JIN3AUH
JIIKAPCHKUX
3ACOBIB.
OIITUMI3AIIA
Ty, 4.4




OIITUMIBALIS B3AEMO/II 3 MIIIEHHIO.
SAR-/IOCJIIIPKEHHA

SAR-gocnigXeHHs1 BUSBNAOTb, SKi rpyny Yn YacTUHU
MONEKYyNn-niay € Baxnmuemumm ans GionorivyHol Ail

- bynoBa mimreHi i i ¢yHKII Bigomi (CTpykTypHO=
OpIEHTOBAHUI JTU3aiH)

- bynoBa Mimreni HeBigoma (JTiraHa=opi€HTOBaHHM
TN32aiiH)




JIITAHJI-OPIEHTOBAHUN JIU3AWH
JIKAPCHKHMX 3ACOFBIB

Six DRYGALOT |
GoEs T ACTION.
—_——



MOJUDIKALIA OYHKIIOHAJIbBHUX I'PYII B
SAR-JIOCJII>XEHHI

Mo interaction
3 Me\
)

Analogue

Drug

4

Steric shield
H;‘C
"o

- ‘
Analogue

- 3MiHa eneKkTPOHHNX BNacTMBOCTEN Ta
CTEPUYHOro ob’emMy PyHKLIOHANBHUX Py

- bioi3zocTepunyHa 3amiHa




BIOIBOCTEPUYHA 3AMIHA

JIEHTMIOP 1919 p.

[3OCTEPU - ATOMU, I'PVIIU, PAAVKAJIM Y1 MOJIEKVIIN 3
NOAIBHUMU OI3UKOXIMIYHUMU BJIACTUBOCTAMU. BOHU
[NOBMHHI MATU OAHAKOBE YHMCJIO I PO3TALIYBAHHSA B
[NPOCTOPI BAJIEHTHUX EJIEKTPOHIB.

1 H-, He, Li*
2 0%, F, Ne, Na*, Mg?*, AI®*
3 S%, CI, Ar, K*, Ca?*

4 Cu?, Zn?*
8

9

N,, CO, CN-
CH,, NH,*

10 | CO,, N,O, N*, CNO"
20 | MnO*, Cro>

21 | Se0,*, AsO,*




BIOIBOCTEPUYHA 3AMIHA

EPJIEHMENEP 1932 p.

I30CTEPU - ATOMU, MTOHU Y1 MOJIEKYJIU 1 SIKUX
MEPUOEPUYHMI IIIAP EJIEKTPOHIB MOXE BBAJXKATHCS
[INEHTUYHUM

BYPTEP 1991 p.

BIOI3OCTEPH - CIIOJIVKU YU T'PYIIN, SKI MAIOTh MAIXE
IJEHTUYHI ®OPMY TA OB’€M, ITPUBJIN3HO OJJHAKOBE
PO3ITOAUIEHHA EJIEKTPOHIB I AKI [TPOABJIAKOTH ITOAIBHI
OI3NYHI BJIACTUBOCTI

BIOI3BOCTEPU € CEHC OBI'OBOPIOBATH TIJIbKHU I10
BIJIHOLIEHHIO J10 IIEBHOI BIOJIOTTYHOI MILLEHI




MOJIUDIKALIA OYHKIIOHAJIBHUX I'PYII B
SAR-/IOCJIIIPKEHHI

No interaction
: Me\

Analogue

Drug

.qi

Steric shield
HiC.

Fiy o—H
Analogue.

- 3MiHa eneKkTPOHHNX BNacTMBOCTEN Ta
CTEPUYHOro ob’emMy PyHKLIOHANBHUX Py

- bioi3zocTepunyHa 3amiHa

IAEHTUDIKALIA PAPMAKODOPY —
CYKYMHOCTiI YaCTUH MOJIEeKysn, Lo
BU3Ha4YatoTb 11 BionorivyHy
BNacTUBICTb, Ta IX B3aEMHe
po3TallyBaHHSA B MPOCTOPI




OAPMAKO®OPHA MOJEJIb = ITPUKJIAL

I
3D pharmacophore

| {

Glipine: 2D Pharmacophore

(important binding groups circled)
HBA HBA . HBA
HBD HBD .;.;:.‘:.'.:.;:_.-.-.-"9'-'-'-"‘“"“""' lonic

T

vdw
]

3D bonding type pharmacophore




OIITUMIBALILA JITY

BAPIALIA AJIKUIbHUX 3AMICHUKIB

= ywan der Waals interactions




ONTUMIBALIS JITY

BAPIALIA APUJIBHUX 3AMICHUKIB

- Weak
. H-bond

meta substitution




ONTUMI3ALUS JJTY

“PO3LIMPEHHA” CTPYKTYPU

E—— —

| Extension

—>

Binding site Binding site

ACE inhibitors,




OIITUMIBALILA JITY

3BIJIbIHEHHA/BMEHIIEHH A JITHKEPA

Chain

Chain R
G contraction

. J ¥ extension - o .
»> @ — - - S e

Binding site Binding site Binding site




OITUMIBALIIS JIIJTY

BAPIALIA HUKJHYHUX ®PAI'MEHTIB

- Ring expansion

9 o
@ @ |
v %‘iﬁfmg'. . Binding regions
’.?l'-iv Ll '3':.' 'i "l 'V'I’VV@‘ LT 'J
;'r:"-\-h;d;hh m-%]i-#é”*"%" ".I"d‘;-’ g a

Figure 10.43 Development of cilazaprilat.




ONTUMIBALIS JITY

BAPIALIA HUKJHYHUX ®PAI'MEHTIB

o
HZN—QS\‘O
N—R
|

H C(N\/\T/
— S —N
R= _@ _<\N] _(\N_j =N

Phenbenzamine Tripelennamine
Sulfapyridine Sulfathiazole Sulfapyrazine

O =
H
N

Cl (0]
?H
HO | _~_ OH
HO 2 OH ﬁ H H

() e}
Biphenyl analog of CGS 26303 Phenyl-ethynyl analog of CGS 26303




ONTUMIBALIS JITY

BAPIALIA HUKJHYHUX ®PAI'MEHTIB

Br CFy3

General structure for NSAIDs

SC 57666

Figure 10.44 Non-steroidal anti-inflaimmatory drags (NSATDES)




HECTEPOIIHI ITPOTU3AIIAJIbHI 3ACOBH
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Celecoxib, 1998, Pfizer Rofecoxib, 1999, Merck
(Celebrex)
(Vioxx)




OIITUMIBALILA JITY

BUKOPHUCTAHHA IBOCTEPIB TA BIOI3OCTEPIB

MEtL

Et Pyrrole f =

Oa Mo fing Sy N~y
H
e
OMe OMe
EtO;5 EtO,5
Sultopride DU 122290

(NiKyBaHHS LWN30MPEHIT)
[ligBULLEHA CENEKTUBHICTL A0
nonamiHoBumx peuenTopis D,




BIOIBOCTEPUYHA 3AMIHA

KIIACUYHI [30CTEPA

OAHOBAIEHTHI CH,, NH,, OH, F, CI, SH, Br, i-Pr, |, t-Bu
[BOBarI€HTHI
-CH.- -NH- -O- -S-
W YN\ O\ S\
O 'e) 0] O
TPUBaneHTHI e /N:

. . . \
€KBIBalrieHTHI KiJibUA |
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BIOIBOCTEPUYHA 3AMIHA

HEKJIACHUYHI I3OCTEPHU

HE TIIAKOPAKOTBCA CYBOPUM EJIEKTPOHHUM TA
CTEPUYHUM BUMOTI'AM, 110 CTABJIATBHCA 1O KITACUYHUX
I3OCTEP.

BOHUM MOXYTb HE MATU TAKY K CAMY KUIBKICTb
ATOMIB, SK I 3AMICHUK, IS AKOTI'O BOHU
BUKOPUCTOBYIOTHCA AK 3AMIHA.

[NOAUIAOTHCA HA HIAT VIIU:
A) BAMIHA HUKJIIB HA ALIUKJITYHI ®PATMEHTU 1 HABITAKU

b) B3BAEMO3AMIHHI I'PYIIU




BIOIBOCTEPUYHA 3AMIHA
KIIACHUYHI I3OCTEPHA

OJHOBAJIEHTHI
HOF
1.2 A 1.35 A
PrN __l‘ CHy 5 E':H-I -
Lﬁ ”\“l r/N—hg [ f;;xr-.w /N""S
r*b%,fx g R
. -
1 2

Figure 2.

Table 4. Benzodiazepine Receptor Binding Affinity
for Naphthyl-Fused Diazepines

compound X ICsa (nM)=
la H 1000
1b F 260
2a H 1000
Z2bh F bb

@ In vitro potency of the compound to displace [*H]fluni-
trazepam from the benzodiazepine receptor.




BIOIBOCTEPUYHA 3AMIHA
KIIACHUYHI I3O0CTEPA
OIHOBAJIEHTHI

OH (| NH,

1.4 A 1.5 A

e .
CHZAQ"T{I
9

Figure 6.

Table 6. Benzodiazepine Receptor Binding Activity
of Substituted 6-(Dimethylamino)-9-benzyl-9H-purines

compound R [Cs («M)®
9a NH; 0.9
9b OH 1.2

* Concentration of compound that decreased specific binding
of 1.5 nM [*H]diazepam to rat brain receptors by 50%.




BIOIBOCTEPUYHA 3AMIHA

KIIACHUYHI I3OCTEPHA
OIHOBAJIEHTHI

OH [ ClI[ SH [ Br

O W\,{:icualx
%

G

. J;,__,.J:
:‘1”1‘\-&“"&“-—

i
29

Figure 20.
Table 16. In Vitro Inhibition of Human Type 1II

so-Reductase of 4-Substituted N-(1,1-
Dimethylethyl)-3-oxo-4-androstene-17f-carboxamides

effective
van der Waal's electro- ICsq
compound R radii® (A) negativity®  (nM)
20a OH 1.53 3.51 172
29h Cl 1.73 3.00 192
29¢ SH 1.80 2.32 437
20d Br 1.86 2.80 a87

2 [Csz0 values represent the concentration of compounds
required to inhibit Sg-reductase activity by 50%.




BIOIBOCTEPUYHA 3AMIHA

KIIACHUYHI I3O0CTEPA
JIBOBAJIEHTHI

-0- (1 -S- 1 -CH,- [ -NH-

-0 FC—0

/
4
Y

F

\\_//

32
Figure 23.

Table 19. Oral Antiallergy Activity in the Passive
Foot Anaphylaxis Assay of Analogues Containing
Varied Heteroatoms

bond passive foot
electro-  anglets anaphylaxis
compound X negativity?® (deg) assay (10 mg/Kg)®

32a -0- 351 108.0 +++
32b -S—- 2.32 112.0 +
32¢ —CH:— 2.27 111.5 +

32d —NH- 2.61 111.0 +




HEKJIACUYHI I3OCTEPHU

3AMIHA HEIIUKJITYHOI'O ®PATMEHTY
HA IIUKJITYHUU

= 130CTE€pU KApOOKCWIBLHOI IpyIn

LH

ﬂ \Ii \fﬁ

OH

S5

OH




HEKJTACHUYHI I3OCTEPU

B3ACEMO3AMIHHI I'PYIIN




BIOIBOCTEPUYHA 3AMIHA

O6 ncropnn BO3HMKHOBEHUA U Pa3BUTUSA KOHLELUN
6uounsoctepuama. O.H. 3edumpona, H.C. 3ecunpos. Becm.
Mock. YHusepcumema, Cep. 2. Xumus. 2002. T. 43. Ne 4,
CTp. 251-256.

Bioisosterism: A Rational Approach in Drug Design.
George A. Patani, Edmond J. LaVoie
Chem. Rev. 1996, 96, 3147-3176.



ONTUMIBALIS JITY

CIIPOLIEHHA CTPYKTYPU

Me

simplification

Cocaine Procaine




ONTUMIBALIA JITY

3MEHIIIEHHSI KOH®OPMAIIMHOI PYXJIMBOCTI
MOJIEKVYIJI

inhibition of secretary
phospholipase A,

o) INCREASED  DECREASED

cacospongionolide B

InhiIOOfREREHANY restricted cacospongionolide B analogues
PhOSSﬂOﬁéaseBﬁfw ! pongionoli gu

Ryan P. Murelli, Atwood K. Cheung, and Marc L. Snapper. J. Org. Chem. (2007), 72 (5), 1545-1552




ONTUMIBALIA JITY

3MEHIIIEHHSI KOH®OPMAIIMHOI PYXJIMBOCTI
MOJIEKVYIJI

RUG COMPANIES

Tk O NL<H > ' DVANCE DIABETES
=S @ NH, STRATEGIES

RMACEUTICALS: Partners back small
cules, another firm targets proteins

together will advance what they hope might

be effective small-molecule therapies against
diabetes. Meanwhile, Novo Nordisk, a leading insulin
producer, is returning to its roots and will work only on
protein-based drugs.

Although insulin injections have been the primary
diabetes treatment for decades, drug developers have
begun introducing small-molecule drugs that can be
administered orally (C&EN, Jan. 8, page 30). BMS and
AstraZeneca, which both halted late-stage diabetes
programs in 2006, will jointly develop two
compounds discovered by BMS.

One is saxagliptin, one of a class of dipep-
tidyl peptidase-4 inhibitors that reduce blood
glucose. It is in Phase ITI clinical develop-
ment, and the companies hope to file for U.S.
regulatory approval in the first half of 2008.
The other is dapagliflozin, a sodium-glucose
cotransporter-2 inhibitor that improves

k Ximelagatran (AstraZeneca)

RISTOL-MYERS SQUIBB and AstraZeneca




KUIBKICHI 3AJIEXXHOCTI CTPYKTYPA-=-
AKTHUBHICTH - QSAR

QSAR HamaraeTbcs 3B’s13aTu GiosoriyHy
aKTUBHICTb CNOJyK 3 IXHIMU PI3NKO-XiMiYHUMMU
BIfIaCTUBOCTAMM 3a AOMNOMOro0 MaTeMaTUYHNX

¢dopmyn

Ana QSAR cuHTe3yOTb pAn crnosyk i HA OCHOBI
CTaTUCTMYHOrO aHani3y oyayroTb MaTeMaTU4Hy
MoAernb

Hanvacriwe BapitotoTb rigpocoOHi, enekTpoHHi Ta
CTepUYHi BNaCTUBOCTI MONEKyI



QSAR - 3AJIEXXHICTD BIOJIOTTYHUX
BIIACTUBOCTEN BIJ] JJINO®IIBHOCTI

log (1/C)

log P° log P

log(1/C) = —0.22(log P)* + 1.04 log P + 2.16




QSAR - 3AJIEXXHICTD BIOJIOTTYHUX
BJIACTUBOCTEMU BIJ] JEKIJIbBKOX ®AKTOPIB

H

4rCI
L M

4-OM JHZH 3 3,4-Cl,
L ' E | L I £ M\
4-But / 3-CF;-4-Cl

Z

l_ 3-CI j 4-CFyor4-Brord-l  3-CFy4-NO,
| ‘ 2!4-02
599 central }NMe; 3- CH; 3-CFy ar 3-Br or 3-| 4.’102
branch 2 CI 3,5-Cl;
4-NMe; |
L E M 4-'*;‘3: 3-NO,

~  3-Me-4-NMe; 4-F

Figure 13.13 Topliss scheme for aromatic substituents.




JIITAH/IHO-OPIEHTOBAHNI TNU3ANH
JIKAPCBKUX 3ACOBIB - ITPUKJIA 1

IHI'IBITOPU ACE (Angiotensin Converting Enzyme)

| wu P Wsc S : ACE
Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu = Asp-Arg-Val-Tyr-lle-His-Pro-Phe + His-Leu

Angiotensin | Angiotensin Il

Figure 10.59 Reaction catalysed by ACE,

Carboxypeptidase
Peptide ~ aa*-aa’-aa'— CO,H iy -

F‘eptﬁdemaaH-aal—C'ﬂ}H + aa'

' Inhibition

L-Benzylsuccinic acid

Figure 10.60 Hydrolysis by carboxypeptidase.




JITAH/IHO-OPIEHTOBAHNI TNU3AVH
JIKAPCBKUX 3ACOBIB - ITPUKJIA 1

MexaHi3M T1IpoITi3y, 10 KaTali3ye KapOOKCUIICTITHIA3a

H Hydrolysis
Matural 5ubst'rateenx ; '
" NH;

HM

=




JITAH/IHO-OPIEHTOBAHNI TNU3AVH
JIKAPCBKUX 3ACOBIB - ITPUKJIA 1

[Hri6iTOp KapOOKCUMIENTH Ia3U

7%—; Na hydralysis

L-Benzylsucdinic acid E}Qx
", NH;

&

HN=




JIITAH/IHO-OPIEHTOBAHNI TNU3ANH
JIKAPCBKUX 3ACOBIB - ITPUKJIA 1

Iarioitopu ACE

$1 packe

Succinyl
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©
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oH OH  CH, CH;
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JITAH/IHO-OPIEHTOBAHNI TNU3AVH
JIKAPCBKUX 3ACOBIB - ITPUKJIA 1

[ari6itopu ACE




JIITAH/IHO-OPIEHTOBAHNI TNU3ANH
JIKAPCBKUX 3ACOBIB - ITPUKJIA 1

[ariditopu ACE
E E |
>
EtO,C /\u NQ HO,C ™ N 3
!

(o] CO,H
COH
Cilazapril Lisinopril
(Hoffmann-LaRoche) (Merck)

H,

Nature. 2003 Jan 30;421(6922):551-4.
Epub 2003 Jan 19.

Crystal structure of the human
angiotensin-converting
enzyme-lisinopril complex.

Natesh RNatesh R, Schwager SL




JIITAHIHO-OPIEHTOBAHUN JTN3AWH
JIIKAPCBKUX 3ACOBIB - ITPUKJIA] 1

Crpykrypa ACE=1131HONP1IT KOMILUIEKCY




