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A  calcu lation , based  on  various p lausib le assum ptions, show s that under optim al cond itions a 
rate o f  less than 10 g/ha o f  a potent ph otosyn th esis inhibitor w ould  be sufficient for good  herbidi- 
cal action. The possib ility  to  achieve this by com puter assisted  drug design  (C A D D ) is d iscussed.
In order to provide som e background, several m ethods o f  “classical” Q S A R  and the m ost fre­
quently  used param eters are d iscussed. M oreover, som e aspects o f  m olecular graphics are d e­
scribed. This pow erful new  C A D D -m eth o d  gives results that are qualitatively different from  
Q S A R . It is not on ly  in tellectually  dem anding but a lso exp en sive w ith regard to hard- and 
softw are. In con clu sion , one successfu l Q S A R -b ased  prediction  o f a herbicide is review ed.

Introduction

N ear the end o f their book on b iochem ical m odes 
of action o f pesticides, C orbett, W right and Baillie
[1] present a calculation from which they conclude  
that one day there might be herbicides which are 
effective in the field at rates o f the order o f m illi­
gram m es/hectare. This has not yet com e true, but 
certain inhibitors o f am ino acid b iosynthetic path­
ways are fully active — at least in the greenhouse — 
at a few  gram m es/hectare. A m ong these are the 
sulfonylureas and the im idazolinones (such as chlor- 
sulfuron and imazapyr) which inhibit acetolactate  
synthase, and phosphinotricin (an inhibitor o f  
glutamine synthetase).

The calculation on which C orbett and his 
coauthors base their prediction is disputable in one  
or the other point. M oreover, when dealing with  
PS-II-inhibitors it is necessary to take into account 
the relative high am ount o f chlorophyll per hectare 
com pared to som e enzym es that are required for 
amino acid biosyntheses. If one assum es a coverage  
(by crop and w eed plants) o f 100% as realistic, the 
number o f binding sites can be estim ated to approxi­
m ately 0.03 m ol/ha. W ith the average m olecular 
weight o f a good inhibitor (p /50 about 7) o f 200, it 
follow s that 6.0 g/ha should be sufficient.

This calculation is based on the follow ing assum p­
tions:

1. Post em ergence application is assum ed.
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2. A  reasonable estim ate is that 1 cm2 leaf surface 
contain 0.1 mg chlorophyll. For 100% coverage, 
10 kg chlorophyll/ha results from this figure.

3 .1 0  kg chlorophyll is equivalent to 11.12 m ol.
4. A ccording to Tischer and Strotmann [2] 2 .7  x  10~3 

inhibitor-binding sites correspond to 1.0 m ol 
chlorophyll, giving 0.03 m ol binding sites for
11.12 mol chlorophyll.

5 .0 .0 3  m ol correspond to 6.0 g o f an inhibitor with  
the m ol. w. o f 200.

O ne provision must be m entioned: It is necessary  
for the inhibitor to reach the site o f action — the 
thylakoids within the chloroplasts — with practically 
no loss en route.

W hat is Q SA R ?

A m on g various quantitative structure-activity pro­
cedures (Q S A R  =  Quantitative Structure A ctivity  
R elationsh ip), the H ansch-Fujita approach [3, 4] has 
been the m ost w idely and effectively used up to now , 
in m edicinal chemistry as well as in the field o f agro­
chem icals. It rests on the assumption that the p oten ­
cy o f the specified biological activity o f a com pound  
is m athem atically related to a (not necessarily linear) 
com bination o f different physicochem ical properties 
or descriptors. W hen the num ber of com pounds is 
great enough and the biological param eter can be 
determ ined with sufficient precision, a correlation  
equation o f the form

log (1/c) =  a -  n  +  b -  o  +  c -  S ___+  const. (1)

can be derived by standard statistical m ethods (least
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squares). In this equation , log (1 Ic) denotes the 
biological activity which is usually expressed as the 
logarithm. It was the merit o f Hansch and Fujita 
when they proposed this procedure, to introduce 7t as 
the hydrophobic parameter which is derived from the 
octanol/w ater partition coefficient as

jt =  log P s -  log P H (2)

where P s is the partition coefficient of the com pound  
substituted by 5  and P H is the partition coefficient of 
the unsubstituted parent com pound.

D espite many attem pts to replace octanol (which  
is by no m eans totally inm iscible with water!) by 
other solvents (e .g . benzene, chloroform , aliphatic 
hydrocarbons) hitherto no better one in com bination  
with water (or aqueous buffer) has been found, and 
the im portance o f the ;t-values thus defined can 
hardly be underestim ated [5, 6]. Nowadays no chem ­
ist who tries to synthetise com pounds with any kind 
o f biological activity can avoid thinking in terms o f ji 
and to take into account the hydrophilicity/hydro- 
phobicity o f the substituents and o f the w hole  
m olecule. This attitude may go so far that som etim es 
the second term in equation [1], the H am m ett con ­
stant o [7, 8] is neglected. If we agree that o  is just a 
(statistically m ore or less rough) measure of the e lec ­
tronic properties o f a substituent (though “a ” stands 
for more than half a dozen constants derived from  
more specific reactions than acid/base equilibria), it 
becom es evident that a may be replaced by coeffi­
cients from sem i-em pirical quantum -m echanical cal­
culations, e.g. 7i- or o-charge densities on certain  
atom s. C orrelations em ploying M O-param eters, 
how ever, are rather scarce in the literature up to 
now , perhaps as result of several m isinterpretations 
som e tim e ago. A nother piece o f information that 
can be obtained from M O -calculations is the relative 
stability o f tautom eric forms or of various conform a­
tions o f the m olecu le. — In equation [1] “S ” is a steric 
param eter which can be the Taft Es-param eter. This 
has been com m ented  on by Charton [10] and H an­
cock [11].

T oday, V erloop 's ST ER IM O L  parameters, which  
are calculated from Van der Waals radii [12] are 
much m ore frequently used. In som e cases, squared  
hydrophobic and steric parameter values are re­
quired to obtain a (statistically) good fit. W hen linear 
and quadratic terms with alternating signs occur in 
the sam e equation , this may point to optim a. Som e­
tim es, indicator variables or (less kindly called)

“dum m y param eters” accounting e.g. for hydrogen  
bonding in the presence or absence o f a substituent 
(or substructure) are needed. In other cases, the 
theoretical connectivity parameters by Kier and Hall
[13] might prove useful. A ll in all, any measured or 
calculated m olecular property can be included into a 
O S A R , provided one cares to avoid chance correla­
tions and param eter intercorrelations.

A nother m ethod o f correlating biological activity 
and structure was proposed by Free and W ilson [14] 
alm ost sim ultaneously with the Hansch-Fujita ap­
proach in 1964. It d oes not need parameter values 
with any physico-chem ical or theoretical meaning. 
The equations have the form

lo g ( l/c )  =  a - X ] +  b ■ X 2 +  c - X 3 +  . . .  +  const. (3)

In this equation, the coefficients a, b, c, . . .  which 
represent contributions of the substituents to the ac­
tivity, are calculated by least squares multiple regres­
sion techniques as in the Hansch approach. The 
“co n st.” represents the mean potency o f the series or 
that o f a reference com pound. The X, indicate the 
presence or absence o f a substituent in a specific 
position o f the m olecu le.

The apparent strength o f this de-novo  m ethod — 
prejudices are precluded — is outw eighed by two dis­
advantages: 1. It is necessary to have the same sub­
stituent at least tw ice (if possible m ore) in the same 
position; 2. it is im plicitly assum ed that the contribu­
tions m ade by a specific substituent to activity are 
additive, which as a rule is not the case. M oreover, 
the m ethod does not permit extrapolations to sub­
stituents that are not in the data base.

The Free-W ilson m ethod is discussed thoroughly 
by Martin [15], Franke [16], and Seydel [17]. It has 
been com pared with the Hansch approach, and 
som etim es Free-W ilson param eters w ere successfully  
correlated with extratherm odynam ic ones [18, 19]. 
M ost authors agree that the predictive value o f this 
and related m ethods is questionable. — Some other 
techniques like cluster, principal com ponent and dis­
crim inant analysis and also pattern recognition have 
as yet never been applied to herbicides and are just 
nam ed here.

In general it can be stated that Q S A R  studies are 
relatively inexpensive and easy to carry out. This 
does not hold true for another m ethodology — 
m olecular graphics — either in term s of personnel 
tim e or hardware plus software costs. It shall be 
briefly discussed here.



W. D raber • N ew  PS-II Inhibitors by Q S A R  and M olecu lar G raphics? 715

A New Dimension in QSAR: Molecular Graphics

M olecular graphics has brought a new dim ension  
into many aspects o f the relationship betw een chem i­
cal structure and biological activity, in m ore than one  
respect. By this procedure it b ecom es possible to 
tackle the problem of how conform ation and size o f a 
m olecule affect the biological activity and to visualize 
this in three dim ensions. The input for m olecular  
m odelling usually com es either from X-ray crystal­
lography or, if not available, from quantum and 
m olecular mechanics calculations. T hese do not only  
need an expert, they are also C PU -tim e consum ing, 
especially when they have to be applied to larger 
m olecules or peptides. An additional increase in 
com puter time is required if conform ational m obility  
must be accounted for. There are several com m ercial 
program m es on the software market that allow  not 
only a m ulticolored, three-dim ensional display o f 
structures but also o f surfaces, different charge d en ­
sities and other structural features. M oreover, it is 
possible to show in one picture a m ultitude o f favour­
able conform ations o f one or m ore m olecules at the 
sam e tim e. The docking o f effector m olecules to its 
receptor can be dem onstrated, although for such 
purposes generally an X-ray structure o f the receptor  
is required. Because this technique em phasizes steric 
relationships betw een effector m olecu les and recep ­
tors, one cannot expect predictions pointing towards 
specific substitution as in the H ansch approach. Its 
predictive power is of another quality. T o nam e one  
advantage of m olecular graphics: quite often it is 
possible to detect similarities betw een two or even  
m ore chem ical classes o f effectors that look different 
on the paper, provided — of course — they act by the 
sam e m olecular m echanism . From this may result 
another class o f active com pounds by a kind o f  
“crossing” o f the previous ones.

A s a prerequisite for work in this field one needs 
com pounds with known activity in a specific test. The 
activity should cover a range o f several orders o f  
m agnitude: this is favourable in all Q S A R  applica­
tions. But in contrast to extratherm odynam ic or de- 
n o vo  approaches, no equations are obtained. Instead  
one can visualize the steric requirem ents for activity, 
mark areas which enhance it and others which are un­
favourable or even forbidden. It is also possible to  
display charge densities by different colors signifying  
their sign and quantity or m olecular electrostatic p o ­
tentials.

In general, a com bination o f classical Q S A R  and  
the advantages that m olecular graphics offer will also  
contribute greatly to the problem  o f the interaction  
betw een inhibitors and the com ponents o f the p h oto ­
synthetic electron transport. A  recent X-ray study by 
M ichel, D eisen hofer et al. [20—22] o f a photosystem  
has provided a wealth o f inform ation and thereby  
greatly influenced all thinking on the m echanism  of  
photosynthetic inhibition, though the study was per­
form ed on the reaction center of a photosynthetic  
(purple) bacterium , R hodopseudom onas viridis, 
w hich differs in certain aspects, e.g. sensitivity to in­
hibitors, from  that o f green plants. N evertheless, 
other similar studies will undoubtedly follow  and by 
this lead to an im provem ent in know ledge o f the  
plant system .

Are there CADD Success Stories?

The ultim ate goal o f all attem pts at com puter as­
sisted drug design (C A D D ), be it classical Q S A R , 
cluster analysis or the m ethods that com puter  
graphics is providing, is to extrapolate from a given  
set o f  com pounds with activity to novel — unknown
— on es, w hereby the therm “n ovel” can be a m atter 
for dispute. Certainly everyone will agree that n ovel­
ty is not to be equated with patentibility, but also not 
in the sense o f the (first) invention of the w heel. A  
pragm atic definition o f “novelty” could be that it has 
to  be som ething new m easured against the highest 
level o f inform ation available at that tim e. This 
touches on com m unication which is restricted not 
only by certain governm ents but also by com m ercial 
com panies, for obvious reasons. T herefore, w ell- 
docum ented  C A D D -stories are rather scarce, esp e­
cially if they resulted in m arketable com pounds. Fu- 
jita and Iwamura [23] in 1982 published a com pila­
tion o f som e Q SA R -studies in pesticide research  
which w ere carried out in Japan. Though they  
quoted som e herbicides, no PS-II-inhibitor was 
am ong them . This changed in 1986 when Fujita [24] 
extended  his study by adding more exam ples, not 
only from  Japan. A m ong others he m entioned the  
particularly w ell-docum ented  m etamitron which has 
now  becom e one o f the m ost important sugar beet 
herbicides on the European market.

A lthough  this com pound — 3-m ethyl-4-am ino-6- 
phenyl-l,2 ,4 -triazin -5-on e — belongs to a class o f  
com pounds that were known as PS-II-inhibitors, 3- 
alkyl substituted triazinones were virtually unknown  
beforehand. Therefore it appears legitim ate to con ­
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sider these com pounds (3-alkyl triazinones) as a 
novel class, the degree o f “novelty” how ever, as in 
m ost cases, being open to dispute. The prediction  
was based on the p /5 0 -values o f 13 4 -am in o-l,2 ,4 -  
triazin-5-ones substituted in 3-position by m ethyl- 
thio, m ethoxy and m ethylam ino groups. A s result o f  
a Hansch correlation an equation with log P  and (log  
P)~ was obtained. Since larger 3-substituents did not 
fit and electronic factors could obviously be neglect­
ed , it was concluded that the chem ical nature o f the
3-substituent was unim portant, but it had to be small 
[25]. From this follow ed the logical consequence that
3-alkyl triazinones had to be synthesized [26].

M olecular graphics can dem onstrate the overlap­
ping o f the volum es of active triazinones such as 
m etam itron and metribuzin (3-m ethylthio-4-am ino-
6-tert-butyl-l,2,4-triazin-5-one). E lectronically very 
similar com pounds, e.g. triazinones with a bridge b e ­
tw een the 3- and 4-positions, were found to be al­
m ost inactive. Since the binding site o f triazinones 
and other photosynthesis inhibitors is located on the 
D -l-p o lyp ep tid e  (which is the necessary assum p­
tion ), a superposition o f active and inactive 
triazinones (and other groups o f potential PS-II-in- 
hibitors) yields a negative imprint o f the binding 
niche. Thereby much information is collected  on the 
conform ation o f the binding niche itself and also the 
interrelationships betw een different inhibitor classes.

Som e Personal V iew s

The author is convinced that s skilful com bination  
o f C A D D  m ethods will lead to new PS-II-inhibitors 
that need  not fear a com parison with amino acid 
pathway blocking agents w hen it com es to field per­
form ance. U se  o f “classical" Q S A R  is apparently tri­
vial and com paratively inexpensive though caution 
has to be observed in its interpretation. One often  
encountered  problem  and source of worry is the poor 
correlation betw een p /50-values and greenhouse (not 
to m ention field) data. There are som e papers that 
try to overcom e this difficulty, but the results are not 
too  encouraging so far.

It is the author’s conviction that m olecular 
graphics and its diverse applications in C A D D  b e­
long in the hands o f an expert. Only an expert will — 
at the present state o f the art — have the appropriate 
judgem ent to m ake effective use o f all the pos­
sibilities which are offered  by this expensive and in­
tellectually  dem anding instrument.
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