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QSAR/N\T A —5F —

® BRKIE/INT A —4—

®log P (AFE2EDERKM)

o (EMEDERKME)
o BEFM/INSA—4—

® ¢ (HammettE#) , o, o*, o°

® O,, Oy

®F, R

® MO (Molecular Orbital) /X5 A —%4% —
® IIENTGA—H—

® E, (TaftDiLF/NF A —52—)

® E:, E(AMD)

® B, B, L... (STERIMOL/XS *—4&—)

® MR (Molecular Refractivity: 7-FBHT)

® Molecular connectivity ()




Hammett DEBFHI/INT A —F —
HammettHll
Substituent effect = log(K«/Ky) = log Ky - log Ky, = 0

m-, p-X-substituted benzoic acids® 1 7 > {t B
(25°, in water ): Ky

BEfE XOEFH/NTA—F—! oy

DR GRS 4
\ + O — \ + H—O
X 1 O-H S X/ / o} “H

X

log (kx/ky) * log(Ky/Ky) = po
log ky = po + log ky




MERINTGA—F—

E.: Steric constants by Taft E, =log (ky*/ky?)
i 1+
O A (I)H
XCHZ% —~— |XCH,—C---OR | =2 XCH,COOH + ROH
W u

Kutter-Hansch
WA EBRE(COVVTREHAKIL.

E, = ar, + const.
r,: BEAEDFY van der Waals FF




BRIKIE/INT A —2 —
logP: EE, -2/ —IV/KRIZEITBHFD

DERE P OXH

P=C,/C, C,C. A%/ —ILHBHWLIKF
wﬁ?wdfmz

n, = log P, - log Py

REBRROEE (FEK BUWE ~TOREE)
P, BICHFRAICEELTHWSEPEEICEY
n EXELT S.




Log POpHIKRTFE

log P’ =logP ., —IpK, — pHI

—IE XK E (AH) DO P
(A) (B)

slope = 1

Y

log P’
log P’

N

log P’: RHNTD log P

—IEEER (AH) OPI

pPKa pH

pKaa pKaz2 pH

ENOMEENEEME, RSy I/TH( 0 EFRBEMRADES, (LFOMEE,
BT1228, WEEEHERBERIESR, BIE, 1979 (&R ,p 74 Bl




ERED{E

Subst. X  ®X/PhH) T(X/RH)2 Subst. X T(X/PhH) T(X/RH)a
F 0.14 -0.73 OH -0.67 -1.80
Cl 0.71 -0.13 OMe -0.02 -0.98
Br 0.86 0.04 CN -0.57 -1.47
| 1.12 0.22 Ph 1.96 ~b
Me 0.56 0.53 OCH2COOH -0.79 —b
Et 1.02 —b NH2 -1.23 -1.85
i-Pr 1.53 —b NMe2 0.18 -0.95
CF3 0.88 0.16 NHAc -0.97 —b
CHO -0.65 —b CONH2 -1.49 -2.28
Ac —0.55 -1.26 NO2 -0.28 -1.07
COOMe —0.01 -0.91 SMe 0.61 —b

a. R=Ph(CH2)h,n=2or 3.

b. Not experimentally measured, but estimable empirically.



Log P DETHEAE
*tfEZ AT
log P, =log P + 7,
*VIT*AVFERZRANT
CLOGP : Biobyte ¥t (Hh') 2+ IL=F, KREFTKETEHH)
log P, =2a t +2b_F_
f: Fragment constant, F: Correction factor

log P(PhCI) = log P(PhH) + (Cl/PhH)
log P(PhCI) = f(C H.) + f(Cl)

n(C1l/PhH) = {(Cl, aromatic) - f(H, aromatic)
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ROH ------
(solvent)

PYOx

.-ROH

(solvent)

X-BEf 7/ —I)LDFZEDIEAKE (R:1-Oct or H)




SZEBRA Y 2 OBRKIEID

log P(X-C,H,-Y/PhH) = log P(PhH)
+ Zu(X,Y/PhH) + pyoy" + px0oy" + const.

X, YA\ hydrogen bond ZH LG WG S
Px =py=0
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log P(X.-benzene/benzene) = log P(PhH)
+ Zn(X./PhH) + Z[pZ0%(0,m,p)
+ p20;(0) + 0ZE (0)] + const.

Ortho effect \

Y

= \ 51(0), E<(0)
\ Y

X
X




R7ZFRELVT = / BRAISHOBEKMED

log P(peptides) = 1.02%x - 0.58 | ., + 0.23XE’ ¢ + dyly
+ [conformational factors]
E,.° . aliphatic &

Intramolecular Polar Proximity
Hydrogen Bond Effect

\_I

Hydrophoblmty of Y
the group on the dx
backbone




RTFFELUVT =/ BRAIHDBRIKHE (ID)

n,(X) =1.02x + 0.23E° ¢ + dI

n, : Effective hydrophobicity index of amino acid
side chains (not including conformational factors)

Amino T, Amino T, T, @
acid acid
Gly 0.00 Asn -0.52
Ala 0.28 Gin -0.52
Val 1.00 His 0.17 0.04
Leu 1.52 Lys 0.63 -1.87
lle 1.43 Orn 0.08 -1.77
Phe 1.78 Arg -0.42 -1.31
Trp 2.02 Asp 0.05 -2.29°
Tyr 1.10 Glu 0.02 -2.39°¢
Met 0.99
Ser -0.19
Thr 0.07
Pro 0.46°

a From log P’(pH 7)

b The value depends
on the location of
Pro and the number
of residues in
peptides.

¢ Modified value



EBREDIDSTAVIEHEALYLOaVI27H458—0)

Frag. f(al.)2 f(ar.)p © pc Frag. f(al.)a f(ar)p O  pPc

H 0.23 0.23 - - -O- -1.82 -0.61 0.17 0.50
F -0.38 0.37 0.28 0 -N=d -2.37 -112 0  0.61
Cl 0.06 0.94 0.28 0 -S- -0.79 003 0 O

Br 0.20 1.09 0.28 0 -502- -3.13 -2.17 0.70 0.45
| 0.59 1.35 0.28 0 -NH- -215 -1.03 0 1.08
NO2 -1.16 -0.03 0.60 0 -CO- -1.84 -1.09 0.51 0.27

OH -1.64 -0.44 0 1.06 -CO2- _145 —-056 0.51 0
NH2 -1.54 -1.00 0 1.08 -CH=N- -1.20 -1.03 0 0.61

CF3 — 111 049 0 -CONH- -2.71 -1.81 0.32 0.72
CN -1.27 -0.34 065 0 -N=€ — -1.14 0.90 0.30
COOH -1.07 -0.03 0.32 0.35 =c=f 020 013 - —
a. Aliphatic. b. Aromatic.

c.. Susceptibility to the 20 of other aromatic fragments.
d. Trivalent nitrogen.
e. Nitrogen fuzed in heteroaromatic. f. Isolating carbon.



EREDIDSTAVIEHEOALY O3V ID7H 42—

Aliphatic F Aliphatic F Aromatic Features F
Features Features
Chain branch -0.13 X-C-X 0.6 ~2.82 Internal H-bonding  0.63
Group branch -0.22 X-C-C-X  0.28b Ortho effect -0.28
Double bond -0.09 X-C-Y 09~27c¢ Electronic
Triple bond -0.50 X-C-C-Y 0.35~0.459 interaction among
Chain bond? -0.12 Y-C-Y -0.26 ~ —-0.42¢ fragments 2p0
Ring bond’ -0.09 Y-C-C-Y -0.15~-0.26¢

a. Increases with the number of geminal halogens (X) from 2 to 4.

b. Multiplied by the total number of halogens (on both sides of C-C) minus unity.

c. Varies depending on the type of Y (H-bonding fragment) and the number of
geminal X.

d. 0.45 when X =F.

e. Multiplied by Zf(Y) which is usually negative to give positive corrections; varies
according to structural features of Y.



CLOGP IZ& Blog P DEHEHI (1)

,@ ........ : ﬁ I|-I : Methomyl

Fragment Types, Components in CLOGP Estimated Values
Correction Factors

Polar fragment "thioiminocarbamate” -1.850 (f)
Isolating C's 3 x "aliphatic IC's" 0.585 (3 x 0.195f)
Ex-fragment H's 9x"HonlIC's" 2.043 (9 x 0.227f)

Ex-fragment bonds (3 - 1) x bond factor -0.240 (2 x —0.12F)

Measured = 0.602 2af + 2bF = 0.538 (CLOGP)

a. Drabek and Bachmann (1983).

Fujita, T., et al., Handbook of Pesticide Toxicology, Vol. 1, Chapter
29, 649-670, Academic Press, 2001, p. 656, Table 29.3




CLOGP 2 & %
log P MFEH AN @&

Fujita, T., et al., Handbook of Pesticide Toxicology, Vol. 1, Chapter 29,

649-670, Academic Press, 2001, p. 657, Table 29.4

3 5

Fragment Types, Components in Estimated Values

Correction Factors CLOGP
Polar fragments 2 x "2° amine” —2.060 (2 x —1.030f)
Polar fragments 3 x aromatic (fused) N -3.420 (3 x —1.140f)
Polar fragment "sulfide," -S- 0.030 (f)
Isolating C's 7 x "aliphatic IC's" 1.365 (7 x 0.195f)
Isolating C's 3 x "aromatic IC's" 0.390 (3 x 0.130f)
Ex-fragment H's 17 x "H on IC's" 3.859 (17 x 0.227f)
Ex-fragment bonds 7 x "bond factor" —0.840 (7 x —0.12F)
Ex-fragment branch 1 x "chain branch"” —0.130 (F)
Ex-fragment branch 1 x "group branch™ —0.220 (F)
Electronic interactions 2p0 3.755 (F)
Ortho correction between -S- and =N- 0.400 (F)

Measured = 3.38

2af + 2ZbF = 3.129 (CLOGP)




HPLCEIZE D S BRKE/NT A —5 —

HPLC: (G¥#E) BFE#RAEIOITELT S T4 —
BEHEKAR/—IL (FEF=FY)JL)

k = (tg - ty)/t, logP=alogk+b

te: A PR ]
t, : 7B D RFEFRRE

KEFEHEREZRHOEEVDIFES, logPL
log k& DEREABRAIL L.




D BED S EZRE Elog P,

Fujita, T., et al., J. Med. Chem. (1977)

log P, =log P . + Alog f(HB) + C
Alog f(HB) = log [f(HB),,;,/f(HB),]

log P,,: HBDBE/KZRD BRI
log P, : 1-F 9 B/ —ILIIKZRD7TEFZE
f(HB): {t&¥ & AR & DKFERICER L =B



ToplissDtree (I)
(QSAR/N\S A —F —DEMRIFIA)
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ToplissDtree (II) (QSAR/NS A —& —DEHERMFIA)

Topliss & Martin, = Om % E,
“Dl’llg Design” R_Q Cl 0.71 0.37 0.23 -0.97
(E.J. Ariens, Ed.) CH; 0.56 -0.07 -0.17 -1.24
Academic Press, * OCH;4 0.02 0.12 -0.27 -0.55
New York (1975), N(CHs3),| 0.18 -0.16 -0.83 -

Vol. 5, p. 1 R—©—m CF; 0.88 0.43 0.54 -2.40
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Topliss@Dtree: example

Natriuretic activity of
substituted benzenesulfonamides

\ SOzNHz
4 /
Step No. No.? R log 1/C
6 H 0.155
7 4-Cl 0.301
14 3,4-Cl, 0.267

8 4-Br = 0.267
13  4-NO, 0.845
11  4CN~  1.020

a. Compound number as given
in tabulation by Kakeya et al.,
Chem. Pharm. Bull. 18, 191 (1970).

ONLhWN=-




Craig Plot

BRUMREDINSGA—F—ICLPEBMED2RTTTAY F

~41.0
L ]
+0 g CF3S0, i S .
T 0.75
-1
L ]
° CHaSO g 2 SFs
g2 o -+ 0.50
SOZNHz . CHGCO 0.5 3
CONH, oOCF,
® —+0.25 s
CO,H cn. g |
-2.0 -1.6 -1.2 -0.8 0.4 oF 0.4 0.8 1.2 1.6 2.0
1 1 1 1 1 | L l L 1
1 1 1 lo 1 1 1 1 1 1 %
B CH,CONH s .
Me Et i
-0.25 v
OCHST t-Butyl
[ ]
OH
-+ —0.50
° .NMez
NH,
-+ -0.75
=01 =T —o +%
+-1.0
_0

EREOFHEZE

iR HDEF,

R

7

- .
\

54 /IO

G. L. Patrick3, it)I| BAhEERR, AT« > FI
FIRAMY—, hE, 2003,p.266, F 11.15




EfEDEYFIFMEF

EYFERIFEM R (Bioisostere)
HOLEYEEICE > TEEGYEIEFHIIEEDRHELIL =

EfE

NC\ /CN
@) C (@) (@) (@) 9]
B G OH — C—CH, — 8—CHy — S—CH,§ S —NHCH, — C—NMe,
0 0

T -0.55 0.40 —1.58 -1.63 -1.82 -1.51

Op 0.50 0.84 0.49 0.72 0.57 0.36

O 0.38 0.66 0.52 0.60 0.46 0.35

MR 11.2 21.5 13.7 13.5 16.9 19.2

G. L. Patrickd, dt)Il BfthEERR, AT« > FI

IR MY—, HE, 2003,p.270, F 11.20




Classical QSAR

Hansch-Fujita i&

log (1/C) = a (log P)* + b log P + po + OE, + constant

C: EfE GREE etc.) CH,COOH
a, b, p, : R

log P: 72 EDBKE - ‘ WYRILEY

o: BT REIM \ PR Al
E;: THMHN S S \x
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Classical QSARX D FE (1)

D:EY) T: 2B R ETEER AL
P:EEZES ISR T ERY

D+T—(D.T)— — —(P)
K k

~(D-T)
K =007

dP) _ 2. T)

dt
AG SERTRICHE ITHEHRHIRILE—Z{E
AG=-RTIn K [K = exp (-AG/RT)]

P - — e
_d_c(lt_)_. = k- K(DXT) = k(exp RAY? )(D)(T)

KIF, FEYOME TR, K5y TS LERBERREADISEH, (RO,
#1228, EEHEBBESES, BIE, 1979F (HR) ,p.43-45& YSIH




Classical QSART D FE (111)

D:EY) T: 2B R ETEER AL
P:EEZES ISR T ERY

D_|..T—<_‘__-—’_(D-T)—*—’—’(P)
K k
_d_c(;;)_ L, K(D\(T) = Z(exp _RAYC"; )(D)(T)

R ROPODERMEZPETHE ((D)(DITEEREERTE)

f :*d(P) =Z(exp ’;’f )(D)(T) J' ;*dt

(P = F(exp o ) OXT)e*

KIF, FYOME TR, K5 vITFHAM Y LERBERREADIEEH, (RO,
#1228, EEHEBBESES, BIE, 1979F (HR) ,p.43-45& YSIH




Classical QSARX D EFE V)

D:EWY

AR
P:EEZES ISR T ERY

T

D+Tz:_—*_(D-T)-—+:->——>(P)

K

k

f :*d(P) - 75(

P =

—4G

eXp —p7 )(D)( T) f;*dt

— 4G

exp 7= | OXT)t*

(D)= A-(D)y £F35L (4:EMO@BEBEICER)

1
(D)o

= z(exp

—4G L
RT ) AT

KIF, FEYOME TR, K5y TS LERBERREADISEH, (RO,
#1228, EEHEBBESES, BIE, 1979F (HR) ,p.43-45& YSIH




Classical QSARX DEFE(V)

D:EY) T: 2B R ETEER AL
P:EEZES ISR T ERY

D+T—(D.T)— — —(P)
K %

1 = —4G t*
o = Her 7 AT
Lo roc—r = g e BATE T 0
(D)o RT

It[i: ﬁqﬂo‘!ﬁIEIEJEﬁ, I 7 /0 7 U 1 /&IF”! ﬁIFHIgE’\aojﬁ

§t, {LEDMEL, 81228, MELEANBELERE, B, ( )
19795 (#hR) , p. 43-45;'J§|m = f(log P) f Jt, 09 Es




Classical QSARX D FEE (V)

D:ZFEY) T: 2 BRI
PR AESISRCTERY

D+T:_‘__-—*_(D-T)-—>:—>——>(P)

K k
Lo s o g M BATELE 0,
D) ~ &LV RT
nsElE | | RBEREDOHEER
f(log P) f(r, o, E)

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

+ constant
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. Physical Organic Chemistry, Ed: Neil Isaacs, John Wiley &

Sons, Inc., New York, 1995 (Hammett Bl])
. G. L. Patrick¥, dbJIl BEER, AT FILTIX b
)—, AZ\F, 2003



S 3CEh (D)

. Akamatsu, M. and Fujita, T., J. Pharm. Sci., 81, 164 (1992)

RTF FELUVT = / BRAIHDOBRKE)

. Nakagawa, Y., et al., Environ. Toxicol. Chem., 11, 901 (1992)

(ZE]A U DBKE)

. CLOGTP software, BioBite, Claremont, California, USA

. Fujita, T., et al., Handbook of Pesticide Toxicology, Vol. 1,

Chapter 29, 649-670, Academic Press, 2001



