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13.1 Xx£oeig Sounc-8paoncg (SAR)

YKOTOG

> Avayvwplon Twv AEITOVPYLIKWV OUASWYV TIOU EIVOL ONUAVTIKES Yix TTPOCGSeoT Kal/1n ylo
dpaon

Mé£0080¢

» MetaoynuUatiouog, omopdkpuvon 1 TPOKAALYN (ueTtap@ieon) LG AELTOVPYLKNG
ouadag
» 'EAeyxog SpaocTIKOTNTAG TOV AVAAOYOU

» Toa ovumepaopata e€aptwvtal amo 1N uEBodo Tov EAEYYXOV
* [n vitro €A€yX0G yYlot AAANAETILOPATELS TPOOSEDOTG UE TO GTOXO
* in vivo EAeYX0G YL 0OAANAETILOPACELS TIPOGOEONG KAL/T) (POUPUOKOKLVITIKN

»  Av pelwvetal 1 in vitro SpACTIKOTNTA, GUVETAYETOL OTL EVAL 1] OUASA EIVAL CUAVTIKN
yla tpocdeon

» Av 1 in vivo §pacTIKOTNTA TTAPAUEVEL AVETINPEACTY, CUVETIAYETAL OTL 1) opada Sev elval
OT| LAV TLKY)






[MapoaTnpr)oeL Yia TA avaAoya

» OuL Ttpomomouoelg umopel va  amotpéPouv TNV  mPOcdeon  AOYw
NAEKTPOVIOAKWYV/CTEPEOYXNULKWYV ETILOPATEWV

» Ilo evkoAa cuvtiBevTal avAAoyo TTOV TTPOEPXOVTAL ATIO TNV EVWOT-0NYO
» IIBavég TPOoTOTOMCELS UTTOPEL VA EEAPTWVTAL ATIO TNV TTAPOVC L0t AAAWY OPUASWV

» Kamowa avaioya ilowg ypeldletar va ovvteBolv peow OAKNG ovvBeong (..
QAVTIKATAOTAOT) EVOG APWUATIKOU SAKTUALOV e Evav SakTUALO KUKAOEEAVIOV)

» EmTpemetal n avayvwpLon onUAVTIK@OV OPAS®VY TTOU CUUUETEXOVV OTNV TIPOCGSEDT)

» Emutpémetal o mpoodloploptog TS @APUAKOQOPOU
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[IiBavég aAAnAemidpaoels van der Waals
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Aldoxaivn

X-ray Awdokaitvng
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13.1.1 IpooSeTIKEG AAANAETIS PAGELG XKAKOOAWV KL (PALVOAWV

> [IiBaveg aAAnAemiSpdoelg mpododeong

O—H.. HBA
..,)l( ~.,.H_|)(
OF5 w ,
npc’);ggcnc 8 (:)S(m g
%< mpOcdeoN G ~($)<
Q D
g O
s =
X=N1 0 X=NH0
» [MBbava avaioya
— CH,l ,
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CH,COCI ,
3 0 ~CHs Eotépag

R—OH —
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_CH, LiAlH,
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R — R—H AXkavio



» [iBavn emiSpaon Twv avaddywv otny tpocdeon (m.x. albépag)

AvaAoyo alBépa
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Kapia aAAnAenti§paon wg HBD
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Kapia aAAnAentiépaon wg HBA



13.1.2-13.1.3 [Ip0GSETIKEG AAANAEMEPACELG APWUATIK®OV SAKTVALWV & XAKEVIWV

» IiBaveg aAAnAemiSpdoelg Tpocdeomng

_
R R
Ofomn mpocdeong
Y8po@oBn teploxm
Y8po@ofn
KOWAOT T

» [MBavda avaioyo



» [iBaveg emmTwoelg otV mMpocdeon

Avdalioyo

H

H
Agv |
e@apnoleL

Ofomn mpocdeong

Y8pogopn
KOO T

N/
Ya, R R
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L]
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«EPTOSLO»

Ofon poOodeonc
Y8po@ofn meprloxm
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13.1.13 IIp0oGSETIKEC AAANAETS PACELC XAKAVIWV

» IIiBaveg aAAnAemiSpdoelg

ddapuako

dapuako

ww 0fom mpdodeong
v

Vv

Vv

Vv

an Y8po@ofn oxioun

any AAMnAemidpdoelg
van der Waals

Ofom mpocdeong

Y8po@opBn «kotAotnTa»
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Avaloya

v' 0L o e0KoAa Staxelpiotes AAKVAOUASES Yia SLa@opoToinoT elval VTTOKATACTATES O
ETEPOATOUN. ALOPOPOTIOMOT OTO HUNKOG KL TOV OYKO TNG OAKLVAOUASHG WOTE va
eleyxBel o SlabBEaog XwPoc.

CH. VOC-CI R3-X R3
A. R1—l}l’ (R R1—I:IH —® RN’ Cl\n/o\/
|
R? R? R2 O
3 3
CH HB R°=X R
B. R-0" °—— g R'-OH ——®» RI_¢’



13.1.4 TIpoodeTIKEC AAANAETIS PAGELC AASEVS WV & KETOVWV

> IiBaveg aAAnAemiSpdoelg mpododeong

HBA
C=0 =
R™ +— R7CTO H
= N
Oéom g
Tpoodeons <@ O¢on
é< Tpocdeong
o
&
—

X=Nn0 X=N%0
AAAnAemiSpaon :
Sumodov-SiméAov deopog-H

» Avaioya
O LiAIHy/NaBH, HO 1
- 1
R1 R2 R R2
Ketovn (Emimedog 2Y1S @AK0O0AN
sp? vBpLdiopévog (teTtpasdpikdg sp?

avOpakag) vBpL8Lopévog avBpakag)

Ymodoxeag
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13.1.5 IIpoodeTIKEC AAANAETIS PAGELG AULVWOV

[IiBaveg aAAnAemiSpdoelg TPOGSEOTG AV 1) AV ElVOL TIPWTOVIWUEVT)

lovtikoG deouog }"

H N e.. o
R ) (|302
Oéom “
Tpoodeong ~8
=
o
O
B
—
H
X
-—
@, =H.. HBA
R )'(

O¢om w

. S

TPOcdEoNG W

§ R;N*H §pa wg .oyvpds HBD
Aeopog vVOPOYOVOL s
S
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[IiBaveg aAAnAemiSpdoelg mpoodeon yia eAcVBep Bdon

Aeopog vVOPOYOVOL

"
...
L
L4

Oéon
Tpoodeong

Ymodoxeag

X=N1 0

R
/
. HBA
"H-X
Oéon “
14 d
TPOCodEONG W
=
o
g
E
—
X=N1H0

v 0L tprrotayeis apives (3°) pmopolv va Spacouvv HOVO WG ATOSEKTEG GEGUOV
vdpoyovou (HBA) - Aev vmapyel Stabeoipo vdpoyovo va §pdcel ws dO0TNG Secuov

vSpoyovov (HBD)

16



13.1.8 lIpoodeTikéC AAANAETS PAGELG KAPBOEVAIKWV OEEWV

» IiBaveg aAAnAemiSpdoelg TPOcdeon yio eEAeVBepa 0EEX

‘ CD(’Xpl.l(XKO'
OH

Oéom
Tpoodeong

£0LG

4

Ymodoy

X=N70 ' dappako '

‘ dapupako ,
O

Oéom w

: S
TPOodEONG  ~w
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X=N10
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mpoodeong

Ymodoyéag
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» IIiBaveg aAAnAemiSpdoelg Tpocadeons Yo KapBoEuAko aviov

0O Iovtikog
..... o | o
H-|X O NHR,
(?éUT] g ®éon ‘é‘
Tpocdeons ~§ MPOOSEONG  ~g
S =
s B
g o
< S
X=N17 0 X=N1# 0

>  doptiouéva atopa o&vyovov elval toyvpot HBA
» M opdda pmopel va aAAnAemiSpdoel Pe LOVTIKO Seoud Kol pe 6ecpd vEpoyovou

™V (Sl oTiyun
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» IliBava avaroya

H*/R1OH 2
=
R OR’
Eotépag

0
.

l LiAIH,
RN

OH
[TpwToTOyNG AAKOOAN

[IBaveg emMMTWOELG

v H avaywyn agaipel To ofuydvo tou kapfovuliov wg mBavol amodéktn Seopov
vSpoyovov (HBA) kol amotpémel TOV LOVTIOUO

v' H eotepomoinon amoTpEMEL TOV LOVTIONO, TIG aAAnAemidpaoelc HBD kol pmopel va

Tapeumodilel tov HBA peow otepeoxnuLkng Spaong



NHR,
O

Oéom
mpdodeong

Ymodoyéag

Kavévag 1ovtikog 8606 8ev eivat e@kTog

O

O
ZTEpEOYNULKT]

TAPEUTIOSLON H-IX
O¢om o
: S
TPOoOEONG W
=
@)
o
E
—

X=N1 0

Mapepnodiopévog eopnog H
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13.1.9 IIpo0SETIKEC AAANAETILE PAGELC EGTEPWV
» [IiBaveg aAAnAemiSpdoelg mpooSeong

v' Aeopog vdpoydvouv ws HBA amd kabe o&uydvo

Avaioya

LiAIH, o NaOH Q
~on — N

[TpwToTOynG aAK00OAN KapBofuAikd 6&u

H vdépoAvon Staxwpilel To poOPLo Kol UTTOPEL VA TTPOKAAETEL ATIWAELA SPACTIKOTNTAG AOYW
NG ATWAELNG TWV GAAWV AEITOUPYIKWV OUAOWV — €lval KATAAANAO HOVO Yl oTtAoUG
EOTEPEG.

v' H vépoAvon mpokoAel pa Spapatikny ad&non otnv TOAKOTNTA 1) OToix Umopel va
ETMPEACEL TNV LKAVOTNTH TOU AVAAOYOU VA (PTAGEL GTOV 0TOXO OV TIPAYUATOTIOLOVVTAL
in vivo SOKIUEG

v H avaywyn omv oAkodAn oa@oaipei t™v  kapBovuiopdda kot kabopilet Tnv
ONUAVTIKOTNTA TOU 0&Uyovou Tou KapPovuAiov, aAAd pmopel va eival SVOKOAN
TPAYUATOTOMON NG avtidpaons av elval ToPovoeS AAAEC aoTABEIS AEITOVPYLKEG
OUAOES 28



v' OLeoTépeg ouVOWE LEPOAVOVTAL OTO Al ATIO TIG EOTEPATES
v' 0L eotépeg elval o TOavo va ival onUAVTIKOL Yot (apLOKOKIVITIKOUG AGYOUG TL.X.

OPOLV WG TPOPAPUAKA

Amdiko ppaypa
[Tpo@appako
Eotepaon
o) o
] ] ]
O o) o)
[Tpo@apupako SEPUITE
ﬁ ﬁ Eotepaon
C C
"N NG
ddpuako

v 0 €0TEPAG TIPOKOAVTITEL TIG TTOALKEG OUASES & eMITPEMEL TNV 51080 pE€oa A0 ATIWSELS
HEUBPAVEG TOV KUTTAPOU



MOLECULAR INTERACTIONS




13.1.15 Iocootepn

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

Bivalent isosteres CH,, NH, O, S

E)I\ﬁ}‘ E)Lm’%’* »,1)]\0;% ﬁ,l)l\s)’z

Trivalent isosteres

=

i,

"“"/z,
Ring equivalents @ O
0 0D
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13.2 IPOXAIOPIXMOX PAPMAKODPOPOY AOMHX

» IlpooSlopllel TIG OMNUAVTIKEG AELITOUPYLKEG OUASEG TOU EUTAEKOVTOL OTNV
TpOcdeo

» Tlpoodiopilel TIG oxeTIKES BETELS TWV OUASWVY TTIPOGOEDNG
» llpemel va elval yvwotni 1 evepyn) SLapop@won
» ZNUOAVTLIKT 0TOV OXESLAOUO PAPUAKWY

»  ZNUOVTIKN OTNV aVaKAALYM @apUAK®WY

33



HO HO

. N .
\ N
HOM ) l N N\ N\

HOW

morphine _
morphinan benzomorphan = =sssssecesseeesiiiiiiiiiaanans

Avédvovtal Seopol eAevbepiag HO

HO

-J N
HOW' A7 ~
HO

levorphanol
3-4 (POPEG TILO ATIOTEAEGUATIKN OTTO LOP @IV

ue (Sla e€aptnoloyovo Spdon



ay
W),

methadone

< %o
HO
o\\ -\T
T

Meperidine (Demerol)

v 10-12% g Spaong TS pop@ivng

Oa to @avtaldoaoTay;

2 N
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2D pappoako@opog doun

» Ilpooblopilel kAT €AGYIOTO TO OKEAETO TOU EVWVEL TIG ONUAVTIKEG OUASEG
TPOOGOEDNG

OH

Me OH

Me

~Me
I

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

> T[1poodlopllel TIG OXETIKEG OECELS GTO YWPO TWV CNUAVTIKWY OUAS WV TIPOGSEOTG

OH

Me OH

\Me
|

Glipine: 2D Pharmacophore
(important binding groups circled)

37



3D SLaovvoESEUEV ATIELKOVIOT PAPUAKOPOPOV SOUNG
Znuelwon
v' KaBopilel TIG oxeTIKEG DEGEIS GTO XWPO TWV ONUAVTIKWV AAANAETIIEPAOEWY TIPOGOECTG

IOV E(VAL ATTHPALTNTEG YIX TN SPACTIKOTN T

» Amodéktng deopov VOPOYOVOU
» AOTNG deapov vSpoyoOVOoUL

» AAMnAemidpaon van der Waals
» lovtikn aAAnAemiSpoon

39



3D papuako@opog doun

morphine

Alaovvdedepévn amelkoOvIon ™G
POPUAKOPOPOV SOUTNG

HBA _2.798 A

HBD ‘ ~

185, < vdW
v ‘1500
\

N S A5 A

NN

\ ' 11.3°

IovTikoG 1)
HBD
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H evepyn Stapoppwon

» H Stapdpewon viobeteital amd To @APUAKO OTAV AUTO TIPOCOEVETAL OTO GTOXO TOU
KoL TTapdyeL To emOLVUNTO amotéAeoua (emidpaon)

» Elval amapaitntn n tavtomoinomn g evepyn s SLHUOPPWOoNG WOTE VA TIPOOOLOPLOTEL T
3D pappoako@dpog doun

» H Swapoppwtikn) avdAvon avayvwpilet mOaveg Slapop@woel pall pe  TIg
oTADEPOTNTEG TOVG

» H Swpopewtikny avdAvon eival SUOKOAN Yl €UKAUTTH POPLOL UE UEYAAO aplOuod
SLAPUOPPWOEWYV

» Ilio e0koAN 0T GUYKPLOT SPACTIKOTITWV AKAUTITWY AVOAOY WV
HO NH., HO
HO NH, :(:O/
HO HO
HO | I

Ntomapuivn

NH,

[leplotpe@opevol Seopol mm  KA£IOWMEVOI OEOOI



H pappoako@dpog amo t 6€on Tpododeons Tov 6TOXOU

SER
Ofom Baowko 1)
ASP npéodeons OsTika
> O@‘ @opTiopévo
2o KEVTPO

Bacued 1 ATo8£KTNG — (O
BeTucd 1 86t Seopov
POpPTIoNEVO v3poydvov
KEVTPO )
Kevtpo
APWLATIKOV
Saktuiiov

- O

PHE

AmodéxkTng
1 80tNn¢ 8eopov
vdpoydvovu

Kévtpo apopatikol
Saxtuliov

42



dapuako@opa Tplywva

> Dapuako@opa Tplywva ylo 1 vIoTapivn

HO

HO

HBD/HBA ““III““‘::Q

.
(14 53
et

. * 0

O. * @

E T . ,”"’.

E "’:“

R
HBD/HBA
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MELOVEKTNUA TWV @APUAKOPOPWYV SOUWV

v Epgaon oTig AELTOVpYIKEG OUASES, AAAG Sev eival TavTa £TOL
v' OAOKANPOG 0 OKEAETOG TOL popiov egumAéketal péow van der Waals kat v8po@ofwv

AAANAETILOpAOEWY
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13.3 BEeATIOTOTIOMOT] EVWOEWV-08NYWV: ITPATNYIKEC YIX TOV
OXESLAGLO PUPUAKWV

Aobyol

» Av&nomn ™ SpacTikOTNTAGS Kal pelworn TS S0om¢

»  AU&NoM ™G EKAEKTIKOTNTAGS KAl LELWOT) TWV TIAPEVEPYELWV

ZTPATNYLKEG

TpoTmomoinomn 6Toug AAKLAO VTTOKATACTATES
TpoTmoToinom 6TouG APUAO VTTIOKATAOTATES
Eméxtaon Soung

Emiumkuvon / cvvtunon aAvoidag
Alevpuvon / ovppikvwon daktuAiiov
[TapaAdayn eldoug dakTuAiov

loootepn

AmAomomon ™G Soung

vV V V V V V V VYV VY

Elcaywyn akapyiog
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13.3.1 Alx@OopoOTOIN 01 VTOKATAGTATWV

H Aoy

» M aAkviopada otny Evwon-o0dnyo pmopel va aAANAeTISpd pio vSpoon TeEPLOXN OTN
0éon mpdodeong

» AlopopoTolnomn oTo UNKOG KL TOV OYKO TNG OpASag BeEATIOTOTOLEL TNV AAANAETTIOpOo

L o
-~
H3C |\CH3
o CH3:\:‘ - Hydrophobic
{“ pocket

46
~ van der Waals interactions



13.3.1.1 TpoTOTOIN 61 6TOVC AAKVAO VTTOKXTAGTATEG

H Aoy
» H Swa@opomoinon oto unkog kat/n Tov 0yKo pia aAKVAOUASag umopel va mpoodwaoel

EKAEKTIKOTNTA LETAEY SVO SLPOPETIKWY BETEWV TPOGSEDOTG

R
’ N
R>@\/\CH3 Fit
Re—0 .
R"B_CH3 Fit
[Tapaderypoa
H ekAekTikOTNTA TWV ASPEVEPYIKWV @APUAKWY YiX [3- Receptor 1

aSpevoUTTOO0XELS EVaVTL TWV a-atdPEVOVTIOSOYXEWV

No fit RI??N\/\CHB

g Steric

R block
Fit = N—CH;

Receptor 2 47
=== Binding region for N



13.3.1.1 TpoTtoTOING1) 6GTOVC AAKVAO VTIOKXTAGTATEG

Adpevaliivn HO

HO
TaABovtapdin - OH ’
(Ventolin) NJ _CH;
(AvtiaoBpatiks) HO C<
| “CH,
CH,
HO
MMpompavoAdin j::3
(B-amokAelotiG) D/\3<H\ H CH,
OH

oC 48




13.3.1.2 YROKATOXOTATEC OE APWUATIKOUC 1] ETEPOAPWUATIKOVC SAKTUALOVG

> AM\oyn VTOKOTOCTUTOV

» AM\ayn oto potifo vrokotdoTaong

Ioxvpog

Seopnog
AcOevnc 8eopnog v8poyovou
vdpoyovovu (AvEnpévn
.......... Spactikomt

.
.
‘e

L
LN
Lr
.....
LN
L
L
O

[Meproyn tpo6cdeong
(Aeopog H)
[Ip6odeong MMeproyn Tpocdeong
O¢om (yia Y)
mpdodeong
Y Y
TAPA VTIOKATAGTAOT) HETA VTIOKATAGTAOT)

51



Hapadeiyua

@
MeSO,NH
6 ,\’ |
7N
O
8 NR

v' H BéAtion avtiappuduikn Spdon mapatnpeital 6Tav 0 VTTOKATAOTATNG ToToOETEITAL
otn B€omn 7

52



[Tapatnpnoelg

» H woxVvg g mpocdeong tov NH, wg HBD

Méta vmokatdotaon:

NAEKTPOVIOEAKTLIKT) ETISpaom
(A6Yw emaywywkol @atvouévou)

NH(Drug)
emnpealetal amo tn oxetikny 6€on tov NO,
> loyvpotepn 6tav to NO, eival otnv mdpa BEom ® O@
7 ’ 14 J4 14 N/
» To N ¢ auivng eival evag acBevi)¢c HBA Aoyw 1
@)

TWV PALVOUEVWV TIOV ATTELKOVI(oVTAL

o) o N o

lapa vrokatdotao:

NAEKTPOVIOEAKTIKN emidpaon (A0Yw @atvOpuEVOL

OUVTOVIOHOU KL ETTAYWYLKOU (PALVOUEVOV TTIOV 0dNYel
o€ Lo acBevn) fdon)

53



13.3.2 Enéktact ™S Somig
H Aoy

H eEepedivnon ™G O€ong mPoOcSeong Tou GTOXOV YIX TEPALTEPW TIEPLOYXEG TPOCOEOTG UE
OKOTIO TNV eTMITEVEN EMITPOCOETWV TIPOGOETIKWVY AAANAETIISpACEWY

«!

YIIOAOXEAX YIIOAOXEAX

D eployég mpdodeons
@ Oupddeg mpdodeong

54



Hapddeiyua: Avaotoleic ACE

Y8po@ofn kolAdtnTa

ETéktaom

H
©
Oéom o

TPOGSEDTG

O¢on S
TPOCGSEDNG
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13.3.3 Emynkuvon / cOvTunon aAvcidog

H Aoy

> Xpnown av eivatl mapovoa plax aAvoida kot cuVOEEL TIG SV0 OUASES TTPOCSEDTG

> Ald@opa pnkn aAvoidag ylo tn BEATIOTOTOMON TWV XAANAETILIOPACEWYV

AcBevng
aAAnAeTiSpaon

HH I ' Emumkuvon
- S aAvoiSag

—

loxvpr
aAAnAeTtiSpaon

YIIOAOXEAX YIIOAOXEAX

@D [i=pioxés Tpbodeons

A&B Ouddec mpododeong

57



Hapdadeiyua: N-paivaiBuiouoppivn

Opdada
TPOOGOEDNG

Opada
TPOGOEDONC

BéAtioTo unkog aAvoidagn = 2

58



13.3.4 Atevpuvon / ovppikvwot) SakTvAlov

H Aoy
v' H BeAtiwon ¢ aAANAOETIKAAVYNG TV OUASWwV TIPOGEEONG IE TIG TIEPLOXES TIPOOSEDTG

TOUG

AleOpuvon
SaKTLALOV

KaAvtepn aAAnAoemikdAvym pe
Q V8pOPOReS AAANAETIISpAOELS

Y&popofeg mepLoyEg

59



Binding site

Structure |

@@

- - = Weak interactions

'‘Evwon - 081yoc (1)
AVo aAAnAemidpdoelg
[6v kapBouAiov extdg epPéreLag

AeVpuvon
Saxtuiiov

s

Meployég
TPOGdeonG
C—

Hapaderyua - Zyediaouoc ths oidalanpiAng (avaotoAréag ACE)

Binding site

Cilazaprilat

= Z Z Strong interactions

Zlalampiin
Tpelg aAAnAemidpaoelg
AvEnuévn mpododeon

60




13.3.5 Napaiiayn etdovc SakTvAiov

H Aoy

v AVTIKATAOTAON OPWUATIKWOV/ETEPOKVKAIKWV  SaKTLUAlwY amd GAAa ocvoTthipata
SaKTLALWV

v' ZupBaivel cuxvd yia A0yous Tov a@opoV SIMTAOUATA EVPECLTEXVING (TTATEVTEG)

o O

SO,CH;  F SO,CHj3

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

-
vprvag SO,CH; SO,CH;

SOUIKOD e
vmof&Bpov ,
o 8 O s
Mn Grspostfiﬁ
QAVTLPAEYHOVWEN
@apuoka (MZAD).

SC 57666
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H Aoy

v' H mapaAdaynq touv €ioug Ttou SaKTUAIOU O£ OPLOUEVEG TIEPLTTTWOELS 0ONYEL OF
BEATIWUEVEG IBLOTNTEG

[Moapaderypoa

N/\» N
\L \

N OH N OH
¢ ¢
©/CI —> ©/CI
F F
Aopn | UK-46245
(AVTIHUKN TIOHKO @APUOKO) AUvENUEVN EKAEKTIKOTN T

v' Me too / me better drugs
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13.3.7 Ioootepn kat BloicoosTep)

H Aoy yla T loootepn)

»  AVTIKATAOTAOT Pl AELTOVPYIKNG Opadag amd pa opdda pe to 6to c0€vog (loootepn)
1.X. OH avtikaBiotatatr amo SH, NH,, CH,
m.X. O avtikaBiotatatr ano S, NH, CH,

» 08nyel o€ IO EAEYXOUEVESG XAANYEG TWV OTEPEOXNULKWV/NAEKTPOVINKWYV LOLOTHTWYV

» Mmopel va emmpedlovv TNV TPOcdeon Kal/1n T oTabepoTnTA
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Xpnoipa yio SAR

O/>|/\NHJ\Me
H

OH

[IpomtpavoAOAn (B-amokAeloTrG)

[Tapatnpnoelg
v" H avtikataotaon OCH, ané CH=CH, SCH,, CH,CH, eAaxlotoToLEl TN SpacTIKOTTA
v" H avtikatdotaon OCH, ané NHCH, Statnpel T Spactikdtnta

v’ Zuvemayetal 6TL To O epumAéketal otV mpoodeon (HBA)



H Aoywn v ta Broicootepn

v H avTiKatdotaon [ag AELTOUPYLKNG Opadag amd pa GAAN 1 omoia Statnpel v

(Sta BroAoyikn) Spdon
v Aev £xovv amapaitnta to i(6lo 00£vog

[Tapaderypoa - Avtiruxwoika

Et Pyrrolef =
O N'\H rng S\ N-..H
—
OMe
EtO,S EtO,S
Sultopride DU 122290

v' AaktOAlog TuppoAiov = BlolcooTépag yia TNV oudda apdiov
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13.3.8 AmAoTmoinon

» H Aoyikn

» Evwoelg-odnyol amd @UOIKEG TMYESG €lval ocuyVA Lo TEPITAOKEG Kal SUOKOAD va
ouvvteBouv

» H amAomomon Twv poplwv KAVEL TN oVVOECST aVAAOYWV EVKOAOTEPT), TAXVTEPT) KAL
TCLO OLKOVOULKN

» Ot amAovotepes Sopég umopel va e@appuolovv evkoAdTepa ot B€om POcdeonS Kol
Vo QVEAVOLY T1) OPACTIKOTNTA

» Ol amAoVoTEPEG SOUEG UTTOPEL VA ELVAL TIEPLOCOTEPO EKAEKTIKESG KL ALYOTEPO TOELKEG

oV ATTOLOKPLUVOOUV 0L TTIEPLTTEG AELTOVPYIKEG OUASES



Mé¢Bodot
> AlaTnpnon S @APUAKOPOPOU

»  ATopAaKpuLVOT TEPLTTWYV AELTOVPYLKWV OUEAOWV KAl SAKTUALWYV

Ph o Ph OH
e diL® €
Cl NHMe Amopdxpuvon NHMe
OMe TEPLTTWV AELTOVPYLKWV

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

Glipine
Excess functional
groups removed

Ring removal

OH OH
OH OH
ND H—ND
| >CH, | > CH,
4 g
C D

Ring removal Ring removal

.
Simplification
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Mé£06obot

» Amoudkpuvon acVUUUETPWV KEVTPWV

HO 0]

UH-301

1 H

b
..',"-

XelpOpop@o \

EAPUAKO

XelpOopopo
@APUAKO

IVIewnoIm (lovastatin)

—

ACVUUUETPO KEVTPO

HO

X
\
= B
Mn xepopoppo
@APUAKO

‘cﬁ

X
=
Mn xetpopoppo
PAPUAKO 72



H mepimtwon t¢g OaAtSouiong (Contergan and Thalomid)

O O H
N
@i{N—@):O @& EmBupunts Spdon
O
O O H
N
@iNI-%L):O @dm Tepatoydvo Spdon
O

Safe Sedation.

‘DISTAVAL’

25 mg. thalidomide per table
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> AlaTi)pnon oNUAVTIKWOV OUASWV TIPOGSECT|G
»  ATOUAKPULVOT) TIEPLITTWYV ECTEPWV

» Amopdkpuvon meEPIMAOKWY CUOTNUATWY SAKTLVALWY

[Mapdderyua (1)

0/

O AmAouoreuon

! O

N0 =

Koxaitvn

Bev{okaivn

A
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MelovekTnpota

» HvumepfoAikr) amAomoinon pumopel va TpokaAEcoel pelwon TS SPACTIKOTNTHS KAL TNG
EKAEKTIKOTNTAG

» Toa amAovoTtepa HoOpLO £XOVV TIEPLOCOTEPES SLALOPPWOELS

» Elval mo mbavé va mpayuatomoinBel aAAnAemidpaon Ue TEPLOCOTEPES ATO Uio
0éoelg mpOcSenm G 6TOV 6TOXO

» Mmopel va tpokAnBel a&nom oTIG TUPEVEPYELEG



13.3.9 Elcaywyn akapPiog

HO H H, [eplotpopn
deopov

©\“"%/ o> —>

Binding site

Receptor
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YIIOAOXEAX 1 YIIOAOXEAX 2
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Inueiwon

» Ovevdoyevelg evwoelg-odnyol elval cuXVA ATIAEG KoL EVKAUTITES

» E@appuolovv oe apketoUg oTOXOUG AOYW TWV OLXPOPETIKWY EVEPYWV
SLAUOPPWOEWYV

» 00nyel oe TaPEVEPYELEG

[Teplotpo@n
amAoV Seopov o_\_
QIO > + S Q

EVkaumntn aAvoida

ALO@OPETIKESG SLAPOPPWOELS

ZTPATNYLKN

» Axoaumtomoinomn popiov yia Tov TEPLOPLOUO TWV SLAUUOPPDOEWY — SLAPOPPWTIKOC
TEPLOPLONOG

» AvU&nom 6pacTIKOTNTAG — TTEPLOCOTEPEG TILOAVOTNTEG VO EUPAVIOTEL 1) ETTLOLUNTY)
evepyn SLapop@won

»  AU&nNoM EKAEKTIKOTNTAG — ALlYOTEPEG TILOAVOTNTES VI ELPAVLIOT AVETILOVUNTWYV
EVEPY WV SLALOPPWOEWV

MeloveEKTn o

» To poplo elval o mepimAoko Kot evoExeTal va elval o SUCKOAO va cuvteBel
79



MéBodol - Etcaywyn Saktuiiwy

» 0L deopol petald ovoTnUATwV SaktuAiwv elval kKAeldwuévol kKot Oev
TEPLOTPEPOVTUL EAEVOEPT

» 'EAeyxo¢ TWV GAKOUTTWV SOUWV Yl va Slamotwbel ol amd ouTég €XEl

LT PN oEL TNV EVEPYT) SLAUOPPWOT)

Rotatable bonds Fixed bonds

Flexible messenger Flexible messenger Rigid messenger held
in the active conformation in an inactive conformation in the active conformation
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Elcaywyn
SoKTLVALWV

H
X . %
CH;3

OH
OH
[eplotpedpevol
deopol
HN
CH,

X
NMe
OH
Akaumrtomoinon o
HN
CH;

X

NHMe
NHMe
X

NHMe
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pREI

lVIe MezHC

Acyclic pentapeptide (K; 42 nM)

macrocycle
~

g L
Me” “Me  Me,HC”

Rigidified pentapeptide (K; 0.1 nM)
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[Mapaderypoa — AvaotoAels alpometaiinwy

SN Saadiior INUAVTIKEG OLASEG TIPOGOEDTG

dtalemivng CO.H

x »

:;: AvaoTtoAei(c oUOOWPEVONC ALUOTIETAALWY

EVvkaumtn

TFovavidivn Lt k Y

Avaioya

NH,
J\ \ g
HN N
H
AKouTTOo /’% Axaptt N
N Z

k o) Axopmto

Ar I

CO,H

Ar
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o of o 570

KAsldwp O
Evkapttn deopol —
aAvoida / / ‘~ \\C—NH

@ A
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[Tapaderypa - Kopmpetaotativy (avTiKapKIviKo @ApLOKO)

[Teplotpe@opevos Seopog

E-loopepéeg

OCH;,

OCH;

Koumpetaotativn A-4

OCH;

Koumpetaotativn
[IeplocOTEPO SPACTIKO Aryotepo SpaoTiko

85




https://forms.gle/fXm1Z2ZVntvRi4Jf8




8. [lwg Ba eloayate akauPia oe avTHV TNV SOUN;

A

y NHMe
X N_ X
Me X X
NMe
NHMe
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10. H Soun VII Adyw pebBuAiov £xel avénuévn Spaoctikotnta. EEnyeiote

OMe

Vi

OMe

VIlI
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14, 15. Aelte ta O kot N. [Twg Ba ta afloAovoate we dektes Seouwv H;

Q Osq 0
R)J\O’R ©/ @

R R

; Lo
L O O
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AvTto elvar to Sotorasib, avactoAéac RAS. MTMOPEITE VA AVAYVWPLOETE KATTOLX
@UPUAKOPOPA CTOLYELY;
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To avtifaktnpradiako carbutamide Bp£Onke ot £xel kat avTidafntikny dpaon. To
tolbutamide £xsL povo avtidiapntiki) Spaon. EEnyeiote

0
28 3 8 5
/©/ N NS /©/ °N NN
H H H H
H,N
tolbutamide

carbutamide
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H cinchocaine £yelL avaioOntikn dpaon. Ieite TIC MOAVEC AAANAETSPAGELC TWV
AELTOVPYLK®OV OHAS WV

95



ATVt oELg

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:

b
_N NN
H H \ﬁ X \j\Hjc\ 0 CO,H
\ .
O: N A ~ NO—«
/° N
H HN
N~ CO,H
H H 2
O .O'. O
)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.

o g Trp21

H
07330
C,
Thrllaei/Lo/H

_ N N
h H -z | j\/H O CO,H
\ .
. N ~ N
23 H” N ( ) :
HN
0

H
CO,H

pb = peptide backbone
hydrogen bond
Leulld Leud




HBD

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

bonding groups present.
HBD  HBD
H H
HBA H H
| ND | HBA |
HIEBPNNGEN -~ HBD _N_ _N_ _N
H YT ) HiC Z
\“/ 3G H \|// |
N AL 2 NR _N z NHR
N H N
H/N\H HBD O
HBD HBA

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.

J\ lH
~~0 Rl
CO,H

L e
Thr116%, _H &
Q i) 0] G
L I N HN
H : ;o CO,H




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',E\tz_/ _— NH.
4 I
@) Procaine
O *
@)
@) Cocaine

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



7. 1t 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 Et,N  HBD
lonic
_\—o\ H _\—o\ H
/
c—@—N HBA or CON—H HBD
// \ /y \
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.
=
— NH,

EtzN _\— EtzN _\—
0 0

A n
(‘//C NH -~
(0]

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.

H NHMe
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
| Hood | Ho oy 0
N N
X h _/<N CF3 NX S N_QN CF3
4 X L7 X
N
OMe o OMe
VII 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 A
CH3
HO,C N m— ~, N =
\/\n/ HOZC HO2C
o COzH COLH CO,H
Succinyl proline N-Carboxy methy Idipeptides I 1Go 2.4 1M
628 1M
Benzyl group
CH3 CH,
Q = l = N
HO c HOKC HO c (
COzH CO,H o] COzH
I1; 1ICs0 90 NM 15 1Go 17 nM IV; 1Go 39 nM

?

CH3 oy S
— He D — S N
HO,C™ "N | ROC ﬂ )\
o
o7 ~oH

V; IC5o 3.8 nM Enalaprilate, R=H; I1G, 1.2 nM
Enalapfil, R=CH,CH,

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 [ 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.

H(B)A HBA

\H N
i Intramolecular H-bond - \”

-0

X N
HBA e
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=CHZ2), 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=CH2) 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.



Ph

N

O

0
lﬁ 0
N7 RS R pPh™~ >
H o’ o
\vl
Zn2+

Structure IX (X=NH)

Alall3

2.

!

O
Repulsion E
O - O
/\P\ R
i o’ o
Zn?*
=0

Alall3

@)
(@) (@)
NP NIPN /\P\/\)LR
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o’ o
Zn2*
X=CH,

111



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
| ©)

v o :
QN - |{|§> N AN
 "H ~ H Z~ H H
- e e -
(" Cr @
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
(L) I~

N HBA OHBa

Benzimidazole N-Phenyl amide



