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Quantitative Structure-Activity

Relationships : QSAR



Classical QSAR

Hansch-Fujita 

Linear Free Energy Relationships: LFER

C:  etc.)
a, b, d, ρ, δ: 

log (1/C) = a (log P)2 + b log P + ρσ + δEs (+ dπ + dπ2)
                + constant

┞



Overton (1897), Meyer (1899) 

㈻
log P 

Meyer & Hemmi, 1935

薬物の構造活性相関，ドラッグデザインと作用機作研究への指針，化学の領
域，増刊122号，構造活性相関懇話会編集，南江堂，1979年（絶版）, p. 10, 1



QSARQSAR log Plog P

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

log (1/C) = 0.86 log P - 0.26
ROH  ketone

n = 8, r2 = 0.994, s = 0.089

log (1/C) = 0.94 log P - 0.43

ROH  RCOR  Salmonella typhosa 

n = 12, r2 = 0.996, s = 0.067



Parabolic Model for Log P and Bioactivity

log (1/C) = a (log P)2 + b log P + (ρσ + δEs) + const.

20-barrier model
compartment log P

3-compartment model

Exploring QSAR, Fundamentals and Applications 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

Exploring QSAR, Fundamentals and Applications in
Chemistry and Biology, Eds: Corwin Hansch and Albert
Leo, ACS Professional Reference Book, American
Chemical Society, Washington, DC, 1995, p. 189, Fig. 6-1



Bilinear Model for Log P
and Bioactivity

log (1/C) = a log P - b log (βP + 1) + (ρσ + δEs) + const.

log (1/C) = a log P - b log (β10log P + 1) + (ρσ + δEs)
                   + const.

β= VB/VA

VA: Volume of phase A
VB: Volume of phase B

Kubinyi, Arzneim.-Forsch.
(Drug Res.), 29, 1979
( Fig. 11 )



Chance Correlation
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Topliss Costello

1 10 さ
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Colinearity
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QSAR of Inhibition of Acetylcholinesterase
with Aliphatic Ammonium Ions

log (1/Ki) = 0.46 [π(R1) + π(R4
’)]

   + 0.74 [π(R2) + π(R4
’’)] + 0.31 π(R3) - 0.11 nH

   + 0.74 ΣδiEs
’c(Ri) + 1.75
                    n = 46, r2 = 0.86, s = 0.27

R1-R4: Me, Et, n-Pr, i-Pr,
   n-Bu, i-Bu, s-Bu, t-Bu,
   c-Hex, Bz, CF3CH2
nH: number of H on N atom

Hydrophobic interaction
with acetylcholinesterase

CF3CH2 nH     σ ┞

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



(Cross Validation: CV)
ッ

Leave-one-out:LOO  leave-several-out:LSO

PRESS = Σ (Yobserved - Ypredicted)2

       SD = Σ (Yobserved - Yaverage)2

         q2 = r2
cv = (SD -PRESS)/SD

 q2 > 0.3
  q2 > 0.5

r2 = Σ (Ycalculated - Yaverage)2/Σ (Yobserved - Yaverage)2



QSAR
Papain よ

log (1/Km) = 1.03 π’3 + 0.57 Σσ + 0.61 MR4 + 3.80
                                 n = 25   s = 0.21   r2 = 0.91

π’3 : 2 m- π
MR4 : p- MR

O

O

CH2NHCOC6H5

Xn

(Ref. 10)



QSAR
log (1/Km) = 1.03 π’3 + 0.57 Σσ + 0.61 MR4 + 3.80

O C

O

CH2NHCOC6H5R4

R3

R'3

! +

!"#$%&'
Papain SH

:

C.G. Wermuth 編集，長瀬　博 監訳，最新　創薬化学探
索研究から開発まで，テクノミック，1998, 2 I



N-Chloroacetyl-N-phenylglycine ester

pI50 = -0.28 (log P)2 + 1.47 log P - 1.95 σ∗ + 4.00
                       log Popt = 2.6, n = 22   s = 0.36   r2 = 0.85

pI50 = -0.29 (log P)2 + 1.88 log P - 1.00 σ∗ + 2.89
                       log Popt = 3.3, n = 22   s = 0.38   r2 = 0.72
log Popt: Optimum log P
             log P

(Ref. 1)

butachlorX: C3~C5

薬物の構造活性相関，ドラッグデザインと作用機作研究への指針，化学の領域，
増刊122号，構造活性相関懇話会編集，南江堂，1979年（絶版）, p. 24,  4

薬物の構造活性相関，ドラッグデザインと作用機作研究への指針，化学の
領域，増刊122号，構造活性相関懇話会編集，南江堂，1979年（絶版）, p. 23



Structure of Plastoquinone and Its Inhibitors
O

O

H3C

H3C

CH3

CH3 CH3 CH3

n

N
H

Y

O

X

Anilide
s
Ureas
Carbamates

Y: alkyl
Y: alkoxy
Y: dialkylamino

s-Triazines X, Y:  alkylamino
Z:  Cl, SMe, etc.

Plastoquinone

Photosystem II Reaction Complex
Receptor:  D1 protein

Inhibitors

N

N

N

Z

N
H

X

N
H

Y Z:=Cl, X=Y=Et: Simazine
Z:=Cl, X=Et, Y=i-Pr: Atrazine

Herbicides



QSAR for Inhibitory Activity of Triazines

pI50 = 8.86 + 0.60 log P - 1.08 log (β10 log P + 1) - 0.26 Wrβ(X) - 0.30 D(Y) 
         - 0.47 Tl(Y)          
                      n = 40     s = 0.39     r = 0.83    log Popt = 4.63  log β = -4.52 

Classical QSAR

Shimizu et al., J. Agric. Food Chem., 36, 1988

N

N

N

Cl

N
H

N
H

X, Y = Alkyl,  cyclo-Alkyl, (CH2)nPh

Wr!(X)

X:  longer substituent Y:  shorter substituent

Wr!(X), D(Y), Tl(Y):  STERIMOL steric parameters.

narrow region

wide region Tl(Y)

D(Y)

P : Partition Coefficient in 1-octanol/water system.



Crystal Structure of
the Reaction Center
from Photosynthetic

Bacteria

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

Reaction center from R. viridis 
in the complex with atrazineL-chain

M-chain

atrazine



QSAR of Antitumor Agents

log (1/C) = -0.014 (log P)2 - 0.13 log P - 0.76 I1 + 0.33 I2 - 0.24 I3
　　　　+ 1.78　　n = 90   s = 0.21   r2 = 0.75   log Popt = -4.4

log (1/C) = -0.038 (log P)2 - 0.53 I1 + 0.98
       n = 101   s = 0.28   r2 = 0.57   log Popt = 0

Antitumor activity (C: 1/1000
)

Toxicity (C: LD10)

I1: R=α-substituted alkyl or cycloalkyl group 1
 (Indicator variable)

I2: R S thiacycloalkyl  1
I3: X=F  1 X=Cl  0

X-CH2CH2NCONH-R

N O

Nitrosourea

(Ref. 12)

Preferable R: Oligosaccaride



QSAR of Antibacterial Gramicidin S analogs

log RA = 0.19 log P’  - 0.67
                        n = 7   s = 0.18   r2 = 0.79

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

Lys

Lys

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



QSAR of Bitter
Thresholds of Amino
Acids, Peptides, and

Their Derivatives

log (1/T) = 0.47 log P’ + 1.02 (D/10) + 0.37 IAc + 0.34
IOR + 0.52 IPro + 1.58

                                                 n = 93   s = 0.24   r2 = 0.85

D: 

IAc, IOR, IPro : 
Pro

1 0
Katayama, T. et al., J. Pharm. Sci., 83, 1357 (1994)
　 (QSAR of Gramicidin S analogs), Figure 1



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

Peptides (I)

ΔpI50 = 0.38 πα - 0.47 Ialk - 0.05
                             n = 10   s = 0.15   r2 = 0.83

RGDX: X = Ser, Val, Leu,
Phe, Tyr, Phg,
Cha, etc.

Ialk: δ-
CH3, CH2

1
Asao, M. et al., J. Med. Chem., 30, 1873 (1987) (QSAR of
bitter thresholds), Figure 1



QSAR of Platelet
Aggregation

Inhibition of Arg-
Gly-Asp (RGD)

Peptides (II)

Cyclic peptides: [Arg(Pmc)-Gly-His-Arg-Gly-Asp-X-Arg-Cys-Arg]
S S

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



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

RGDX
  ΔpI50 = 0.38 πα - 0.47 Ialk - 0.05
                             n = 10   s = 0.15   r2 = 0.83

RGDX + cyclic peptides
  ΔpI50 = 0.36 πα - 0.52 Ialk + 1.86 Icyc - 0.01 
                             n = 16   s = 0.13   r2 = 0.98



Opioid Activities of Gluten Exorphin
Analogs

Gluten よ: Gluten exorphin C, Tyr-Pro-Ile-Ser-Leu
                                   Gluten exorphin D’, Tyr-Pro-Ile-Gly-Gln

Opioid Activities, pI50(= -log IC50):
50%

GPI: 
MVD: 



Opioid Activities and Physicochemical Side
Chain Parameters of Gluten Exorphin Analogs

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



QSAR of Opioid Activities

pI50(GPI) = 0.61 pI50(MVD) + 2.82

n = 8, r2 = 0.80, s = 0.25

pI50(GPI) = 0.49 pI50(MVD) + 0.68 π3 + 1.13

n = 7, r2 = 0.81, s = 0.22

5 ┘

3 ┘

pI50(GPI) = 0.58 pI50(MVD) + 0.67 π3 - 1.25 I3 + 2.03

n = 15, r2 = 0.94, s = 0.23
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