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We propose to quantify molecular similarity through various forms of  molecular trans- 
forms directly related to experimental measurements. Various metric distances between mole- 
cular transforms are introduced in measuring similarity which can be used in quantitative 
structure-activity relationships. For simpler classes of compounds like aliphatic alcohols good 
correlations are obtained between the abstract distance from a lead compound and various phy- 
sical and pharmalogical properties. For substituted phenols the correlation is worse; however, 
the predictive power of the descriptors derived from the molecular transform is yet accepta- 
ble. For trypsin inhibitors, a class of compounds having very different molecular formulae, the 
net atomic charge is introduced as a parameter in the generalized form of the molecular trans- 
form. Though a poor regression equation is obtained for the differences in the inhibitory 
power, inactive compounds within a set can be reliably selected. 

1. I n t r o d u c t i o n  

Molecular similarity is a useful concept receiving more and more attention in 
computer-aided molecular design [1]. One of the numerous quantitative measures 
is based on the molecular transform which is obtainable experimentally, e.g. by 
electron diffraction [2]. Its application to rational drug design has been first pro- 
posed by Soltzberg and Wilkins [3-5]. Somewhat later one of the present authors 
also advocated the use of abstract molecular distances, defined on the basis of mole- 
cular transforms [6,7], as a measure of similarity. Recently, King and co-workers 
addressed the problem and found 2D and 3D molecular transforms to be useful 
tools in quantitative structure-property studies [8,9]. 

It is an important goal to find a definition of molecular similarity which is reli- 
able and simple enough to allow rapid comparisons in large databases. Easy selec- 
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tion of a subset of molecules having a property falling within a certain (pre- 
scribed) range is especially useful in the early phase of computer-aided molecular 
design. This justifies our efforts to develop such a pre-selection method through the 
measure of similarity by using various forms of molecular transforms. 

In the following we provide and compare some similarity definitions based on 
the molecular transform. These allow to calculate abstract distances defining simi- 
larity from a closed form expression; therefore one of the goals, fast comparison, 
is achieved. The reliability of our method is examined on the prediction of some 
physical and pharmacological properties of aliphatic alcohols and substituted phe- 
nols as well as the estimation of inhibitory potencies of low molecular weight 
ligands of trypsin. 

2. Theory  

The molecular transform is derived from the relative intensity of the scattered 
radiation which is observed in an electron diffraction experiment and is written as a 
Fourier transform [10], 

N oo 

I(s) K E f i f j  fo eij(r) Sinsr . = dr, (1) 
i <j s r 

where K is a constant,J} andj~ are the form factors, P/j (r) is the probability distribu- 
tion describing the vibrational variation in the distance between atoms i and j. 
s = 4~A sin(0/2), where A is the wavelength of the electron beam and 0 is the scatter- 
ing angle. Putting K = 1, Pij(r) = 6(r - rij), we get a simplified expression [4], 

N 

I(s) = E f ' f j F ( x  ) (2) 
i<j 

with x = srij and 

F(x) =sin(x)/x.  (3) 

rij may be defined both as the geometric distance and the shortest path in the mole- 
cular graph between atoms i and j. The former definition yields a three-dimen- 
sional (3D), the latter a topological (2D) representation of the molecule. Another 
possible choice o fF  is an exponential form, 

F(x) = exp(-x2/2),  (4) 

In the original definition of the molecular transform./} is set equal to Zi, the atomic 
number; however, other atomic parameters like the net charge or the hydrophobi- 
city increment [11] can also be used yielding generalizations of the original con- 
cept. 

The abstract distance between two molecular transforms measuring molecular 
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similarity, Rab, may have several definitions. Carb6 et al. introduced an index 
which defines the similarity between two molecules in terms of the overlap of their 
charge densities [12]. An adaption of their definition to molecular transforms is as 
follows: 

Ro - NaaNbb (5)  

with 

N~2b = Ia(S)Ib(s) ds, (6) 

lower indices referring to molecules a and b. Another definition has been proposed 
by Hodgkin and Richards [13], 

RaHb _ 2 N h  
N~ a + N~ b . (7) 

In our previous paper we defined the molecular distance by [6] 

/5 ( r G )  2 = [/a(S) -- Ib(s)] 2 ds, (8)  

which may be written in a modified form, 

(RAG) 2 = [Ia(g)/Naa - Ib(S)/Nbb] 2 ds. (9)  

It is easy to see that (Ra~) 2 2(1 c = -Rab ). If two molecules are identical, the 
abstract distances defined in eqs. (5), (7) and (8), (9) become equal to 1 and 0, 
respectively. 

Defining F as in eqs. (3) and (4), N2ab can be expressed in a closed form, 

a b 
N~b = ~ Zfa f ja fb f t  b gab (D~j, Dbl), ( 10 ) 

i<j k<l 

where 

gab(D~,Db,) = ½~[max(D~j, Dbt)] -1 (11) 

for eq. (3) and 

gab(D~j.,Dbkl) = ½X/-~[(D~) 2 + (Dbl)2] -1/2 (12)  

for eq. (4). Eq. (8) combined with eqs. (3) and (4) involves numerical integration, 
so the use o f r~  is time consuming. 

In order to compare various definitions we calculated RCab and R H for a series 
of aliphatic alcohols (cf. table 1) and derived the following regression equations: 

c = 1.2932RaCb,4-- 0.3157, r = 0.9914; Rab,3 
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Table 1 
Abstract distances of some afiphatic alcohols from methanol as obtained from various definitions. 

Molecule Eqs. (3),(5) Eqs. (3),(7) Eqs. (4),(5) Eqs. (4),(7) 

ethanol 0.9850 0.3712 0.9935 0.3683 
1-propanol 0.9623 0.2434 0.9809 0.2403 
2-propanol 0.9625 0.2360 0.9837 0.2346 
1 -butanol 0.9397 0.1677 0.9667 0.1655 
2-butanol 0.9407 0.1622 0.9703 0.1611 
2-methyl- 1-propanol 0.9398 0.1626 0.9696 0.1615 
2-methyl-2-propanol 0.9418 0.1561 0.9745 0.1565 
1-pentanol 0.9170 0.1226 0.9512 0.1212 
2-pentanol 0.9217 0.1176 0.9576 0.1170 
3-pentanol 0.9195 0.1173 0.9567 0.1169 
2-methyl- 1-butanol 0.9185 0.1177 0.9559 0.1172 
2-methyl-2-butanol 0.9224 0.1136 0.9615 0.1138 
3 -methyl- 1 -butanol 0.9195 0.1190 0.9552 0.1182 
3-methyl-2-butanol 0.9202 0.1150 0.9591 0.1150 
2,2-dimethyl- 1-propanol 0.9203 0.1150 0.9591 0.1150 
1-hexanol 0.8996 0.0932 0.9348 0.0923 
2-hexanol 0.9017 0.0909 0.9422 0.0903 
3-hexanol 0.9006 0.0896 0.9429 0.0893 
2-methyl-2-pentanol 0.8784 0.0918 0.9274 0.0921 
2-methyl-3-pentanol 0.9011 0.0872 0.9460 0.0874 
2-ethyl- 1-butanol 0.8982 0.0886 0.9426 0.0887 
4-methyl-2-pentanol 0.9020 0.0886 0.9448 0.0885 
3-methylol-pentane 0.8982 0.0886 0.9426 0.0887 
1-heptanol 0.8824 0.0735 0.9255 0.0743 
2-heptanol 0.8844 0.0720 0.9287 0.0716 
3-heptanol 0.8835 0.0710 0.9296 0.0708 
4-heptanol 0.8892 0.0706 0.9297 0.0706 
2,4-dimethyl-3-pentanol 0.8845 0.0674 0.9357 0.0680 
1-octanol 0.8658 0.0596 0.9124 0.0593 
1-methyl-heptanol 0.8698 0.0597 0.9149 0.0592 
2-ethyl-hexanol 0.8677 0.0578 0.9168 0.0578 
2-methylol-heptane 0.8613 0.0577 0.9180 0.0578 
1-nonanol 0.8509 0.0494 0.9004 0.0492 
1-decanol 0.8372 0.0417 0.8891 0.0416 
1-undecanol 0.8244 0.0357 0.8783 0.0357 
1-dodecanol 0.8124 0.0309 0.8681 0.0310 
1-tridecanol 0.8012 0.0271 0.8584 0.0272 

C H Rab,3 = O.165910gRab,3 + 1.0716, r = 0.9912; 

C H Rab,3 = O.167610gRab,4 + 1.0731, r = 0.9917, (13) 

where the lower indices 3 and 4 refer to eqs. (3) and (4), respectively. Owing to the 
excellent correlation in eq. (13) we apply only one definition of the abstract dis- 
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tance, that of RaCb,3, in all subsequent studies. The definitions in eqs. (8) and (9) are 
compared for a series of substituted phenols (cf. table 2). The following regression 
equation holds: 

o = 0.9930R~,3 +0.0002, r = 0.9794. (14) tab,3 

According to eqs. (13 and 14) various definitions of distances strongly correlate, 
therefore all of them have about the same prediction power. 

3. Results  and discussion 

In order to study the feasibility of the molecular transform for the prediction of 
various properties we considered two possibilities. One is to use the abstract dis- 
tance of a molecule called i from a lead, R0i, as a descriptor and look for linear 
regression equations correlating the absolute value of the difference of a certain 
property for this molecule and the lead, APi = [P0 - Pi[, with R0i, 

Table 2 
Abstract distances of some substituted phenols from the 2-s-Bu derivative, as obtained from eqs. 
(8) and (9). 

Derivative Eq. (8) Eq. (9) 

2-t-Bu, 4-Me 0.022 0.022 
4-t-Bu 0.023 0.025 
4-s-Bu 0.022 0.026 
2-Me, 4-t-Bu 0.024 0.026 
2-t-Bu 0.028 0.027 
4-Pr 0.041 0.045 
4-1 0.068 0.048 
2,4-di-C1 0.055 0.051 
4-Ph 0.043 0.054 
4-nitro 0.066 0.055 
2-nitro 0.073 0.059 
4-Br 0.072 0.063 
2-Br, 4-Me 0.072 0.068 
4-C1 0.099 0.081 
4-Et 0.086 0.084 
2-Et 0.090 0.086 
3,5-di-Me 0.109 0.092 
2,4-di-Me 0.111 0.097 
2-Br 0.097 0.103 
2-C1 0.113 0.124 
4-F 0.137 0.137 
3-OH 0.126 0.140 
2-F 0.137 0.146 
2-Me 0.152 0.146 
H 0.199 0.198 
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APi = aRC,3 + b. (15) 

Another, less strict, approach is to study how reliably it can be predicted that AP; 
exceeds a limit if R0i is beyond another one. In this approach we call successful 
those predictions for which 

APi>0.5(Aemax -I- Aemin) if Roi<0.5(Romax "-}- Romin) (16) 

or 

APi<0.5(APmax + AP~n) if R0i>0.5(R0max q- R0min) (17) 

(cf. fig. 1). This means that if R0i is closer to unity than its mean between the 
extremes obtained for a certain group of molecules APi exceeds its mean for the 
same group. In the following we use ROi as defined in eqs. (2), (3) and (5) and call 
false predictions those points on the APi versus R0i plot which do not obey the 
inequalities in eqs. (16) and (17). For a random distribution the number of false pre- 
dictions is just equal to that of the true ones i.e. 50% of the total number of points. 

3.1. ALIPHATIC ALCOHOLS 

Some physical properties of aliphatic alcohols as well as their activities obtained 
in some pharmacological tests are displayed in tables 3 and 4. We defined R0i and 
property differences considering methanol as the lead compound and displayed 
regression parameters of eq. (15) and the number of false predictions as defined in 
eqs. (16) and (17) and in fig. 1, in table 5. 

0.12 

Dnd 
± 

0.03 

O 

X 

X 

0.8 R0 1. 
i 

Fig. 1. An~u versus Roi plot for aliphatic alcohols (cf. table 2). Regions corresponding to eqs. (16) 
and (17) are the upper left and lower right ones, respectively. False predictions are encircled. 
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Table 3 
Some physical constants of selected aliphatic alcohols. (b.p.: boiling point; m.p.: melting 
refraction index [14].) 

349 

point; nd: 

Compound b.p. m.p. Density nd 

methanol 65.0 -93.9 0.7914 1.3288 
ethanol 78.5 -117.3 0.7893 1.3611 
1-propanol 97.4 -126.5 0.8035 1.3850 
2-propanol 82.4 -89.5 0.7855 1.3776 
1-butanol 117.2 -89.5 0.8098 1.3993 
2-butanol 99.5 - 0.8080 1.3954 
2-methyl- 1-propanol 108.0 - 0.8018 1.3955 
2-methyl-2-propanol 82.3 25.5 0.7887 1.3878 
1-pentanol 137.3 -79.0 0.8144 1.4101 
2-pentanol 118.9 - 0.8103 1.4053 
3-pentanol 116.1 - 0.8212 1.4104 
2-methyl-l-butanol 128.0 - 0.8191 1.4102 
3-methyl-2-butanol 112.0 - 0.8225 1.4089 
2,2-dimethyl- 1-propanol 113.0 52.5 0.812 - 
1-hexanol 158.0 -46.7 0.8136 1.4178 
2-hexanol 138.0 - 0.8104 1.4126 
3-hexanol 132.0 - 0.8213 1.4150 
2-methyl-2-pentanol 121.0 - 103.0 0.8350 1.4100 
2-methyl-3-pentanol 126.7 - 0.8243 1.4175 
2-ethyl-l-butanol 146.3 - 15.0 0.8326 1.4220 
4-methyl-2-pentanol 133.0 - 0.8075 1.4100 
1-heptanol 176.0 -34.1 0.8219 1.4249 
2-heptanol 161.0 - 0.8190 1.4209 
3-heptanol 157.0 -70.0 0.8227 1.4201 
4-heptanol 161.0 -42.1 0.8183 1.4205 
2,4-dimethyl-3-pentanol 138.7 -70.0 0.8288 1.4250 
1-octanol 194.4 - 16.7 0.8270 1.4295 
1-nonanol 213.5 -5.5 0.8273 1.4333 
1-decanol 229.0 - 0.8297 1.4372 
1-undecanol 243.0 19.0 0.8298 1.4392 
1-dodecanol 257.0 26.0 0.8309 - 
1-tridecanol 152.0 32.5 0.8223 - 

G o o d  co r re l a t ions  are  o b t a i n e d  for  boi l ing  points ,  r e f r ac t i o n  indices,  a n d  p h a r -  

m a c o l o g i c a l  activit ies.  F o r  mel t ing  po in t s  a n d  densi t ies  where  the  c o r r e l a t i o n  coef-  

f ic ient  is smal le r  t h a n  0.9 r ank ing  is still p red ic tab le  to  a ce r t a in  ex tent .  T h e  

p e r c e n t a g e  o f  false p red ic t ions  is a lways  smal le r  t h a n  t h a t  c o r r e s p o n d i n g  to  a ran-  

d o m  d is t r ibu t ion .  F o r  re f rac t ive  indices a surpr i s ingly  large  n u m b e r  o f  false p red ic -  

t ions  is obse rve d  which  is due  to  the n o n l i n e a r i t y  o f  the Andi versus  R0i cu rve  (cf. 

fig. 1). A cubic  r e l a t ionsh ip  yields h igher  r and  reduces  the  n u m b e r  o f  false predic-  

t ions  f r o m  11 to  1 (cf. table  5). T h e  g o o d  c o r r e l a t i o n  fo r  p h a r m a c o l o g i c a l  act ivi t ies  

o f  a l ipha t i c  a lcohols  is no t  surpr is ing  because ,  due  to  the s imple  s t ruc tu re  o f  these  
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Table  4 

Pha rmaco log i ca l  activities o f  selected al iphat ic  alcohols .  ( IGC:  50% g r o w t h  inhibi t ion  o f  Tetrahy- 
mena Pyriformis [15]; LC: 50% o f  lethal  dose  fo r  Pymephalespyriformis [16]; PC: toxic i ty  fo r  Madison 
517 fungi  [15]; LIP:  l ipoxygenase  inh ib i t ion  [ 17]; SHL:  sheep liver es terase  inh ib i t ion  [ 18].) 

C o m p o u n d  I G C  LC PC L I P  S H L  

m e t h a n o l  - 0 . 2 3  - 0 . 0 6  - 0 . 2 4  - 0 . 1 8  3.36 

e thano l  - 0 . 5 8  -0 .51  - 0 . 0 4  0,18 3.85 

1-propanol - 1.16 - 1.12 0.44 0.68 4.28 

2 - p r o p a n o l  - - 0.24 0.37 - 

1 -butanol  - 1.48 - 1,63 0.87 1.15 4.43 

2 -bu tano l  - - 0.60 0.86 - 

2 - m e t h y l - l - p r o p a n o l  - - 0.77 1.13 - 

2 -me thy l -2 -p ropano l  - - 0.46 0.49 - 

1-pentanol  - 1.88 - 2 . 2 7  1.38 1.61 5.05 

2 -pen tano l  - - 1.08 - 4,40 

3 -pen tano l  - - 1.01 - 4.26 

2 - m e t h y l - l - b u t a n o l  - - 1.19 1.34 4,70 

2 -me thy l -2 -bu tano l  - - 1.44 - - 

3-methyl-  1 -butanol  . . . .  4.77 

2,2-dimethyl-  1 -p ropano l  . . . .  4.08 

1-hexanol  - 2 . 5 3  - 2 . 5 3  1.83 2.10 5.31 

2 - e thy l - l - bu t ano l  - - 1.73 - - 

1 -hep t ano l  - 3 . 0 2  - 3 . 5 3  2.32 2.60 5.75 

1-octanol - 3 . 5 0  - 3 . 9 8  2.86 - 6.05 

1-methyl-heptanol - - 2.49 - - 

2 -e thyl -hexanol  - - 2.55 - - 

1 - n o n a n o l  - 3 . 7 7  - 4 . 4 0  3.18 - 6.30 

l -decano l  - 4 . 2 5  - 4 . 8 2  3.57 - - 

1-undecanol  - 4 . 8 8  - 5 . 2 2  - - - 

1-dodecanol  - 5 . 0 8  - 5 . 2 7  - - - 

1 - t r idecanol  - 5.28 - 5.59 - - - 

Tab le  5 

Coeff ic ients  o f  eq. (15) and  false predic t ions  (f.p.) for  al iphatic alcohols.  D a t a  and  n o t a t i o n s  f r o m  

tables 1, 3 and  4, 

P r o p e r t y  a b r n f.p. Percent  

b.p.  - 1092 1063 - 0 . 9 4 7 3  29 6 21 

m.p .  -625 .1  610.7 - 0 . 8 4 4 6  16 5 31 

densi ty  - 0 . 2373  0.2397 - 0 . 8 2 3 0  29 6 21 

nd --0.4251 0.4664 --0.9458 29 11 38 

n 3 --0.00839 0.00821 --0.9711 29 1 3 

I G C  - 2 6 . 5 2  26.27 - 0 . 9 9 4 7  12 0 0 

L C  - 2 8 . 9 4  28.86 - 0 . 9 9 5 6  12 1 8 

P C  - 2 5 . 4 8  24.98 - 0 . 9 8 6 2  19 1 5 

L I P  - 2 4 . 0 6  23.82 - 0 . 9 5 5 5  11 1 9 

S H L  - 1 9 . 6 4  19.49 - 0 . 9 0 1 0  13 1 8 
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Table 6 
Some physical properties and pharmacological activities of substituted phenols. (b.p.: boiling 
point; m.p.: melting point; rid: refraction index [14]; AC: acute toxicity; HA: haemolytic activity; 
AA: antibacterial activity [20].) 

Derivative b.p. m.p. nd AC HA AA 

2-s-Bu 227.5 16.0 1.5200 3.37 3.30 3.40 
2-t-Bu, 4-Me 237.0 55.0 1.4969 3.06 3.70 3.52 
4-t-Bu 239.5 101.0 1.4787 3.28 3.10 3.19 
4-s-Bu 241.0 61.5 1.5182 3.35 3.40 3.52 
2-Me, 4-t-Bu 236.0 27.5 1.5230 3.31 3.52 3.40 
2-t-Bu 221,0 - 1.5160 3.26 3.40 3.40 
4-Pr 232.6 22.0 1.5379 3.23 2.82 3.05 
4-1 - 93.5 - 3.15 3.00 3.15 
2,4-di-C1 210.0 45.0 - 3.03 3.00 3.30 
4-Ph - 166.0 - 3.10 3.30 3.05 
4-nitro - 115.0 - 2.60 1.92 2.32 
2-nitro 216.0 45.5 1.5723 2.57 1.62 2.40 
4-Br 238.0 66.4 - 2.79 2.82 2.82 
2-Br, 4-Me - - - 2.98 2.70 2.68 
4-C1 219.7 43.5 1.5579 2.59 2.52 2.70 
4-Et 219.0 47.5 1.5239 2.95 2.52 2.92 
2-Et 207.0 - 18.0 1.5367 2.85 2.52 2.82 
3,5-di-Me 219.5 68.0 - 2.89 2.70 2.51 
2,4-di-Me 210.0 27.5 1.5420 2.82 2.70 2.52 
2-Br 194.5 5.6 1.5890 2.69 2.52 2.52 
2-C1 174.9 9.0 1.5524 2.74 2.22 2.70 
4-F 185.5 48.0 - 2.56 2.22 2.10 
3-OH 178.0 111.0 - 2.10 0.59 1.52 
2-F 151.5 16.1 - 2.32 1.89 2.10 
2-Me - - - 2.64 2.00 2.10 
H 181.7 43.0 1.5408 2.41 1.24 1.74 

m o l e c u l e s ,  al l  Q S A R  m e t h o d s  p r o v i d e  c o r r e c t  p r e d i c t i o n s .  E.g.  g o o d  c o r r e l a t i o n s  

h a v e  b e e n  f o u n d  b e t w e e n  t he  i n f o r m a t i o n  c o n t e n t  o f  a l i p h a t i c  a l c o h o l s  a n d  t h e i r  

p h a r m a c o l o g i c a l  ac t iv i t i e s .  F o r  the  t o x i c i t y  o f  M a d i s o n  5 1 7  f u n g i  ( P C) ,  i n h i b i t i o n  

o f l i p o x y g e n a s e  ( L I P )  a n d  sheep  l ive r  e s t e r a s e  ( S H L ) ,  s i m p l e  l i n e a r  r e g r e s s i o n  e q u a -  

Table 7 
Coefficients of eq. (15) and false predictions (f.p.) as defined by eqs. (16) and (17) for substituted 
phenols. Data and notations from table 6. 

Property a b r n f.p. Percent 

b.p. 337.1 -3.72 0.8120 20 0 0 
m.p. - 199.1 59.15 -0.2485 22 7 32 
nd 0.0949 0.0179 0.2365 14 6 43 
AC -5.75 3.31 -0.8136 25 5 20 
HA - 15.37 21.90 -0.7934 25 6 24 
AA -16.77 23.54 -0.8391 25 3 12 
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Fig. 2. For  caption see next page. 
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Fig. 2. Structural formulae of benzamidine inhibitors. X = 1: 3-Me; 2: 3-OH; 3: 3-OMe; 4: 3-OEt; 
5: 3-NO2; 6: 3-COOMe; 7: 3-COOEt; 8: 3-COMe; 9: 3-CONHMe, 10: 4-NH2; 11: 4-Me; 12: 4-OH; 

13: 4-OMe; 14: 4-OEt; 15: 4-NO2; 16: 4-COOMe; 17: 4-COOEt; 18: 4-COMe; 19: 4-CONHMe. 



354 L Csorv{lssy et al. / Molecular similarity 

tions containing the information content yield r = 0.992 [19], 0.986 [17] and 0.970 
[17], respectively. 

3.2. SUBSTITUTED PHENOLS 

Since aliphatic molecules are always good targets for QSAR studies the predic- 
tive power of molecular transforms has to be tested on more complicated mole- 
cules, as well. We selected a family of substituted phenols for that purpose, of which 
some physical and pharmacological activities are listed in table 6. Correlation coef- 
ficients are much smaller than for alcohols but the number of wrong predictions is 
still acceptable though close to the random value for the molar refractive index. It 
has to be noticed that, in spite of the very low correlation coefficient for the melting 
point, a better-than-random classification of the active and inactive derivatives is 
possible (table 7). 

3.3. TRYPSIN INHIBITORS 

In the previous examples we putf .  = Zi in eq. (2), but it is important to notice 
that mathematicallyJ~ may be replaced by various atomic properties other than Zi. 
In this subsection we present a study for low molecular weight trypsin inhibitors 
(cf. formulas 1-40 in fig. 2) for which we replacedf, by the atomic charge, qi and 
compared the prediction power of both 2D and 3D molecular transforms. Abstract 
distances, as defined by eqs. (2), (3) and (5) are displayed in table 8 while para- 
meters of various regression equations are given in table 9. 

As it is seen, 2D and 3D molecular transforms withf. = Zi are in a close correla- 
tion which becomes much worse withf.  = qi. This means that while for the former 
case the use of 3D molecular transforms is not feasible because of the considerably 
greater computational effort for providing them, if we replace Zi by qi the 3D func- 
tion may give different (better) results in a statistical study. This is apparently not 
the case (cf. table 9): the correlation coefficient is slightly worse for the 3D than for 
the 2D molecular transform. The use of atomic net charges is, however, justified; 
the correlation coefficients considerably increase in both cases even if reaching 
only very low values. However, the prediction power increases, lowering the num- 
ber of outliers defined in eqs. (16), (17) from 11 to 9 and 8 if replacing 2DZ by 2DQ 
and 3DQ (cf. table 8, n = 1-40). It is interesting to notice that the number of false 
predictions not obeying eq. (16) is only 2, 2, 1 and 1 for the 2DZ, 3DZ, 2DQ and 
3DQ cases, respectively. This means that prediction of a compound being inactive 
is quite reliable which makes our method feasible for the screening of potentially 
inactive derivatives as mentioned in the introduction. 

We checked the reliability of our predictions for completely ineffective com- 
pounds with structures only slightly differing from effective inhibitors (molecules 
41-47 in fig. 2 and in table 8). As it is seen, the number of false predictions (cf. eq. 
(17)) is 5, 5, 1 and 4 for the 2DR, 3DR, 2DQ and 3DQ molecular transforms, 



L Csorv6ssy et al. / Molecular similarity 355 

Table 8 
Abstract  distances, as defined by various forms of eqs. (2), (3) and (5) for trypsin inhibitors. (2DZ: 2D 
distance, J~ = Zt; 3DZ: 3D distance, fi  = Zl; 2DQ: 2D distance, fi  = qt; 3DQ: 3D distance, J~ = q~, 
Apg~ = pg~(X=H)-pg~(n)l, cf. fig. 2.) 

Molecule (n) ApKf 2DZ 3DZ 2DQ 3DQ 

1 0.286 0.9990 0.9988 0.9180 0.9913 
2 0.300 0.9990 0.9989 0.9833 0.9856 
3 0.179 0.9965 0.9964 0.9765 0.9869 
4 0.212 0.9923 0.9929 0.9794 0.9784 
5 0.894 0.9937 0.9938 0~9775 0.9442 
6 0.725 0.9890 0.9955 0.9843 0.9738 
7 0.594 0.9836 0.9859 0.9800 0.9638 
8 0.161 0.9933 0.9933 0.9867 0.9786 
9 0.957 0.9888 0.9890 0.7760 0.7958 
10 0.209 0.9990 0.9988 0.9742 0.9707 
11 0.258 0.9990 0.9988 0.9890 0.9922 
12 0.480 0.9990 0.9978 0.9439 0.9550 
13 0.286 0.9965 0.9964 0.9890 0.9834 
14 0.781 0.9923 0.9928 0.9838 0.9751 
15 1.299 0.9938 0.9936 0.9682 0.9442 
16 1.258 0.9892 0.9901 0.9784 0.9769 
17 1.082 0.9838 0.9857 0.9794 0.9616 
18 1.286 0.9934 0.9932 0.9862 0.9810 
19 0.927 0.9890 0.9892 0.9659 0.9608 
20 1.411 0.9999 0.9976 0.9924 0.9773 
21 2.961 0.9981 0.9985 0.9764 0.9796 
22 3.191 0.9717 0.9740 0.3191 0.9323 
23 0.241 0.9973 0.9961 0.9859 0.9765 
24 0.011 0.9597 0.9580 0.9627 0.9415 
25 0.029 0.9469 0.9452 0.9488 0.9330 
26 0.641 0.9984 0.9988 0.9796 0.9672 
27 2.421 0.9976 0.9963 0.9790 0.9627 
28 2.651 0.9941 0.9968 0.9818 0.9685 
29 1.621 0.9881 0.9892 0.9754 0.9465 
30 2.631 0.9967 0.9966 0.9859 0.9692 
31 1.501 0.9993 0.9984 0.9902 0.9657 
32 1.891 0.9979 0.9958 0.9884 0.9665 
33 1.381 0.9988 0.9987 0.6646 0.6480 
34 3.571 0.9478 0.9513 0.5266 0.3525 
35 2.011 0.9917 0.9926 0.6695 0.5315 
36 2.861 0.9976 0.9958 0.7112 0.5694 
37 2.301 0.9982 0.9978 0.8482 0.8265 
38 1.241 0.9966 0.9960 0.9041 0.8848 
39 2.161 0.9968 0.9947 0.5070 0.6572 
40 1.561 0.9934 0.9910 0.5905 0.8558 
41 - 0.9694 0.9609 0.6348 0.8627 
42 - 0.9697 0.9613 0.1263 0.8550 
43 - 1.0000 0.9990 -0.0621 0.8016 
44 - 0.9985 0.9962 -0 .0987 0.8377 
45 - 0.9835 0.9906 -0 .0409 0.3716 
46 - 0.9888 0.9919 0.4777 0.5157 
47 - 0.9929 0.9893 0.6950 0.6538 
0.5 (Rom~ + Romm) 0.9731 0.9721 0.6558 0.6719 
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Table 9 
Coet~cients of  eq. (15) and false predictions (f.p) as defined by eqs. (16) and (17) for trypsin 
inhibitors. Data and notations from table 8. 

Variable pair a b r n f.p. Percent 

2DZ-3DZ 0.9672 0.0324 0.9945 40 - - 
2DQ-3DQ 0.6341 0.3341 0.7208 40 - - 
pK~2DZ -5.842 7.051 -0.0759 40 11 28 
p K y 3 D Z  -4.209 5.432 -0.0532 40 11 28 
pK~-2DQ -3.309 4.229 -0.5595 40 9 23 
pK~3DQ -3.513 4.433 -0.5226 40 8 20 
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Fig. 3. ApKi versus 2DZ plot for trypsin inl~bitors (cf. table 8, n = 1-47). Regions corresponding to 
eqs. (16) and (17) are the upper left and lower right ones, respectively. 
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Fig. 4. ApKt versus 2DQ plot for trypsin inhibitors (of. table 8, n = 1-47). Regions corresponding to 
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respectively. Consequently,  the generalization ofeq.  (2) withJ~ = qiis useful and pro- 
vides a tool  for the distinction between active and inactive inhibitors o f  trypsin. 

4. Conc lus ions  

We propose  the abstract  distance between molecular  t ransforms of  eq. (2) as a 
measure  of  molecular  similarity. It can be used in quanti tat ive regression equat ions 
for simpler classes of  compounds  like aliphatic alcohols while for more  compli-  
cated cases a yes /no  prediction is possible deciding whether a molecule is active or  
not. Molecular  t ransforms can be generalized by replacing atomic numbers  with 
net charges, thus making possible a classification between chemically closely 
related molecules possessing drastically different activities. 
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