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These studies reveal a potential problem of some magnitude 
in structure-activity correlations where many possible vari­
ables must be considered. This is particularly so in MO 
type correlations where many parameters can be calculated 
for a compound and frequently there is no valid reason to 
choose one over another. In these cases in order to ade­
quately reduce the risk of chance correlations a large num­
ber of observations must be employed and these are not 
always available. Situations could easily arise in which the 
number of possible variables could not be adequately sup­
ported by the number of observations. Correlations ob­
tained under these conditions would have greatly reduced 
significance. Some recently reported7"9 correlations using 
MO parameters need to be reexamined in this context. 

In Hansch type correlations the situation is less difficult 
since only a limited number of variables need be considered, 
representing possible hydrophobic, electronic, and steric 
effects. However, misleading correlations can still arise with 
an insufficient number of observations. 

In Free and Wilson type correlations the phenomenon 
under discussion does not arise since each substituent is 
treated as a significant variable and therefore variables are 
not tested for possible inclusion using a multiple regression 
procedure. 

The data presented allow an assessment to be made of the 
probable degree of chance correlation, when observations 
are examined for correlation with varying numbers of inde­
pendent variables, as a function of the number of observa­
tions and the number of variables. Thus, for a given number 
of variables to be tested, the required number of observa­
tions to avoid undue risk of chance correlations can be esti­
mated. For example, if r2 - 0.40 is regarded as the maximum 
acceptable level of chance correlation then the minimum 
number of observations required to test five variables is 
about 30, for 10 variables 50 observations, for 20 variables 
65 observations, and for 30 variables 85 observations. 
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Fujita and Ban1 have reported a mathematical correla­
tion of structure-activity relationships among PNMT sub­
strates, using literature data.2'3 The data they selected were 
measurements of substrate activity at a single substrate con­
centration; the concentration was very high, one at which 

inhibition by excess substrate occurs to different degrees 
among the various substrates.4'5 Thus, the group contribu­
tions calculated by Fujita and Ban1 probably relate mainly 
to inhibitory influences rather than to interactions favoring 
substrate activity. For instance, they showed a negative 
contribution of the 4-hydroxyl group. Such a negative con­
tribution contrasts with the effect of the 4-hydroxyl group 
in the a-methylphenethylamine series that we recently re­
ported as PNMT inhibitors.6 There the 4-hydroxyl conferred 
an even greater affinity for PNMT than we were able to 
account for by a and n values. We report here that correla­
tion of structure with affinity of phenylethanolamines as 
PNMT substrates rather than with activity at a single ex­
cessively high concentration leads to conclusions different 
from those of Fujita and Ban. 

We have calculated —log Km values for phenylethanol­
amines as substrates for PNMT from rabbit adrenal.5 The 
Km values were calculated by the method of Wilkinson7 

from measurements of reaction velocity at 4-7 different 
substrate concentrations. All enzyme assays were done by 
a previously described method8 in which the transfer of the 
labeled methyl group was measured after precipitation of 
S-[wer/!y/-14C]adenosylmefhionine with Reinecke salt. The 
statistical evaluations were made by single and multiple 
linear regression analysis using Lilly Program S21, a modi­
fied and updated version of an original program submitted 
to the IBM 1620 user's group. 

From the observed results with the six phenylethanol­
amines listed in Table I, with meta or para substituents on 
the ring, we derived an equation (eq 1) that fit the data at a 
level of significance P = 0.01. The square of the correlation 
coefficient was 0.909. The correlation was not improved 

-\ogKm = 1.2407T+ 4.339 
(±0.243) (±0.196)(±0.152) (1) 

by adding a n2 term. Standard errors of the terms are in­
cluded in parentheses. As shown in the table, —log Km 

values calculated from this equation agreed well with those 
derived from experimental observations. Hammett a values 
for the substituents were not useful in the correlation. That 
these should not greatly influence the methylation reaction 
could be surmised from the fact that the p/Ta's are not 
greatly influenced by aromatic substitution. 

Two ortho-substituted phenylethanolamines, not included 
in the derivation of the equation, were estimated reasonably 
well by it. The calculated and observed -log Km values were 
5.06 and 4.80, respectively, for o-chlorophenylethanol-
amine and 4.39 and 4.10, respectively, for o-fluorophenyl-
ethanolamine. 

Three hydroxy derivatives were, on the other hand, not 

Table I. Observed and Calculated Activity of PNMT Substrates 

Substrate 

Phenylethanolamine 
3-Fluorophenylethanol-

amine 
4-Fluorophenylethanol-

amine 
3-Bromophenylethanol-

amine 
4-Bromophenylethanol-

amine 
3,4-Dichlorophenyleth-

anolamine 

7T6 

0.0 
0.19 

0.14 

0.91 

0.90 

1.38 

-log Km 

Obsd 

4.10 
4.60 

4.80 

5.20 

5.60 

6.10 

, value" 

Calcd 

4.34 
4.57 

4.51 

5.47 

5.46 

6.05 

Difference 

+0.24 
-0 .03 

-0 .29 

+0.27 

-0.14 

-0.05 

aUnits of Km values were in molar substrate concentration. bir 
values from Fujita, et al.'° 



Notes 

Substrate cone. 

Figure 1. Substrate inhibition of PNMT by 3,4-dichlorophenyl-
ethanolamine. The reciprocal of velocity in pmoles/min is plotted 
vs. micromolar concentration of 3,4-dichlorophenylethanolamine. 
All concentrations were chosen to be in the range of inhibition by 
excess substrate. 

Table II. Self-inhibition by PNMT Substrates at High Concentrations 
Concentration 
range studied, -Log K^ 

Substrate ifi nW value" 

"A'm value was determined graphically as shown in Figure 1. Units 
of A'm values were in molar substrate concentration. bCf. Table I. 

consistent in their behavior. Whereas 3-methoxy-4-hydroxy-
phenylethanolamine (normetanephrine) had an observed 
-log Km value (3.50) in good agreement with the calcu­
lated value (3.63), both 4-hydroxyphenylethanolamine 
(octopamine) and 3,4-dihydroxyphenylethanolamine (nor­
epinephrine) were better substrates than the equation pre­
dicted. The — log Am values observed for octopamine and 
norepinephrine were 5.00 and 4.90, respectively, whereas 
the calculated values were only 3.58 and 2.95, respectively. 
These compounds resembled the amphetamines6 in that 
the 4-hydroxyl contributed to binding with PNMT in a 
manner over and above its effect on lipophilicity. 

The negative contribution calculated by Fujita and Ban 
for the 4-hydroxyl group arose largely because norepineph­
rine had low activity according to the data they used, e.g., 
much lower than phenylethanolamine itself. Paradoxically, 
the reason for the low relative activity of norepinephrine 
in those conditions is because its affinity for the enzyme is 
so great; the high substrate concentration was further above 
the optimum concentration and hence inhibition by excess 
substrate was greater with norepinephrine than with any 
of the other substrates in their list. 

Figure 1 illustrates the inhibition that occurs at excess 
substrate levels in the case of 3,4-dichlorophenylethanol­
amine. The plot of the velocity reciprocal vs. substrate con­
centration permits calculation of a K^ value.9*The Km' is a 
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measure of the inhibition by excess substrate just as Km is 
a measure of the substrate activity. Other phenylethanol-
amines were studied, and the data were plotted as in Figure 
1. The values were fitted to a straight line by linear regres­
sion analysis, and the Km' value was determined as the x 
intercept. Table II lists the calculated -log Km' values for 
nine PNMT substrates. The -log Km' values roughly paral­
leled the Km values. Excluding the compounds in Table II 
with ortho or with hydroxyl substituents, we correlated the 
—log K^ values for the remaining five compounds accord­
ing to eq 2. The square of the correlation coefficient was 

-logA:rri' = -1.4847r2 + 3.813TT + 2.094 
(±0.323) (±0.765) (±1.031) (±0.262) (2) 

0.96. Note that in this case the fit was improved by adding 
the 7r2 term. On the basis of these limited data, it appears 
that the self-inhibition requirements are about the same as 
the substrate requirements. An optimum TT value for self-
inhibition, based on the derivatives of eq 2, is about 0.84. 
4-Hydroxyl compounds again have higher — log Km' values 
than would be predicted. That observation is consistent 
with our finding with amphetamines as inhibitors.6 
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A major objective of medicinal chemistry is identification 
of the salient structural properties of biologically active 
molecules. Hansch in particular1 has sought quantitative 
correlations between activity and molecular properties by 
applying linear multiple regression analysis to combinations 
of substituent constants in free energy relationships similar 
to the Hammett equation. He has commonly employed 
hydrophobic, steric, and electronic constants, but has sug­
gested2 replacing the latter with the electron populations 
on atoms chosen during regression analysis of data from 
molecular orbital calculations. 

The calculation of atomic electron populations by suitably 
partitioning molecular wave functions is familiar for 7r-elec-
tron systems, and many other structures have become ac­
cessible to quantum chemistry through the introduction of 
semiempirical all-valence-electron techniques such as ex­
tended Hiickel theory (EHT)3 and the complete neglect of 
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