETIKEG BETELS TV OpASWV TTPOCSEOTG
> Ilpémel va elval yvwotn 1 evepyn SLauop@won
>  ZNUOVTIKN 0TOV OXESLAGUO QAPUAKWY

»  ZNUAVTLIKI 0TNV aVaOKAALYM @apUaKwV

33



HOW
morphine _
morphinan benzomorphan = ==s-ssssessesesiiiiiiaiaianans
Av€avovtal Seopol eAevBeploag HO
HO %
N
. _N
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HOW' SAZ = o
O
levorphanol \\
3-4 (POPEG IO ATOTEAECUATIKN ATIO HOP@PIVY N

ue (Sla e€aptnoloyovo dpaon
Meperidine (Demerol)
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O\\ ‘\T
T v

Meperidine (Demerol) methadone

v' 10-12% ™G §pdomng TG Hop@ivng

HO
OF
O/," —> \lil
J N
Ho\\‘ Z ~ O

Oa to pavtaldocaoTay;

2 N
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2D pappoako@opog doun

> [lpoodlopilel Kot €EAGYIOTO TO OKEAETO TIOU EVWVEL TIG ONUAVTIKEG OUAOES
TPOCGSEOTG

OH

Me OH

Me

N Me
I

Glipine: 2D Pharmacophore
(important binding groups circled)
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3D pappoako@opog doun

» TlpooSlopilel TIGC OXETIKEG BECELG GTO XWPO TWV CNUAVTIKWV OUASWV TTPOGOEDTG

OH

Me OH

~Me
|

Glipine: 2D Pharmacophore
(important binding groups circled)
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3D StaocvvSedeUEVT ATIEIKOVIOT QAPUAKOPOPOV SOUNG
Znuelwon
v' KaBopilel TI¢ oxeTIkEG DEGELS GTO XWPO TWV ONUAVTIKWOV AAANAETISPAOEWY TIPOCSEONG

IOV E(VAL ATTAPALTNTEG YL TN SPACTIKOTNTA

» Amodéktng deopov VOPOYOVOU
» AO0TNnG decuov vSpoyovou

» AAMnAemidpaomn van der Waals
» lovtikn aAAnAemtiSpoon
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3D @appako@opog doun

morphine

AlaovvdeSepEvn amELKOVLIOT) TNG
EAPUAKOPOPOV SOUTG

HBA

‘ 2.798 A
HBD S

18.5°» S vdW

~
\\ .1500
\

\

\] ‘. 11.3°

[ovTikOG1)
HBD
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H evepyn Stapoppwon

» H Stapopewon vioBeteltal amod To @APUAKO OTAV AUTO TPOCOEVETAL GTO GTOXO TOU
KoL TTAPAYEL TO EMOLUNTO amoTéAeopa (emidpaon)

»  Elval amapaltn n Tavtomonon g evepyns SLapop@wons WOTE VX TTPOCSLOPLOTEL 1)
3D papuako@opog Soun

> H dSwpoppwtikn avaivon avayvwpilet mOaves Stapoppwoel poall pE  TIS
oTAOEPOTNTEG TOVG

» H dwpoppwtikny avdAvon eivat SUOKOAN Yl EVKAUTTH HOPLOL UE UEYAAO aplOuo
SLAUOPPWOEWYV

» Ilio ebkoAn ot cVYKPLOT SPACTIKOTITWV AKAUTITWY AVAAOY WV
HO NH, m
HO HO
HO | I

Ntomapivn

NH,

[leplotpe@oduevol deopol mm  KA£IOWMEVOI OECHOI



H pappoako@opog amo t 6€on Tpoodec§ TOL GTOXOV

SER

@fom 0 Baowon
ASP ,
TPOGdeong l'l‘/ ' OeTkd
CO@‘ . POPTIONEVO
o (O) KEVTpO
TG AmodékTng )y O
BeTied 1 861t Seopov
POPTIONEVO v8poyovou
KEVTPO )
Kevtpo

APWUATIKOV
Saktuviiov

Amo8ékTNG
1 80Tn¢ Seopov
v8poyovou

Kévtpo apwpatikov
Saktuiiov
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dappako@opa Tplywva

» dapuako@opa Tplywva yla tn vtomapivn

HO

HO

HBD/HBA .o o

.t
. %
%,
. R
* *

‘e

HBD/HBA
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MELOVEKTI L TWV PAPUAKOPOPWV SOUWV

v' Epgaom oTi§ AELTOVPYIKEG OUASES, aAAG Sev eival TGvTa £ToL
v' OAOKANPOG 0 OKEAETOG TOU popiov gumAéketal péow van der Waals kat vépo@ofwv

QAANAETILOPAOEWY
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13.3 BeATLOTOTIOMON] EVWOEWV-03NYWV: XITPATNYLKEC YLK TOV
OXESLAOLO PAPUAK®DV

Aodyol

»  Av&nomn ™G SpaoTikOTNTHS Kol pelwon g §0omg

>  AUENOM NG EKAEKTIKOTNTOG KOl LELWON TWV TIAPEVEPYELWV

ZTPOATNYLKEG

Tpomomoinomn 6toug AAKUAO VTTOKATACTATES
TpomoTmoinom 6Toug APUAO VTTOKATAHCTATES
Eméktaomn doung

Emumkuvon / ovvtunon aAvocidag
Alevpuvon / ovppikvwon SakTuAiov
[TapaAdayn) el6oug SakTuAiov

loootepn

AmAomoinon ™¢ Soung

vV V V V V V V VY VY

Elcaywyn akapiog

45



13.3.1 Ala@opoTIO11|01] VTOKATAGTATWV

H Aoy

» M aAkviopada otny Evwon-o0dnyo pmopel va aAANAETISpd pio SpO@on TEPLOX OTN
0éon mpdodeong

» AlLoipopoToNn o™ 0To UNKOG KAL TOV OYKO TNG OUASaG BEATIOTOTOLEL TNV AAANAETTIO PO

~ L P
-~
H5C I\CH3
o CH3:\:‘ - Hydrophobic
{“ pocket

46
~~ van der Waals interactions



13.3.1.1 TpoTOTO11)0T) 6TOVG AAKVAO VTTOKXTAOTATEC

H Aoy
» H Swapopotmoinon oto unkog kat/1m tov Oyko pa aAKVAOPASag pumopel va mpoodwoel

EKAEKTIKOTNTA LETAED SV0 SLaPOpPETIKWY BETEWY TTPOGEEOTG

R
) N
R>U\/\CH3 Fit
R—0u .
R"B_CHa Fit
[Tapaderypa
H ekAekTikOTNTA TWV AOPEVEPYIKWV @APUAKWYV Yla [3- Receptor 1

adpevoUTTOO0XEIS EVaVTL TWV A-0dPEVOVTIOSOXEWV

No fit RB?N\/\CH
3

g Steric

.. R——0 block
Fit g g~ N—CHj

Receptor 2 47
mmm Binding region for N



13.3.1.1 TpoTOTO1)61] 6TOVC AAKVAO VTIOKATHOTATEG

ASpevaiivn HO

HO
TaAfovtapoin - OH .
(Ventolin) N] _CH;
(AvtiaoBpatics) HO ~
| “CH,
CH,
HO
MpompavoAoAn j:a
(B-amokAelotNG) D/\<H\H CH,

oC 48




13.3.1.2 YTOKATHOTATEG OE APWUATIKOVC 1) ETEPOAPWUATIKOUE SAKTVALOUG

» Al\oyn VTOKOTOGTATOV

» Al\oyn 6to HoTifo VoK TACTAONC

Ioxvpog

Seopnog
Ac0evi|¢ 8sopndg vdpoyovov
vdpoyovov (AvEnuévn

SpactikéoTnT

.
‘.
g

L
L
Lr
......
L
L
L

Oéon
[Ip6odeong
B¢om
Tpdodeong
¥ ¥
TAPA VTOKATAGTAOCT) HETA VTIOKXTAGTAOT

Ieproyn Tpocdeong
(Asopdg H)

Ieployn tpocdeong
(ywx Y)

51



Hapadetyua

0
MeSO,NH
6 ,\’ |
TANS
0
8 NR

v' H BéAtion avtioappuduikn Spdon mapatnpeital 4Tav 0 VTTOKATAOTATNG ToToOETEITAL
otn 0éon 7
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[Tapatnpnoelg

» H woxVvg g mpoodeong tov NH, wg HBD

Méta vmokatdotaon:

NAEKTPOVIOEAKTIKY ETMISpaon
(Adyw emaywykol @aivouévov)

NH(Drug)
emnpealeTal amo TN oxetikn 6€on tov NO,
» loxvpotepn 6tav to NO, eivalr otnv mdpa Bom ® O@
» To N ¢ auivng eival evag aocBevi)c HBA Adyw Il\ll
O

TWV EALVOUEV®V IOV ATTELKOVI(OVTOL

o) o N o

lapa vmokataotTaon:

NAEKTPOVIOEAKTIKY) emiSpaon (AOYw @aLvOUEVOL

OUVTOVIGHOU KAL ETTAYWYLKOU (PALVOUEVOL TTIOV 0ONYEl
o€ o acBevn) faon)
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13.3.2 Eméktaon g doung
H Aoywn

H e&epedvnon g B€ong mpodcoSeong Tou GTOXOV YIX TEPALTEPW TIEPLOXEG TIPOCOEONG UE
OKOTIO TNV EMITEVEN EMITTPOCOETWVY TTPOCSETIKWV AAANAETISpACEWY

C

YIIOAOXEAX YIIOAOXEAX

D eploxég mpododeons
@ Ouddeg mpdodeong
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Hapadeiyua: Avaotoleic ACE

Y8po@ofn kolhdtnTa

ETéktao

—y

O

Oéon S
TPOGSEONG

TPOGSEEDOTG
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13.3.3 Emunkvvon / oVvTunoen aAvoidac

H Aoyum)

» Xpnown av eivatl mapoVoa pla cAvcida Kol cLUVOEEL TIG SV0 OUASES TIPOGEEDTG

> Ald@opa unkn aAvoidag yia t BEATIOTOTOMON TWV XAANAETILOPACEWV

AcBevng

, loxvpn
aAAnAemidpoon aAAnAemtiSpaon
" \ -‘/ Emiufkuvon _/\/-/
Civ o aAvoidag ‘ o : :I: :

—

YIIOAOXEAZX YITOAOXEAX

@ [i=pioxés Tpdodeong

A&B Ouadeg mpbdodeong
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Hapadeiyua: N-paivaiBuiouoppivn

Opdda
TPOGSEDTG

Opdada
TPOGSEOTG

BéAtioto unkog aAvoiSagn = 2
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13.3.4 Atevpuvon / cuppilkvmwor) SaKTUALOV

H Aoy
v' H BeAtiwon ¢ aAANAOETIKAAVYNG TWV OUASWV TIPOGEEGTG UE TIG TIEPLOXES TIPOOSEDTG

TOUG

Alevpuvon
SaKTuAlov

KaAvtepn aAAnAoemikaAvym pe
O V8pPOPORes aAANAeTdpdoelg

Y&poofeg ePLO)ES
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Binding site

Structure |

@G

- - - Weak interactions

'Evwon) - 081ydg (1)
AVO aAANAeTISpAOELG
I6v kapBoulriov ekTOG epPEAELag

Aepuvon
SaxktuAiov

4

Ieproyég
TPOGdeong
Cans”

Hapadeiyua - Zyediaouog tng¢ oidalanpiine (avaoctoréag ACE)

Binding site

Cilazaprilat

S oo Strong interactions

Zidalampiin
Tpelg aAAnAemidpacelg
Avénuévn mpocdeon

60




13.3.5 Hapaiiayi) €i6ovg SakTvAiov

H Aoy

v AVTIKATACTAON OPWUATIKWOV/ETEPOKVKAIKWV SaKTLUAlwWY amd GAAa cuvoThipato
SaktuAiwv

v' ZvpPaivel cuxva ylo AGyougs Tov a@opovV SITAOUATH EVPECLTEXVIAS (TTATEVTEG)

o O

502CH3 F SOZCH3

N
[\
S~ ~N
CF;
DuP 697 SC 58125

—
vprivag SO,CH; SO,CH3

SOUIKOD
vmofdBpou ,
o a O s
Mn crsposLSﬁ
AVTLPAEYUOVWOON
@&ppaka (MEAD).

SC 57666

61



H Aoy

v' H mapaAdlaynq tou €i6oug Ttou SaKTUAIOU O OPLOUEVEG TEPLTTTWOELS 0ONYEL OF
BeATIWUEVES LELOTNTES

[Mapdaderyua

N% N
8 L

N OH N OH
¢ ¢
©/CI —> ©/CI
F F
Aopn 1 UK-46245
(AVTLHUKN TLOKO (PAPUOKO) AuvEnpév EKAEKTIKOTNTA

v' Me too / me better drugs
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13.3.7 Ioootepn kai BloicootepN

H Aoyu) yla ta loootepn)

»  AVTIKATAOTOON UL AELTOVPYLIKTG OpUAdaG amo pia opdda pe to 1010 c0€vog (loootepn)
m.X. OH avtikaBiotatat ano SH, NH,, CH,
m.X. O avtikaBilotatal amo S, NH, CH,

» 00nyel o€ Mo EAEYXOUEVEG XAAXYEG TWV OTEPEOYN UKWV /NAEKTPOVIAK®V LSLOTHTWV

» Mmopel va emmpedlovv v Tpocdeon Kal/1 ™ otabepdTnTA

65



Xpnowo yia SAR

o/>(\ NHJ\Me
H

OH

[IpomtpavoAoAn (B-amokAEloTNHG)

[Tapatnpnoelg
v" H avtikataotaon OCH, ané CH=CH, SCH,, CH,CH, eAayiotomoLel TN SpacTikdTnTa
v" H avtikatdotaon OCH, andé NHCH, Swatnpei T Spactikdmta

v' Zuvemayetat 6TL to O gumAéketal otnyv mpdodeon (HBA)



H Aoyum ywx ta Boicootepn

v H avtikatdotoon pag AELTOVPYIKNAS Opddag amd pa GAAN n omoia Statnpel tTnv

(Sl BoAoyikn Spdon
v' Aev £xovuv amapaitnta To (510 00£vog

[Tapaderypa - Avtiigruywoikd

Et Pyrrole/ =
O N,\H ring "N~y
E——
OMe
EtO,S EtO,S
Sultopride DU 122290

v' AaktOAlog TUppoAiov = BlolcooTéPag yia TNV opada aptdiov
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13.3.8 AmAomoinon

> H Aoy

» Evwoelg-odnyol amd @uOoIkeEG TMYEG elval ocuyva To TePITAoKeES Kol SUOKOAO va
ouvvteboLv

» H amAomomon twv popiwv kdvel T oVVOeoT avaAdywv EVKOAOTEPT, TaxVTEPTN Kal
TCLO OLKOVO LK

» O amlovotepes SoUEG umopel va e@apuolovv evkoAotepa ot BEon TPOGdEOT G Kal
va avEavouy 11 SpacTIKOTNTA

» OLamAoVotepeg SOUES UTTOPEL va Elval TTEPLOCOTEPO EKAEKTIKEG KOl ALYOTEPO TOELKEG

AV ATTOUAKPLVOOUV 0L TTEPLTTEG AELTOVPYIKEG OUASES



M¢Bobol
» Alati)pnon NG @apUaKo@Opov

»  ATOUAKPULVOT) TIEPLTTWV AELTOVPYIKWV OUAS WV Kal SAKTUAIWY

Ph OH Ph OH
—
Cl NHMe Amopdikpuvon NHMe
OMe TEPLTTWV AELTOVPYIKWYV

OUASWV
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OH OH OH
Me OH OH OH
Me
ND D ND
I™~CH; | > CH;, | >CH;
H H
A B

Glipine
Excess functional
groups removed

Ring removal

OH OH
OH OH
D H—ND
| > CH; | >CH;,
H H
C D

Ring removal Ring removal

: .
Simplification
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MeBodbol

» ATOUAKPLVON HCUUUETPWV KEVTPWV

HO 0]

UH-301

1 H

b
..,"

Xelpopop@o \

@APLOKO

Xelpopoppo
@APLOKO

Mevinolin (lovastatin)

—

AGUUUETPO KEVTPO

HO

Mn xepopoppo
@APLOKO

Mn xepopoppo
PapUaKO 72



H mepintwon g OaAdouidng (Contergan and Thalomid)

O O Hy
N
@:«QN—@):O @& Embupn T Spéon
O
O O H
N
@iNI%\;L):O @& Tepatoydvo Spdon
O

Safe Sedation.

‘DISTAVAL

25 mg. thalidomide per tablet
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> AlaTi)p1 o1 ONUAVTIKWV OUASWV TIPOGSECT|G
»  ATOUAKPUVOT) TIEPLTTWYV ECTEPWV

»  ATOUAKPLVOT) TTEPITTAOKWV CUOTNUATWY SAKTUAIWV

[Mapaderypa (1)

o/

0 AmAouareuan

! O

N0 -

Koxaitvn

Bevlokaivn

A\
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MelovekTnuoto

» H vmepBoAikn) amAoTonon Umopel va TPOKAAECEL LELWOT) TNG SPACTIKOTN TS KOL TNG
EKAEKTIKOTNTAG

» Ta amAovoTepa HOPLA EXOVV TIEPLOCOTEPES SLALOPPWOELS

» Elval mo mbavo va mpaypatomomBel aAAnAemidpaon pe meEPLOCOTEPEG ATO Wi
Oéoelg mpOoSeonG oTOV 6TOXO

» Mmopel va tpokAnBel abEnom oTIg TTAPEVEPYELEG



13.3.9 Ewcaywyn akoapiag

HO H H, [leplotpon
deopov

Sl

Binding site

Receptor

77



YIIOAOXEAX 1 YIIOAOXEAX 2
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Inueiwon
» Orevdoyevelc evwoelg-odnyol elval ouVAa ATTAEG KAl EVKAUTITES

> E@apuolouv oe apkeTOUG oOTOXOUG AOYWw TwV OLPOPETIKWY EVEPYWV
SLOHOPPWOEWYV
» 008nyel o€ TAPEVEPYELEG

[Teplotpon
amAoV 8o oY o_\_
o9 - . . Q

EVvkaumtn aAvoida

AL @OPETIKESG SLAUOPPWOELS

ZTPATNYLKY)

> AxkapmTtoToinomn Hopiov yia Tov TEPLOPLOUO TWV SLAUOPPHTEWY — SLAPOPPWTIKOC
TEPLOPLONOG

> AUENoM 6pACTIKOTNTAG — TEPLOGOTEPES TILOAVOTNTEG VA EUPAVIOTEL ) ETLOLUN TN
evepyn SLAPOP oM

>  AUENON EKAEKTIKOTNTOG — ALlYOTEPES TIOAVOTNTES YL ELPAVLIOT) AVETILOVUN TWV
EVEPYWV SLALOPPWOEWYV

MelovekTnua

> To popto eivat o ePIMAOKO Kol evOEXETAL VA elval TILo SUGKOAO va cuvTeDEl
79



MéBodol - Elcaywyn Saktuiiwv

» Ou Oeopol petald ovoTNUATWY OaKTLAlWV elval KAEWSwUEVOL Kal Ogv
TEPLOTPEPOVTAL EAEVBEPQ

» 'EAeyx0G¢ TV AKAUTTTWV SOUWV Yl va OlamoTwOel Told amld OoUTEG EXEL

LT P OEL TNV EVEPYT SLAUOPPWOT)

Rotatable bonds Fixed bonds

Ho N
AL

Flexible messenger Flexible messenger Rigid messenger held
in the active conformation in an inactive conformation in the active conformation
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H
TREHS

[Teplotpepodpevol
deopol

HN

Elcaywyn
SakTLAlwV

: X NHMe

OH

OH

CHs

NMe

Akaumtomoinon

I T

NHMe

NHMe
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macrocycle
“

Phe

Z
m
=
(]
=TI
;o
Iz
b4
233;
2T 0O
III-<
SN
(@]
(]
S
s )
=
m
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[p]
=T
S:O
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N <
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T
o
M
@
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2 0 2 0 =~ 0] 2
Me/\IVIe MezHC/ Me/\IVIe MeZHC/
Acyclic pentapeptide (K; 42 nM) Rigidified pentapeptide (K; 0.1 nM)
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[Mapadetypa — AVaoTOAE(S ALULOTIETAALWY

SN Saaiiio ZNUAVTIKEG OLASEG TIPOGOEONG

Stalemivng ,co.H

x »

:;: AvaoTtolelc cUoOWPEVONG ALUOTIETAALWY

EVvkoaumt

Fovavidivn atvalda k Y

Avaloya

NH,
)\ . HN
HN N
H
Axopumto /g
N

k o AxauTtto Z

AG i Ar

NH-

CO,H

Axoumt
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o of o 570

KAeldwp O
Evkoapmtn Ssopol f—
aAvoida / / ‘~ \\C—NH

QA
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[Tapaderypo - Kopmpetaotativn (avTIKAOpKIVIKO @APUAKO)

[Ieplotpe@oduevog Seopnodg

E-loopepég

OCH;

OCH;
Koumpetaotativn A-4

OCH;

Koumpetaotativn
[IeploootEPO SpAOTIKO Atyotepo SpaoTIKO
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8. lw¢ Ba eloayate akapPia oe aLTHV TNV SOUN;

A

NHMe
H
X N_ X
Me X X
NMe
NHMe
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10. H dopun VII Adyw pebBuiiov €xel avénuevn Spaoctikotnta. EEnyeiote

OMe

VI

OMe

VIlI
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14, 15. Aeite ta O xat N. [Tog Oa ta afloAovoate wg §ekteg Seopwv H;

Q Osq 0
R)]\O'R ©/ [,/>

R R
NI |\I|\R N\
L O O
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Auto elvalr to Sotorasib, avactoAiéag RAS. MTOpPELTE VX QVAYVWPLOETE KATIOLX
@UPUAKOQPOPX OTOLYELX;
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To avtifaktnpladiako carbutamide Bp£Onke ot £xel kot avTiSlapntikn dpaon. To
tolbutamide £xetL povo avtidiapntikn dpaon. E¥nyeiote

0
8 5 28 5
ISAL RSO R RIS
H H H H
AN
tolbutamide

carbutamide
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H cinchocaine £yet avaioOntiki) Spaon. Ileite Tig MOAVEG AAANAEMSPAGELS TV
AELTOVPYIKWV OLAS WV
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Amavtnoelg

1. The pyrrole ring of DU 122290 serves to increase the rigidity of the side chain present in
sultopride. The red coloured bond in sultopride is freely rotatable, but is locked within the
pyrrole ring of DU 122290. This reduces the number of possible conformations that DU
122290 can adopt. If the active conformation is retained, it increases the chances of it being
present when the drug enters the binding site. This leads to increased activity.

Moreover, some of the conformations that are now disallowed may be those which are
adopted when sultopride binds to the D2-receptor. This would result in increased selectivity
for the D3-receptor.

NEt
N
Et Pyrrole /=
O N g N~y
H
OMe OMe
EtO,S EtO,S

Sultopride DU 122290



2. The binding interactions for methotrexate are shown below:

o
_N NN
H O ST ) K 0 COLH
\ .
O: N A ~ NO—«
/° N
H HN
o N h COH
5 ‘o X
)J\ )J\ )J\ pb = peptide backbone
pb pb pb pb pb pb hydrogen bond




It is tempting to try and fit the natural substrate in the same manner. However, only the
primary amino group interacting with Asp-26, Leu-114, and Thr-116 (via a bridging water)
can form the same interactions.

nnn g Trp21

J\ /N /
H
07230
Thr116"ee,/< . =
Nelg

| |
_N N N
H H Y | j\/“ o) CO,H
\ .
: N ~ N
HN
O

H
CO,H
O .O'. O
)J\ )J\ )J\ pb = peptide backbone
pb pb pb pb pb pb hydrogen bond
Leull4d Leud




HBD HBD

Comparing the two structures, there are important differences in the nature of the hydrogen

bonding groups present.
HBD  HBD

Ho B hea
HBD N |\|® N
D i e
N A = NR
N
N
H™ “H

H H
| HBA |
HBD _N N N
N = NHR
H” N
HBD
o)
HBA

HBD HBD
This suggests that different binding modes may be occurring here. For example, the
binding mode shown below allows a greater number of interactions with the residues

available in the binding site.

v
J\ ;H/
~J0 R
CO,H

O\"@ .
\“ ol :l
no K HN
N | N N
H o} CO,H

|
'H |'_|
,'O', '.O'.‘
)I\ )J\ pb = peptide backbone
pb pb pb pb hydrogen bond
Leud Ala97



3. The results can be explained by proposing that the ester is acting as a prodrug. In the in
vivo bioassays, the ester will be less polar than the carboxylic acid and so the prodrug will
be able to cross the fatty cell membranes of the cells lining the gut wall. Once absorbed,
esterases in the blood supply will hydrolyse the ester to reveal the carboxylic acid and
generate the active drug. If the active drug is administered orally, the polar carboxylic acid
hinders the drug crossing cell membranes and the drug fails to reach its target, accounting
for the lack of activity.

In the in vitro bioassay, the drug interacts directly with its target and is active, whereas the
ester prodrug is inactive since the ester masks the important carboxylic acid group. There
are no esterases present in the in vitro bioassay to hydrolyse the ester.



4. Structures I and II are similar in activity to the lead compound, which demonstrates
that replacing the aromatic ring with a pyridine ring has no significant effect in itself. The
aromatic and pyridine rings can both interact with a binding site by van der Waals
interactions and/or interactions. The increased activity for structure III strongly
suggests that there is an additional binding interaction taking place with the binding site,
such as a hydrogen bond to a serine residue. The strategy used here is ring variation, but

could also be described as extension since an extra binding interaction has been
discovered.

/\O/ H” ;—I-Bond

Binding site



5. There are several possibilities. The following are three examples, with the first of these
being the most obvious. All the structures lack the methyl ester since this is not part of the
pharmacophore.



6. Cocaine is quite a rigid structure, whereas procaine has a flexible chain with several
rotatable bonds. As a result, it can adopt several conformations, one of which positions the
important functional groups (amine, ester and aromatic ring) in the same relative position
as in cocaine. This can be seen in the overlay below, where the alkyl chain of procaine
bisects the ring of cocaine to place the amine group in the same position as the amine group
of cocaine.

/Me
CO,Me
N N'lztz_/ _ NH.
> I
@) Procaine
o_
@
@) Cocaine

This is an exercise which can be carried out using a molecular modelling programme such as
Chem3D or Spartan.



7. It could be interacting with an extra binding region in the binding site which is not used
by cocaine. The interaction could be hydrogen bonding (HBD) and/or ionic bonding (if the
amine is protonated). Note that the nitrogen of an aromatic amine is a poor HBA and is
unlikely to be involved in a hydrogen bonding interaction.

Et,N HBD EtN  HBD
lonic
_\—o H _\—o @ H
\ / \ /
/c—@—N HBA  or CON—H HBD
/ \ /7 \
O H o H
HBD HBD

An alternative explanation is that the amine could have an electronic influence on the
ester carbonyl group as shown below and increase its strength as a hydrogen bond

acceptor.
@

Et2N_\_ EtzN—\—
Q o)

\ R
(‘//C NH -
@)

Finally, the aromatic amine might not have any binding role at all and is present to
increase the water solubility of the drug.



8. The idea of rigidification is to restrict the number of possible conformations that a
molecule can adopt whilst retaining the active conformation. This means that the molecule
is more likely to be in its active conformation when it interacts with its target, resulting in
greater activity. Restricting the number of conformations also reduces the chances of side
effects if conformations recognised by different targets are prevented. In this example, an
extra ring can be added to lock bonds in the side chain such that they can no longer rotate.
The following are examples. Many more are possible with different ring sizes and
positions.

NHMe
H
X N X
Me X X
NMe
NHMe



9. The strategy is rigidification. Inclusion of the alkene restricts the number of
conformations in each analogue since rotation is not allowed round the double bond. The
differences in activity between structures V and VI can be explained by proposing that the
active conformation has been retained in structure V, but not in structure VI. Structure V
would have greater activity than the lead compound since there is more chance of the
active conformation being present when the drug reaches the binding site. Structure VI
might be expected to have no activity if the active conformation is disallowed. However,
some activity may still be present if the molecule can fit the binding site in a different, but

less efficient binding mode.



10. The methyl group in structure VIII is acting as a conformational blocker. It prevents the
two pyridine rings becoming coplanar due to a bad steric interaction with a proton on the

other ring.
steric

CHclash
N/l H H—/(O /l a H_QO
~ | A N CFs N~ N N N CFs
2 X L7 X
OMe Y OMe
VI VIl

If the activity increases, it suggests that the rings are not coplanar in the active
conformation. Preventing the coplanar conformation increases the chances of the molecule
being in the active conformation and increases activity (see also web article 5).



11. The design process leading to enaliprilate includes the structures shown below (Case
study 2).

Mimics
amide NH Ala Pro
CHs

e D weSINARY T N =

COzH COzH O CO2H

Succinyl proline N-Carboxy methyIdipeptides I 1Gg 2.4 uM

628 uM
Benzyl group

HO,C CH3/(’:\H;/® :>H02Cj\ /'\H/Q = HOZC /'\H/Q
CO,H

CO.H CO2H

I1; 1Cs0 90 nM I; 1Go 17 nM 1V; 1Go 39 nM

N

- A 0D = A0
Hu, N ~ N
(0]
(0] )\OH o OH

O

V; IC5q 3.8 M Enalaprilate, R=H; I1G, 1.2 nM
Enalapril, R=CH,CHj,

The lead compound is succinyl proline.

N-Carboxymethyldipeptides contain an NH group that can participate in hydrogen bonding
and so this would be an example of an extension strategy where an extra functional group
has been added to obtain an additional binding interaction.

Structure I has a methyl side chain. This could be viewed as substituent variation as
various R groups were tried out with the N-carboxymethyldipeptides. However, it could
also be viewed



12. Quinazolines could act as bio-isosteres for the salicylamides as they contain groups
that are capable of matching the two HBAs and HBD required. Moreover, an
intramolecular hydrogen bond is possible in salicylamides which would lock the phenol
and amide substituents in the positions shown below - an example of rigidification. The
quinazolines have a similar spatial arrangement of the key binding groups.

"o HBA
' Intramolecular H-bond - \”
-0
N
HBA .
HBD R H
HBD

Salicylamides Quinazolines



13. The analogue (X=0) lacks the hydrogen-bonding interaction that is present for
structure IX, which explains the drop in binding affinity.
The analogue (X=CH2) also lacks this hydrogen-bonding interaction and so one might
expect a similar drop in binding affinity for this structure. However, the binding affinity is
roughly the same as for structure IX. This can be explained by considering desolvation
energies. The NH group in structure IX is polar and is likely to be solvated before the
inhibitor enters the active site, and so energy is required to remove that water of solvation
before the group can form a hydrogen bond with the active site.
For the analogue (X=CH2), the methylene group is hydrophobic and will not be solvated.
Therefore, there is no energy penalty involved in removing water of solvation.
The overall binding affinity for a ligand will depend on:
a) the strength of favourable binding interactions achieved between the inhibitor and
the active site;
b) the energy expended in removing any water of solvation. This would be detrimental
to binding affinity.

The fact that the analogue (X=CHZ2) has a similar binding affinity to structure IX implies
that the beneficial binding energy obtained from the extra hydrogen bond in structure IX is
counterbalanced by the energy penalty required to remove water of solvation from around
that group.
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Structure IX (X=NH)
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14. In all these cases, the oxygen atom is next to an sp2 centre. Therefore, it is possible for a
lone pair of electrons on the oxygen atom to interact with the neighbouring m system
through resonance. As a result, it is less available to act as a hydrogen bond acceptor.
Therefore, one would expect these oxygen atoms to act as weak hydrogen bond acceptors.



15. The first structure contains a pyrrole ring. Here, the nitrogen’s lone pair of electrons
are part of an aromatic sextet. Therefore, the nitrogen will be a very poor hydrogen bond
acceptor. The second structure is an aromatic amine or aniline. In this case, the nitrogen’s
lone pair of electrons can interact with the aromatic system, and one can draw several
resonance structures as shown below. Therefore, one would expect this nitrogen to be a

poor hydrogen bond acceptor.

H
| @

| ° i
PLN W N? N® N
" H ~ “H ~ H H
- - -
(" — y @
O x A ©

The third structure is a pyridine structure. Here, the nitrogen'’s lone pair of electrons is not
part of an aromatic sextet and is unable to interact with a neighbouring @ system through
resonance. Therefore, the nitrogen acts as a good hydrogen bond acceptor.



16. The benzimidazole ring mimics the HBD and HBA of the phenyl amide group. Binding
affinity might be enhanced because of rigidification where the HBD and HBA are now locked
within a ring system. In other words, bond rotation is no longer present between the
aromatic ring and the amide group. If the position of the HBD and HBA within the ring
system is correct for binding, then binding affinity should be enhanced because;

a) the structure is locked in the active conformation and

b) there is less of an entropic penalty involved in the structure adopting a specific
conformation for binding.

HBD HBD
H H
N N
)—R R
N HBA OHBa

Benzimidazole N-Phenyl amide



