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KierKier--Hall EHall E--state descriptorsstate descriptors

Pharm.Res. 1990, 7, 801-807
JCICS 1991, 31, 76-82
I=(δV+1)/δ
– δV and δ are counts of valence and sigma 

electrons of atoms associated with the molecular 
skeleton

Si=Ii+ ∆Ii
– E-state value, Si, for skeletal atom I
∆Ii, is given as Σ(Ii-Ij)/rij

2



ChemoMine 3

IntrinsicIntrinsic--State ValuesState Values



ChemoMine 4

KierKier--Hall Atom TypesHall Atom Types
RowNo atom-types-Kier-Hal RowNo atom-types-Kier-Hall

1 sOH 19 ddssS
2 dO 20 sF
3 ssO 21 sCl
4 aaO 22 sBr
5 sNH2 23 sI
6 dNH 24 sCH3
7 ssNH 25 ssCH2
8 aaNH 26 dCH2
9 tN 27 sssCH1

10 dsN 28 dsCH1
11 aaN 29 tCH
12 sssN 30 aaCH
13 ddsN 31 aasC
14 ssssN+ 32 ddC
15 sSH 33 tsC
16 dS 34 dssC
17 ssS 35 ssssC
18 aaS
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KierKier--Hall AlgorithmHall Algorithm
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QSAR example 1QSAR example 1
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QSAR example 2QSAR example 2
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What to assign as EWhat to assign as E--sate value of sate value of 
the atom type not present?the atom type not present?

E-state value of ‘0’ is valid result so 
reporting value of ‘0’ for missing atom 
type should not be used (as in C2 –
Accelyrs)
Use of –999 as E-state value for 
missing atom types as input for QSAR
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What are the issues with EWhat are the issues with E--states states 
and multiand multi--functional molecules?functional molecules?
35 atom types that are the bases for 
calculating K-H E-sates are too general
When dealing with QSAR for datasets 
where atom-by-atom matching is not 
possible and any given atom type hit 
more than once the result is 
ambiguity that no statistical tool will 
resolve
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More on ambiguityMore on ambiguity

For example: ssNH could be part of
– Sulphonamide, RNHSO2R and
– Amine, RNHR 
– Same atom type, both part of the same molecule –

but in very different chemical environment
What to calculate?
– An average
– Sum or
– Both – the sum and the average
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Testing hypothesis that simple counts Testing hypothesis that simple counts 
should do at least as good as information should do at least as good as information 

rich Krich K--H EH E--statesstates

Develop the program that will read in 
the same atom types and do the counts
Choose several datasets that from 
QSAR area that feature multi functional 
type of molecules
Use the same statistical approach to 
compare the performance of two sets of 
descriptors
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Protocol used for comparisonProtocol used for comparison
Descriptors:
– E-state

35 descriptors based on average E-state values
35 descriptors based on sum of E-states

– Counts
35 based on the counts of K-H –state atom types

Datasets
– logP*, aqueous solubility, Human Intestinal 

Absorption and Blood Brain Barrier
Statistical Tools
– PCA/PLS in Simca (Umetrics)
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Smarts Definitions for KierSmarts Definitions for Kier--Hall Hall 
Atom TypesAtom Types

RowNo smarts-definitions estates-atom-types-KH RowNo smarts-definitions estates-atom-types-KH
1 [OH1][*] sOH 19 S(=[*])(=[*])([*])[*] ddssS
2 O=[*] dO 20 [F][*] sF
3 [OH0]([*])[*] ssO 21 [Cl][*] sCl
4 [o] aaO 22 [Br][*] sBr
5 [NH2][*] sNH2 23 [I][*] sI
6 [NH1]=[*] dNH 24 [CH3][*] sCH3
7 [NH1]([*])[*] ssNH 25 [CH2]([*])[*] ssCH2
8 [nH1] aaNH 26 [CH2]=[*] dCH2
9 N#[*] tN 27 [CH1]([*])([*])[*] sssCH1

10 [ND2](=[*])[*] dsN 28 [CH1](=[*])[*] dsCH1
11 [nH0] aaN 29 [CH1]#[*] tCH
12 N([*])([*])[*] sssN 30 [cH] aaCH
13 N(=[*])(=[*])[*] ddsN 31 [cH0] aasC
14 [N;+]([*])([*])([*])[*] ssssN+ 32 C(=[*])=[*] ddC
15 [SH1][*] sSH 33 C(#[*])[*] tsC
16 S=[*] dS 34 C(=[*])([*])[*] dssC
17 [SX2]([*])[*] ssS 35 C([*])([*])([*])[*] ssssC
18 [s] aaS
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Calculating ECalculating E--state Descriptorsstate Descriptors

Name %F (HIA) sOH-sum sOH-av dO-sum dO-av ssO-sum ssO-av aaO-sum
raffinose 0.3 108.94 9.9 -999 -999 26.46 5.29 -999
lactulose 0.6 76.52 9.56 -999 -999 15.31 5.1 -999
aztreonam 1 18.06 9.03 57.84 11.57 4.92 4.92 -999
ceftriaxone 1 9.89 9.89 62.29 12.46 4.74 4.74 -999
cefuroxime 1 9.5 9.5 47.57 11.89 9.3 4.65 5.13
kanamycin 1 70.91 10.13 -999 -999 22.2 5.55 -999
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Counts of KierCounts of Kier--Hall Atom TypesHall Atom Types

Name %F (HIA) sOH dO ssO aaO sNH2 dNH ssNH aaNH
raffinose 0.3 11 0 5 0 0 0 0 0
lactulose 0.6 8 0 3 0 0 0 0 0
aztreonam 1 2 5 1 0 1 0 1 0
ceftriaxone 1 1 5 1 0 1 0 1 1
cefuroxime 1 1 4 2 1 1 0 1 0
kanamycin 1 7 0 4 0 4 0 0 0
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ObjectivesObjectives

Compare quality of the models (R2), based on 
training set alone and using in-built cross-
validation Q2 (LMO) within Simca
Each of the datasets used has been analysed 
in the literature using similar approaches but 
with different descriptors
NOT designed to build best models for those 
datasets
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Performance of EPerformance of E--states vs Counts states vs Counts 
using Simca and PLSusing Simca and PLS

Data Set (size) e-states (ES) counts of ES at-type Performance
R2 R2 (R2(ES)-R2(Counts))*100

Aq Sol (n=3000) 0.655 0.659 -0.4
HIA (n=300) 0.306 0.49 -18.4
BBB (n=145) 0.611 0.59 2.1
logP (n=10,000) 0.42 0.718 -29.8
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ConclusionsConclusions

Simple counts of the same atom types 
that Kier-Hall Estate descriptors are 
built on work at least as good in building 
the models for BBB and solubility, and 
outperform E-states when building 
models for HIA and logP, 18% and 30% 
respectively
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