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Classical QSAR

Hansch-Fujita i&

Linear Free Energy Relationships: LFER

log (1/C) =a (log P)> + blog P + po + OE_ (+ dx + dn?)

+ constant
C: & (RE etc.)

a, b, d, p,d: RE
v
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BRKTE & BT

Overton (1897), Meyer (1899) IZ &k HFEED 1) R4 &R

ERDEEHD
3.0f RO VITHT S
REEE L EE AR
L log P & DEHR
g Salicylamide O 0-NO,—Aniline
s 101 O Phenobarbital
- PhCONH,
- BuCONH,
EtOH
—-1or \ , 1 Meyer & Hemmi, 1935

0 2.0

log P (oleylalcohol/H,0)

ENOMEENEEME, RSy I/T7TH( 0 EFRBEMRADEH, (LE0ME
1%, #2228, MEEHEBERES, BmIE, 1979 () ,p 10, E1




QSARIGHH (log POAHEEHE)
BARDIEBMOT 8T S v 5 VIR 5 EE

log (1/C)=0.90 log P + 0.91
n=57,r2=0.925,s=0.312

ROH & & U ketonelZ&k 51 —X FEMADBEIERF
log (1/C) =0.86 log P - 0.26
n=38,r:=0.994,s =0.089
ROH $ & U RCORIZ & B Salmonella typhosa O
RINBERE
log (1/C) =0.94 log P - 0.43
n=12,r2=0.996,s = 0.067




Parabolic Model for Log P and Bioactivity

. S R R T

H,0  Lipid H,O0

_20 | | L | | |
3-compartment model “y = iwefo@ o1 2 -3 4

LOG P
Exploring QSAR, Fundamentals and A pplications in 2 O-b arrier mOdel ': ; 6 ﬁ%

Chemistry and Biology, Eds: Corwin Hansch and Albert

Leo, ACS Professional Reference Book, American t t m % %
Chemical Society, Washington, DC, 1995, p. 189, Fig. 6-1 comp artment lO g P 43

Exploring QSAR, Fundamentals and A pplications in Chemistry and
Biology, Eds: Corwin Hansch and Albert Leo, ACS Professional
Reference Book, American Chemical Society, Washington, DC, 1995,
p. 189, Fig. 6-2

log (1/C) =a (log P)> + b log P + (po + OE,) + const.




Bilinear Model for Log P
and Bioactivity

Kubinyi, Arzneim.-Forsch.
(Drug Res.), 29, 1979
(RAIEFig. NZEHE)

P=Vg/V4
V,: Volume of phase A

2 0 2 4 Vg: Volume of phase B

log P

log (1/C)=alog P-b log (BP + 1) + (po + OE,) + const.

log (1/C) =alog P - b log (f10'e* + 1) + (po + OE,)
+ const.




Chance Correlation
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Colinearity
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QSAR of Inhibition of Acetylcholinesterase
with Aliphatic Ammonium Ions

log (1/K) = 0.46 [m(R,) + m(R,)]
+0.74 ["(R,) + ®(R,”)] + 0.31 m(Rs) - 0.11 ny
+0.74 ZB.E_ <(R,) + 1.75

n =46, r: =0.86, s = 0.27

R;-R,: Me, Et, n-Pr, i-Pr,
n-Bu, i-Bu, s-Bu, 7-Bu,
c-Hex, Bz, CF,CH,

ng: number of H on N atom

CF,CH,E%*&{

I:.‘°'5|’%75)\7:;~ Ly

ﬁ—P Ny

o [ZHER8

0.743

Q=973

0.460

Hydrophobic interaction
with acetylcholinesterase

, T., et al., Handbook of Pesticide Toxicology, Vol. 1,
Chapter 29, 649-670, Academic Press, 2001, Figure 5




RXEHEZE (Cross Validation: CV)iE(Z
& HDETILDIREE
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QSAR/E I

I X T I)LDPapainlZ & 5K fE

(Ref. 10)

log (1/K ) =1.03 n’; + 0.57 Zo + 0.61 MR, + 3.80
n=25 s=0.21 r:2=0.91

v, HEOm-BREDS 5, BAROKENEO
MR, : p-EEDMR

__ 0
Qc | CH,NHCOCgHs
o




QSARRXDE

log (1/K,) = 1.03 ", + 0.57 =0 + 0.61 MR, + 3.80

BRAKIERYT v b

Papain

|| >
<‘© 0 c CH,NHCOC4H:;
C.G.Wermuth§R£, R# ™ ER, & SIFTLFR

FHAADOSBEARET, T/ 3y, 1998, 2%, S &KHEI




N-Chloroacetyl-N-phenylglycine esterfg

1 3 : pl, =-0.28 (log P)2 + 1.47 log P - 1.95 * + 4.00
log P, =2.6,n=22 s=0.36 r*=0.85

EX : pl,=-0.29 (log P)*> + 1.88 log P - 1.00 c* + 2.89
logP,,=33,n=22 s=0.38 r:=0.72

log P, .: Optimum log P
p pl
= o -E 50
(ExiE log P{E)
COCH Cl COCH2C1
4—
X CH COOR CH ,OC,H,
X: C,~C M
butachlor
7)[/-‘\:)[/5 log P
. - RS yIFHAS N EYOMEEEEE, K5y *f'f/&f’ﬁﬁﬁﬂf’ﬁﬂf%’.’\o?ﬁ {I:. Oﬁﬁﬁﬁ
R AT R, WS AR, a0 (o 20 ATI28, MERLENEESER, WILE, 1795 GOH) .5 20,84




Structure of Plastoquinone and Its Inhibitors

CH, Plastoquinone

ZCH,

Photosystem II Reaction Complex
Receptor: D1 protein

(Inhibitors )
z s-Triazines X, Y: alkylamino
N)\N Z.: Cl, SMe, etc.
| Herbicides
X\H)%N)\H/ Y Z:=Cl, X=Y=Et: Simazine
7.:=Cl, X=Et, Y=i-Pr: Atrazine
z | /ﬁ\ Anilide Y: alkyl

AN Ny €arbamates Y: alkoxy

X H Ureas Y: dialkylamino




QSAR for Inhibitory Activity of Triazines
Shimizu et al., J. Agric. Food Chem., 36, 1988

|
Gvide regiOID Wrp(X) Nj\lN T,Y)
D(Y)

| | L ]
X: longer substituent

X, Y = Alkyl, cyclo-Alkyl, (CH,),Ph
W,g(X), D(Y), T(Y): STERIMOL steric parameters.
P : Partition Coefficient in 1-octanol/water system.

Classical QSAR
pl, = 8.86 + 0.60 log P - 1.08 log (810 2* + 1) - 0.26 WrB(X) - 0.30 D(Y)
-0.47 T(Y)
n=40 s=039 r=0.83 Ilog POpt =4.63 log B =-4.52




atrazine ' w’e ¢ .
P S - 7 .G \—AJ | Crystal Structure of

the Reaction Center
from Photosynthetic
Bacteria

R M-chain

Reaction center from R. viridis
in the complex with atrazine

L-chain

Lancaster and Michel,
e 95 J. Mol. Biol., 1999.



QSAR of Antitumor Agents
N=0 (Ref. 12)

X'CHchzNCONH-R Nitrosourea

Antitumor activity (C: R X S IZTHHEL 1=/ > #IFE%1/1000
TRV S LHRE)
log (1/C) = -0.014 (log P)2- 0.13log P - 0.76 I, + 0.33 I, - 0.24 1,
+1.78 n=90 s=021 r’=0.75 logP,, =-4.4
Toxicity (C: R X S IZH T BHLD,,)
log (1/C) = -0.038 (log P)2 - 0.53 1, + 0.98
n=101 s=0.28 r’=0.57 logP,, =0

I,: R=0-substituted alkyl or cycloalkyl group®D B (Z1D{E %
& HEEZEH (Indicator variable)
L: ROVERIE SN 7Z L S % & D thiacycloalkyl B D BF 1
L,: X=FDEf 1, X=CIDEF 0 Preferable R: Oligosaccaride




QSAR of Antibacterial Gramicidin S analogs

D-Ala, D-Leu, D-Tyr,
D-Ser, D-Cha

Fujita, T., In Comprehensive Medicinal Chemistry,
Vol. 4. Quantitative Drug Design (Ed. C.A.
Ramsden, Permagon Press, Oxford, pp. 497, 1990
(QSAR of antitumor activity), Figure 1% %

D-Phe

n=7 s=0.18 r:=0.79




S D-oxs QSAR of Bitter

) Thresholds of Amino
b« Acids, Peptides, and
f Their Derivatives

" D:SFOES

Ly Iors Ipro : TENENT £ FILKE,
IRATIUEK, ProxaTEEYDIS
&I21, ThUSDIESYTIOE
ZcOREH

log (1/T) = 0.47 log P’ + 1.02 (D/10) + 0.37 I, + 0.34
Iop +0.52 I, +1.58

n=93 s=0.24 r:=0.85




QSAR of Platelet Aggregation
Inhibition of Arg-Gly-Asp (RGD)

Peptide
RGDX: X = Ser, Val, Leu,
Phe, Tyr, Phg,

Cha, etc.

Ly: 7 S/ BRBISHANS-fLI
CH;, CH,Z¥ 27
FILEDEFICIDEZ
& HHRER

0.8 F

0.4

0.0F

Aplsg

Trp

-1

sa al e
bitter threshol Figure 1

Apl,, = 0.38 7, - 0.47 1, - 0.05
n=10 s=0.15 r2=0.83




No. Peptides T Lok Aplsp
x Side Chain of X ’ Obsd.@ Calcd.t A QSAR Of Platelet

RGDX o
1 Ser _CH,OH 019 0 000 -0.08 008 Aggregatlon
2 Val -CH(CH3)CH3 .00 0 027 035 -008
3 Leu -CH,CH(CH3)CH3 1.52 1 018 001 0.17 L TP
4 e CH(CH3)CH,CH3 143 1 000 -0.02 002 Inhibition Of Al’g-
S Phe -CH,Ph 1.78 0 065 063 002
6 Tyr -CH,Ph(4-OH) 1.I0 0 006 038 -0.32 - ( )
7 Trp Indole-3-methyl 202 0 080 071 009 Gly ASp RGD
8 Nvac¢  -CHpCH,CHj3 124d 1 -0.15 -0.09 -0.06 .
9 Nlec  -CHCH;CHCH3 1794 1 011 011 000 Peptldes (I
10 Pphge _Ph 142¢ 0 058 050 008
11 Chac -CHj-cyc-CeH1q 281 0 022k 099 -0.77
12 E(p-Cl)¢ -CH,Ph(4-Cl) 25086 0 020k 0.88 -0.68
cyclic-Peptides
13 Leu "CH,CH(CH3)CH3; 1.52 1 174 187 -0.13
14 Val CH(CH3)CH3 1.00 0 238 221 0.17
15 Phe -CH,Ph 1.78 0 243 249 -0.06
16 Tyr CH,Ph(4-OH) 1.10 0 223 224 -00l
17 Y(Me)c¢ -CHpPh(4-OMe) 176h O 247 248 -001
18 Y((#nBu)¢ -CHyPh(4-O-n-Bu) 341! 0 268k 307 -0.39
_Ph . : .
19 Phg o P 142 e 0 2 39 3 2 36 () ()3 Asao, M. et al., J. Med. Chem., 30, 1873 (1987) (QSAR of
20 F(p-Iyc -CH2Ph(4-1) 2927 0 237+ 289 -0.52 bitter thresholds), Tabel I
21  E(p-Cl) ¢ -CHPh(4-Cl) 2508 0 236k 2.74 -0.38

Cyclic peptides: [Arg(Pllnc)-Gly-His-Arg-Gly-Asp-X-Arg-Cyls-Arg]
S S




QSAR of Platelet Aggregation Inhibition
of Arg-Gly-Asp (RGD) Peptides (I11I)

RGDX
Apl, = 0.38 7 - 0.47 I, - 0.05

n=10 s=0.15 r>=0.83

RGDX + cyclic peptides
Apls,=0.36 v, - 0.52 I, + 1.86 I, - 0.01
n=16 s=0.13 r:=0.98




Opioid Activities of Gluten Exorphin
Analogs

GlutenDEFE 7f#: Gluten exorphin C, Tyr-Pro-lle-Ser-Leu
Gluten exorphin D’, Tyr-Pro-Ile-Gly-Glin

Opioid Activities, pI;,(= -log I1C,,):
ERHHATHEE SN T RHDIEZ50%R S
B HEME
GPL: E/LE Y ~EI
MVD: ¥ ") REEE




Opioid Activities and Physicochemical Side
Chain Parameters of Gluten Exorphin Analogs

No. Peptides® m3 w5 E'(3)° plso
GPI MVD
Obsd.¢ Calcd. Obsd.C Calcd.
Eq.5 A Egs.6,79 A Egs.8,9¢ A
1 143 152 -181 4404 453 -013 316 124 4878 298 1.89
2 152 152 -144 |3.70| 392 -022 369 001 [3.70| 357 0.13
3 1.00 152 -129 |3.70| 357 0.13 3.72 -0.02 |3.70| 3.80 -0.10
4 179 152 -082 [452]| 474 -022 462 -0.10 |482| 455 027
5 124 152 -082 |448| 440 0.08 444 0.04 |485| 455 030
6 178 152 -090 |452| 435 0.17 451 0.01 |415| 442 -027
7 202 152 -086 |470]| 451 0.19 465 006 |4.15| 449 -034
8 1.52 -052 -144 |515{ 558 -043 - : 441 - -
9 143 -052 -181 |[5524 573 -021 5.11 041 (4774 405 0.72
10 143 152 -181 |626| 605 021 615 0.11 |533| 536 -0.03
11 143 143 -181 |606]| 602 0.04 6.08 -002 |527| 528 -001
12 143 178 -181 |644| 631 0.13 632 0.12 |577| 559 0.18
13 143 1.00 -181 |549| 573 -024 579 -030 |4.78| 491 -0.13
14 143 028 -181 |538] 544 -006 529 0.09 [426]| 428 -0.02
15 143 -187 -181 |546| 508 038 525 021 |[364| 390 -0.26
16 143 -239 -181 |485| 511 -026 489 -004 |3.70| 344 026
17 143 -131 -181 |546]| - . 563 -0.17 |- - -

Asao, M. et al., J. Med. Chem., 30, 1873 (1987)
(QSAR of bitter thresholds), Tabel IT




QSAR of Opioid Activities

SER7 S/ MELR LAY
pl.,(GPI) = 0.61 pL,,(MVD) + 2.82
n=8,r2=0.80,s = 0.25
SERT7 S/ MELRLIILAD
pl.,(GPI) = 0.49 pL.,,(MVD) + 0.68 &, + 1.13
n=7,r2=0.81,s=0.22
£EEY
pLy,(GPI) = 0.58 pI,,(MVD) + 0.67 7, - 1.25 I, + 2.03

n=15,r?=0.94,s =0.23
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