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Table III. Correlations Involving Random Numbers. 
Number of R Values" in the Range 

Range of 
R values 

0.00-0.10 
0.10-0.20 
0.20-0.30 
0.30-0.40 
0.40-0.50 
0.50-0.60 
0.60-0.70 
0.70-0.80 
0.80-0.90 
0.90-1.00 

Besti? 
value for 

replacement 
of act.6 

None 
None 
None 
9 
49 
82 
52 
8 
None 
None 

R value for 
replacement 
of x termsc 

None 
7 
18 
26 
25 
19 
3 
2 
None 
None 

a Correlation coefficient r. 
of 100 runs. 

6 Out of 200 runs. c Out 

procedure as outlined before. The general equation for 
computation of a x index of type t and order m is written 
as follows 

"s "sfm+1 
2 mcj= 2 n (6 , ) , - ' " 

where mc, is the subgraph term for mth order subgraphs 
and mns is the number of mth order subgraphs. The 
symbol II stands for "the product of. For chain terms, 
mXch» only m terms are included in the square brackets, 
instead of m + 1, as explained in section 4. 

Appendix I I 
The question of the quality of correlation against sets 

of random numbers was approached in two ways: (1) the 
biological data, halucinogenic activity, was replaced by sets 
of random numbers which were regressed against the x 
terms of the regression equation; (2) the x terms were 
replaced by sets of random numbers and regressed against 
the halucinogenic activity. 

For the random number study the same computer 
program was used as in the search for the best set of x 

terms. In this program a systematic search is made 
through all sets of n independent variables where n is 
selected by the program user. The program RFIND prints 
out correlation information for any set of n variables for 
which the correlation coefficient exceeds a predetermined 
value, RMIN. 

For study I 200 sets of random numbers were used in 
place of the biological data. These numbers were gen­
erated by subroutine RANR as supplied with the software 
for the PRIME 300 computer. Tabulation was made of 
the highest value of r achieved for each set of random 
numbers used. For each set 816 triplets of x terms were 
examined for correlation. These results are shown in Table 
III. No correlations approaching the significance of those 
with the biological data were found. 

In study II the three x terms were replaced by 100 sets 
of random numbers generated as above. The correlation 
coefficient r was tabulated for each and is given in Table 
III. Again no highly significant correlations were found. 
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Quantitative Structure-Activity Relationships in Centrally Acting Imidazolidines 
Structurally Related to Clonidine 
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The central hypotensive action of clonidine and 26 structurally related derivatives was quantified by means of an 
ED30 obtained from dose-response curves following intravenous administration to anesthetized, normotensive rats. 
Multiple regression analyses of the biological data yielded correlation equations comprising a relationship between 
hypotensive activity and molecular structure. In the equations the pharmacokinetics together with the actual 
engagement of the central a-adrenoceptor are accounted for. More detailed characteristics of this central a-adrenoceptor 
emerged from correlation studies in which new ED30 values, associated with brain concentrations, were employed. 
The use of this biological parameter at the a-adrenoceptor level allowed the presentation of a hypothetical working 
model for the mechanism of interaction between this receptive site and clonidine-like imidazolidines. 

Clonidine [2-(2,6-dichlorophenylimino)imidazolidine 
hydrochloride, Figure 1] has been introduced into clinical 
medicine as an effective antihypertensive drug (Cata-
presan, Catapres). Its hypotensive action has been ex­
plained by a central mechanism. Clonidine is presumed 

to stimulate central a-adrenoceptors located at medullary 
sites. This brings about a decrease in peripheral sym­
pathetic tone and an increase in vagal reflex activity (for 
reviews, see ref 1 and 2). 

Since its discovery a number of authors have considered 
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Figure 1. Structural formula of clonidine (Catapresan). 

the structure-activity relationship with respect to the 
hypotensive action of clonidine-like drugs.3"7 However, 
these investigations have not resulted in quantitative 
correlations. 

We have studied this problem with the aid of 26 de­
rivatives structurally related to clonidine. The compounds 
[2-(arylimino])imidazolidine hydrochlorides] differ in 
substitution in the aromatic moiety (TZ-l-27). The 
majority of the compounds was obtained by synthesis8 and 
the remaining ones were kindly provided by C. H. 
Boehringer Sohn, Ingelheim, West Germany. Hypotensive 
activity was measured in anesthetized, normotensive rats 
following intravenous administration. Recently, it has been 
established by us that a similar mechanism of action 
underlies the hypotensive effect of these phenyl-substi-
tuted imidazolidines as that manifested by clonidine.9,10 

The present paper reports quantitative structure-ac­
tivity relationships (QSAR) in which the variance in 
hypotensive activity observed following intravenous ap­
plication of the compounds is explained in terms of mo­
lecular and substituent parameters (section I). Moreover, 
the QSAR has been transferred to the level of the central 
a-adrenoceptor by using a biological parameter inde­
pendent of the pharmacokinetics of the drugs (section II). 
Finally, a hypothetical mechanism for the mode of in­
teraction between 2-(arylimino)imidazolidines and the 
central a-adrenoceptor as well as a hypothetical model with 
respect to the shape and properties of this receptive site 
has been presented in section III. 

Parameters. The dependent variables (log 1/ED30) in 
the equations reported in the following sections are all in 
terms of the molecular concentration of the imidazolidine 
hydrochlorides associated with a 30% decrease in mean 
arterial pressure after intravenous administration to an­
esthetized, normotensive rats (also see the Experimental 
Section). 

A variety of substituent constants associated with 
electronic effects of the phenyl-attached substituents was 
considered: a (<xmeta,

u <rpara,
n and <rortho

12), <r+,13 F, and R.u 

Additionally, ApKa° (= pKa°x - pKa°H)15 referring to the 
substituent effect on the dissociation of the imidazolidines 
in water was also utilized (pKa°H = 9.67). The values 
employed are the operational dissociation constants (pXa°), 
which presumably prevail under psysiological conditions 
(blood, 37 °C).15 Moreover, the use of atomic x-electron 
charge densities at the skeletal positions was also explored 
for the free bases, g(B), as well as for the protonated 
species, q(P). These charge indices resulted from quantum 
chemical calculations.1617 

The energy of the highest occupied molecular orbital of 
bases and protonated forms, HOMO(B) and HOMO(P),17 

respectively, as well as the one of the lowest empty mo­
lecular orbital, LEMO(B) and LEMO(P),17 was applied in 
the correlation studies. These would be the orbitals in­
volved in any donation or acceptance of charge. The 
applicability of the difference between the HOMO and 
LEMO energies, EE(B) and EE(P), which corresponds to 
the lowest ^--electronic excitation energy of the molecules 
was also studied. 

In order to estimate hydrophobic interactions and/or 
transport processes, log P1 (apparent partition coefficients 

from the octanol-0.1 M phosphate buffer, pH 7.4, sys­
tem),18 ir (phenoxyacetic acid series),19 and parachor (Par)29 

were employed. 
To account for steric effects of the substituents, the Taft 

steric constant, EB,21 compiled and expanded by Hansen,22 

and the molar refraction at the wavelength of the sodium 
D line, MR,14 which represents the volume of the sub­
stituent, were systematically explored. Both parameters 
have been scaled so that the value of the hydrogen sub­
stituent is zero. In the £ s constant of the methoxy function 
only the first atom was considered, and for the nitro 
substituent the Es value associated with the half-width of 
the group was taken. 

All the dependent and independent parameters used in 
the regression equations have been enumerated in Tables 
I and III. 

I. Quantitative Correlations between Structure 
and Hypotensive Activity Following Intravenous 
Administration. After intravenous administration of 
bioactive molecules, a complex series of events constituting 
the pharmacokinetics of the drug is initiated (cf. ref 23). 
A prominent part in the pharmacokinetics of the imida­
zolidines will be played by protein binding, distribution, 
elimination, biotransformation, and excretion. As a result 
of these processes a certain amount of the dose injected 
will eventually occupy the receptor compartment, rep­
resenting the central nervous system in the case at issue. 
This induces a stimulus based on the interaction of the 
molecules with the central a-adrenoceptors, which finally 
leads to the hypotensive effect. For these reasons the 
central hypotensive activity of the clonidine-like drugs is 
the result of a chain of complex events, which for simplicity 
may be divided into the actual receptor interaction and 
the processes determining the concentration in the target 
(brain) tissue. 

The use of the octanol-water system as a suitable 
reference model for describing drug transport processes 
is adequately supported (review by Lien24). Equations 1 
and 2 were derived in order to establish to what extent log 
F predicts the hypotensive activity.25 The parabolic 

log 1/ED30* = 0.451 (±0.30) logP ' + 0.456 (1) 

n = 27; r = 0.529; s = 0.864; F = 9.70 (p < 0.005) 

log 1/ED30* = -0 .253 (±0.22) ( logP') 2 + 
0.491 (±0.28) logP1 + 0.789 (2) 

n = 27; r = 0.647; s = 0.793; F = 8.62 (p < 0.002) 

relationship (eq 2) is statistically better than the linear one 
(eq 1) (F1|24 = 5.72; 1̂,24̂ =0.025 = 5.72). This equation 
explains 42% (=r2) of the variance in hypotensive activity 
and shows that overall lipophilic behavior is not the only 
parameter involved in the structure-activity relationship. 

By stepwise inclusion and/or deletion of the substituent 
and molecular parameters enumerated above, the "best" 
equation (eq 3) was obtained, mathematically comprising 
a relationship between hypotensive activity and molecular 
structure. By "best" equation is meant the relationship 

log I/ED30* = -0 .00032 (±0.00008) (SPar)2 + 
0.105 (±0.03) 2Par - 0.695 (±0.17) ApJTa° + 
5.333 (±1.89) HOMO(P) + 
6.752 (±2.25) EE(P) + 2.494 (3) 

n = 27; r = 0.952; s = 0.341; F = 40.34 (p < 0.001) 

with the largest number of terms, all of which are justified 
by the stepwise application of the F test. Equation 3 is 



Table I. Hypotensive Activities and Physicochemical Parameters of 2-(Arylirnino)imidazolidines Used for the Correlat ions in Section I 
_ 

H 

Compd 
(TZ) X L o g P ' a ApK. 06 £ P a r c 

Xn" ZE' 

HCI 

)MO(P/ 

11 .913 
12 .001 
11 .930 
11.887 
11 .785 
11 .728 
11 .616 
11 .791 
11 .562 
11 .711 
11.607 
11 .430 
11 .661 
11 .520 
11 .702 
11 .557 
11 .786 
11 .657 
11 .498 
11 .568 
11 .995 
12 .784 
11 .535 
11 .342 
11 .632 
10 .429 
11 .845 

E E ( P / 

7 .837 
7.947 
7 .872 
7 .787 
7.727 
7 .618 
7 .633 
7 .780 
7 .473 
7:708 
7 .473 
7 .389 
7 .648 
7 .579 
7 .589 
7 .464 
7 .661 
7 .653 
7 .433 
7 .632 
7 .885 
8.277 
7 .505 
7 .368 
7 .574 
6 .500 
7 .733 

E D 3 / 

2.9 (39) 
2.7 (25 ) 
5 . 5 ( 1 7 ) 

1 2 . 5 ( 2 2 ) 
2 1 ( 1 6 ) 
1 3 ( 2 0 ) 
2 1 ( 2 1 ) 
1 9 ( 1 7 ) 
60 (20) 
3 2 ( 1 6 ) 
61 (19) 
5 3 ( 1 6 ) 
7 9 ( 1 6 ) 
8 0 ( 1 8 ) 

1 5 0 ( 3 1 ) 
5 8 0 ( 1 6 ) 
1 7 0 ( 2 4 ) 
2 4 0 ( 1 6 ) 
2 7 5 ( 2 1 ) 
2 8 0 ( 2 5 ) 
6 0 0 ( 2 1 ) 

4 5 0 0 ( 2 3 ) 
700 (40) 
8 1 0 ( 1 7 ) 
9 9 0 ( 2 3 ) 

2 0 0 0 ( 2 6 ) 
25 0 0 0 ( 1 7 ) 

Log 1/ED 3 0* 

Obsd'1 

2.22 
2.14 
2.04 
1.47 
1.41 
1.37 
1.22 
1.12 
1.03 
0.85 
0.68 
0.68 
0.57 
0.52 
0.32 
0 .28 
0.15 
0.04 

- 0 . 0 5 
- 0 . 0 7 
- 0 . 2 9 
- 0 . 3 4 
- 0 . 3 6 
- 0 . 5 6 
- 0 . 6 7 
- 0 . 7 8 
- 2 . 1 0 

Calcd' 

1.88 
2 .05 
1.98 
1.24 
1.57 
0.96 
1.48 
1.14 
0.74 
0.34 
0.52 
0.42 
0.86 
0 .73 
0.94 

- 0 . 1 0 
- 0 . 1 0 

0.06 
- 0 . 0 3 

0.05 
0.28 

- 0 . 0 4 
- 0 . 6 0 
- 0 . 0 1 
- 0 . 6 1 
- 0 . 6 0 
- 2 . 2 5 

IA log 
WSD30\> 

0.34 
0.09 
0.06 
0 .23 
0.16 
0 .41 
0.26 
0.02 
0.29 
0.51 
0.16 
0.26 
0.29 
0.21 
0.62 
0.38 
0.25 
0.02 
0.02 
0.12 
0.57 
0.30 
0.24 
0.55 
0.06 
0.18 
0.15 

Journal 

0 

O " 

3 

3-

3 
53" 
-1 

<o 
j ^ i 

^ 
0 

to 

< 

to 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

2-Br,6-Cl 
2,6-Cl2 

2,6-Br2 

2-C1.6-F 
2,4,6-Cl3 

2,3-Cl2 

2,6-Cl2,4-Me 
2-Cl,6-Me 
2,6-Cl2,4-Br 
2,6-Me2 

2,4-Cl, 
2-Cl,4-Me 
2,4-Cl2,6-Me 
2,4-Me2,6-Cl 
2,5-Cl2 

2,4,6-Br, 
2-C1 
2,6-Me2,4-Cl 
2-Me,4-Cl 
2,4,6-Me3 

2,6-F2 

2,6-Cl 2 ,4-N0 2 

2,6-Me2 ,4-Br 
2,4-Me2 

2-Me 
2,6-Cl2 ,4-OMe 
H 

0.87 
0.62 
1.21 
0.52 
1.47 
0.57 
0 .73 

- 0 . 5 7 
1.97 

- 1 . 5 4 
0.29 

- 0 . 4 8 
0.47 

- 0 . 3 6 
0 .65 
2 .24 

- 0 . 6 7 
- 0 . 6 2 
- 1 . 0 6 
- 1 . 2 8 
- 0 . 1 6 

1.92 
- 0 . 2 8 
- 1 . 6 6 
- 1 . 8 2 

0.15 
1.92 

2.09 
1.94 
2.19 
2.01 
2.24 
1.47 
1.73 
0.64 
2.28 
0.44 
1.31 
0.63 
1.04 
0.45 
1.52 
2.53 
0.92 
0.18 
0.07 
0.66 
1.84 
3.09 
0.14 
0.47 
0.16 
1.45 
0.00 

169.7 
156 .9 
182.5 
127.8 
196 .6 
156 .9 
196.9 
157.2 
209.4 
157.5 
156 .9 
157.2 
196.9 
197.2 
156.9 
235 .0 
117 .2 
197 .2 
157.2 
197.5 

98.7 
217.1 
210 .0 
157 .5 
117 .5 
216.7 

77 .5 

1.34 
1.18 
1.50 
0.60 
1.88 
1.35 
1.70 
1.27 
2 .20 
1.36 
1.29 
1.11 
1.97 
1.79 
1.35 
2.52 
0.59 
2.06 
1.38 
1.88 
0.02 
1.42 
2.38 
1.20 
0 .68 
1.14 
0.00 

•2 .13 
1.94 

•2.32 
1.43 
2.91 

-1.94 
-3 .18 
-2 .21 
-3 .10 
-2 .48 
-1 .94 
-2 .21 
3.18 

-3 .45 
-1 .94 
3.48 

-0 .97 
-3 .45 
2.21 
3.72 
0.92 
2.90 

-3 .64 
2.48 
1.24 
2.49 
0.00 

a Apparent parti t ion coefficients be tween octanol and 0.1 M phospha te buffer with pH 7.4 (from ref 18) . " ApK a ° calculated from p # a ° x - 9-67 (from ref 15). c F r o m ref 
20. d F rom ref 19. e F rom ref 21 and 22. f F r o m ref 17. e Obtained from dose-response curves following int ravenous adminis t ra t ion t o anesthet ized, normotens ive rats wi th 
the number of experimental values in parentheses ; ED J 0 in Mg/kg. '' Calculated a m o u n t s of p ro tona ted species; E D 3 0 * in Mmol/kg. ' Calculated by using eq 3. ' Absolute differ­
ence between observed and calculated values. 

Table II. Squared Correlation Matrix Showing the Degree of Collinearity (r2) be tween the Variables Used in Sect ion I 

A P K a » 
2; Par 
Sir 
XES 

HOMO(P) 
EE(P) 
L o g P ' 

ApKa" 

1.00 

i:Par En s £ s HOMO(P) EE(P) L o g P ' 

0.07 
1.00 

0.01 
0.81 
1.00 

0.01 
0.85 
0.74 
1.00 

0.14 
0.04 
0.02 
0.00 
1.00 

0.07 
0.05 
0.02 
0.00 
0.94 
1.00 

0.84 
0 .33 
0 .21 
0.17 
0.07 
0 .03 
1.00 

¥ 
a 
3 
J" 
c 
o 
3 

S 
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highly significant (F5,2iy=o.ooi = 6.32) and accounts for 91% 
of the variance in log 1/ED30*. 

Looking at the structure of eq 3 stepwise, the sequence 
shown in eq 4-7 was found. In correlating log 1/ED30* 

log 1/ED30* = - 0 . 4 5 1 A p K a ° - 0.013 (4) 
r = 0.482; s = 0.892; F= 7.58 

log 1/ED30* = -0 .00035 (SPar)2 + 
0.117 S P a r - 8 . 8 4 4 (5) 

r = 0.656; s = 0.784; F= 9.08 

log 1/ED30* = -0 .713 Aptfa° + 

7.473 HOMO(P) + 9.350 EE(P) + 15.768 (6) 

r = 0.777; s = 0.669; F = 11.65 

log 1/ED30* = -0 .00040 (SPar)2 + 0.129 SPar -
0.534 A p i C - 9.933 (7) 

r = 0.853; s = 0.554; F = 20.43 

with one parameter, ApXa° is the major single variable (eq 
4). The next major one is the combination of a linear and 
a squared term in SPar (=the summation over the par-
achor values of the phenyl-attached substituents including 
the hydrogens) (eq 5). The parameters HOMO(P) and 
EE(P) are inseparably inherent in each other. Solely the 
linear combination of these terms improved the correla­
tions significantly (cf. eq 6), in spite of their high col­
linearity (see Table II). The best equation in three terms 
is formed by ApKa° and a parabolic dependence on SPar 
(eq 7). 

Parachor is defined as the product of the molecular 
volume and the fourth root of the surface tension.26 When 
the surface tension of the compounds in an analogous 
series is numerically similar, the parachor values of the 
congeners are a good measure of their relative molecular 
sizes.20 Surface tension itself may be related to an overall 
lipophilic behavior of the molecules (cf. ref 27). It can be 
anticipated that parachor represents a variable containing 
lipophilic as well as steric properties. 

When parachor in eq 3 was replaced by the hydrophobic 
constant it (Sx = summation over the substituent -K values) 
or by the steric substituent parameter Ea (S£8 = sum­
mation over the substituent Eg values), eq 8 and 9 resulted. 

log 1/ED30* = -0 .865 (±0.35) (STT)2 + 
2.433 (±0.94) STT - 0.670 (±0.21) ApXa° + 
6.926 (±2.47) HOMO(P) + 
8.886 (±2.92) EE(P) + 11.576 (8) 

n = 27; r = 0.912; s = 0.455; F = 20.85 (p < 0.001) 

log 1/ED30* = -0 .509 (±0.15) (S£ s ) 2 -

2.434 (±0.69) S£ s - 0.440 (+0.18) ApiS,0 + 
3.023 (±2.33) HOMO(P) + 
5.124 (±2.62) E E ( P ) - 6 . 1 4 5 (9) 

n = 27; r = 0.943; s = 0.369; F = 33.80 (p < 0.001) 
These two equations show that the substitution of par­
achor by parameters standing for lipophilic character or 
steric features alone is accompanied by a loss of signifi­
cance of the correlation and emphasizes that parachor 
contains both of these properties. Although the collinearity 
between SPar and Sx and also between SPar and 2E8 is 
particularly high (see Table II), it seems safe to conclude 
that in the structure-activity relationship under inves­
tigation significant roles can be attributed to lipophilic 
properties (transport) and steric features, partly deter­
mining the receptor interaction. Both phenomena together 

are best described by parachor. 
The appearance of ApKa° in the regression equations can 

be ascribed to its profound influence on lipophilicity of the 
imidazolidines, since the degree of dissociation depends 
on the pK&° of the molecules. Additionally, it may also 
reflect electronic effects playing a part in the drug-receptor 
interaction. 

The partial correlation of the excitation energy (EE) in 
combination with the HOMO energy, an index of electron 
donor ability,28 may be interpreted as an indication that 
a charge-transfer complex is formed at the receptor site. 

Equation 3 predicts the hypotensive activities of the 
imidazolidines (log 1/ED30*) quite satisfactorily (see Table 
I). All the experimental values are predicted within the 
limits of ±2s (s = standard deviation). Therefore, no 
outliers deviating more than twice from the standard 
deviation are encountered. The difference between ob­
served and calculated hypotensive activities is greatest for 
TZ-15 (2,5-Cl2). 

It is obvious that the use of in vivo biological data in 
order to correlate with molecular structure is strictly 
limited by the complexity of the events, giving rise to the 
response ultimately measured in vivo. The equations 
presented in this section demonstrate that a proper choice 
of parameters succeeds in generating very acceptable 
correlations. It should be noted, however, that the 
mathematical description of such a complex system re­
quired the use of overall molecular parameters, which 
probably comprise various properties. The equations only 
provide a faint working model for speculations on the mode 
of action of the imidazolidines at the level of the central 
a-adrenoceptor. 

II. Quantitative Correlations between Structure 
and Hypotensive Activity at the Level of the Central 
a-Adrenoceptor. In the preceding section it has been 
shown that the hypotensive activity of the imidazolidines 
following intravenous administration could be expressed 
adequately in terms of molecular properties. On the other 
hand, no clear picture of the actual mechanism of action 
at the level of the central a-adrenoceptor emerged. This 
lack of more detailed information is owed to the fact that, 
in addition to the actual receptor interaction, the "kinetics" 
are also to be accounted for. Undoubtedly, if separate and 
independent parameters could be included for these 
various single processes, such as distribution, protein 
binding, biotransformation, renal excretion, and the final 
induction of the effect, more clear-cut relations might 
result. However, such an approach requires too many 
variables which are mostly interrelated and are therefore 
statistically meaningless. 

As far as the "kinetics" are concerned, 42% of the 
variance in hypotensive activity is already explained by 
them. In order to study those chemical properties of the 
imidazolidines and, consequently, those moieties in these 
compounds essential to the interaction with the central 
a-adrenoceptors, it is necessary to avoid this part-process. 
The results reported recently by us18 offer the possibility 
to separate the "kinetics" from receptor occupation. We 
found a linear relationship between rat-brain concentration 
and the dose administered intravenously. Our biological 
parameter of interest, ED30, is located approximately at 
the middle of the linear part of the dose-response char­
acteristics,9 where the logarithm of the dose is proportional 
to the depressor response. Consequently, the logarithm 
of the brain concentration assayed at the moment of 
maximal decrease in blood pressure will be a measure of 
the hypotensive effect. Furthermore, the tendency of the 
imidazolidines to accumulate in the brain, log (Cbrain/Civ), 
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Table III. Hypotensive Activities at the Central a-Adrenoceptor Level and Physicochemical Parameters of 
2-( Arylimino)imidazolidines Used for the Correlations in Section II 

Compd 
(TZ) 

10 
2 
1 
8 
3 
6 
4 

12 
20 
25 
7 

24 
14 
19 

5 
17 
11 
18 
13 

9 
15 
23 
21 
27 
16 
26 
22 

SF° 

-0 .14 
1.72 
1.77 
0.79 
1.82 
1.54 
1.74 
0.81 

-0 .19 
-0 .07 

1.67 
-0 .12 

0.74 
0.62 
2.41 
0.86 
1.55 
0.55 
1.48 
2.45 
1.54 
0.59 
1.76 
0.00 
2.55 
1.86 
2.83 

£i?° 

-0 .24 
-0 .28 
-0 .29 
-0 .26 
-0 .30 
-0 .20 
-0 .43 
-0 .28 
-0 .38 
-0 .12 
-0 .42 
-0 .26 
-0 .40 
-0 .28 
-0 .44 
-0 .14 
-0 .30 
-0 .40 
-0 .42 
-0 .46 
-0 .20 
-0 .42 
-0 .58 

0.00 
-0 .48 
-0 .78 
- 0 . 1 2 

Qc,P)b 

0.934 
0.932 
0.932 
0.934 
0.929 
0.942 
0.937 
0.944 
0.935 
0.944 
0.933 
0.946 
0.935 
0.944 
0.932 
0.942 
0.941 
0.934 
0.934 
0.932 
0.942 
0.933 
0.936 
0.942 
0.929 
0.934 
0.930 

ES-2
C 

-1 .24 
-0 .97 
-1 .16 
-1 .24 
-1 .16 
-0 .97 
-0 .97 
-0 .97 
-1 .24 
-1 .24 
-0 .97 
-1 .24 
-1 .24 
-1 .24 
-0.97 
-0.97 
-0 .97 
-1 .24 
-1 .24 
-0 .97 
-0 .97 
-1 .24 
-0 .46 

0.00 
-1 .16 
-0.97 
-0 .97 

£S-6C 

-1 .24 
-0.97 
-0 .97 
-0 .97 
-1 .16 

0.00 
-0 .46 

0,00 
-1 .24 

0.00 
-0.97 

0.00 
-0 .97 

0.00 
-0 .97 

0.00 
0.00 

-1 .24 
-0 .97 
-0 .97 

0.00 
-1 .24 
-0 .46 

0.00 
-1 .16 
-0 .97 
-0 .97 

£S-2,4C 

-1 .24 
-0 .97 
-1.16 
-1 .24 
-1 .16 
-0 .97 
-0 .97 
- 2 . 2 1 
-2 .48 
-1 .24 
- 2 . 2 1 
-2 .48 
-2 .48 
- 2 . 2 1 
-1 .94 
-0 .97 
-1 .94 
- 2 . 2 1 
- 2 . 2 1 
-2 .13 
-0 .97 
-2 .40 
-0 .46 

0.00 
- 2 . 3 2 
- 1 . 5 1 
-1 .93 

£S-4,6C 

-1 .24 
-0 .97 
-0 .97 
-0 .97 
-1 .16 

0.00 
-0 .46 
-1 .24 
-2 .48 

0.00 
-2 .21 
-1 .24 
-2 .21 
-0.97 
-1 .94 

0.00 
-0.97 
-2 .21 
-1 .94 
-2 .13 

0.00 
-2 .40 
-0 .46 

0.00 
-2 .32 
- 1 . 5 1 
-1 .93 

Log 1/ED,0(C) 

Obsdd 

2.14 
1.78 
1.72 
1.57 
1.40 
1.13 
1.13 
1.07 
0.98 
0.91 
0.87 
0.86 
0.83 
0.80 
0.69 
0.67 
0.58 
0.54 
0.40 
0.24 
0.03 

-0 .10 
-0 .22 
-0 .42 
-0 .65 
-0 .82 
-1 .68 

Calcd* 

1.61 
1.67 
1.38 
1.68 
1.51 
0.99 
0.67 
0.85 
0.67 
0.99 
0.90 
1.16 
0.82 
0.79 
0.90 
0.51 
0.44 
0.62 
0.77 
0.07 
0.93 
0.00 
0.07 

-0 .37 
- 0 . 3 3 
-1 .02 
-1 .83 

IA log 
l/EDS0(C)l' 

0.53 
0.11 
0.34 
0.11 
0.11 
0.14 
0.46 
0.22 
0.31 
0.08 
0.03 
0.30 
0.01 
0.01 
0.21 
0.16 
0.14 
0.08 
0.37 
0.17 
0.90g 

0.10 
0.29 
0.05 
0.32 
0.20 
0.15 

° From ref 14. b From ref 17. c From ref 21 and 22. d Obtained with the aid of eq 10; ED,0(C) in nmol/g of brain 
tissue, wet weight. e Calculated by using eq 11. ^ Absolute difference between observed and calculated values. 8 Ex­
perimental value not predicted within the limits of ± 2s. 

could be described almost perfectly by a parabolic rela­
tionship in log P1S (eq 10). In eq 10 Cbrain represents the 

log(Q, r a i n /C i v) = " 0 . 1 3 3 (10gP')2 + 

0.574 log P'- 0.094 (10) 

n = 14; r = 0.987; s = 0.139; F = 211.83 

(p< 0.001) 

rat-brain concentration (ng/g of brain tissue, wet weight) 
achieved at the moment of maximal decrease in blood 
pressure following intravenous administration of a certain 
dose (Civ; Mg/kg of body weight). 

For all the member imidazolidines this relationship (eq 
10) was used to calculate the brain concentration (nmol/g 
of brain tissue, wet weight) associated with a decrease in 
arterial pressure of 30%. This new ED30 can be considered 
to be a measure of the concentration of the drugs at the 
level of the central a-adrenoceptor and no longer depends 
on the processes which ultimately provided this concen­
tration in the receptor compartment, since these kinetic 
events are already accounted for by eq 10. As a result, this 
new biological parameter, log l /ED^C), will be potentially 
more suitable in studying structure and activity. The 
values are listed in Table III. 

Equation 11 was derived from the biological data at the 
central a-adrenoceptor level relating the chemical structure 
of the drugs to their hypotensive activities.29 This 

log 1/ED30(C) = -0 .401 (±0.12) (2ES)
2 -

1.771 (±0.56) 2ES + 1.898 (±1.09) XR + 
5.129 (±1.67)HOMO(P) + 
6.771 (±1.96) EE(P) + 8.026 (11) 

n = 27; r = 0.941; s = 0.326; F = 32.20 (p < 0.001) 

equation is most significant (̂ 5,21̂ =0.001 = 6.32) and ex­
plains 89% of the variance in hypotensive activity. Table 

IV shows that the vectors are quite orthogonal, HOMO(P) 
and EE(P) excepted. The development of the quantitative 
structure-activity relationship for eq 11 is given below. 

log 1 /ED 3 0 (C)=-0 .069 (2£ s ) 2 + 1.083 
r = 0.385; s = 0.812; F= 4.34 
log 1/ED30(C) = - 0 . 4 0 6 ( 2 £ s ) 2 - 1.678 XES -

0.677 
r = 0.668; s = 0.668; F= 9.65 
log 1/ED30(C) = -0 .512 (2£ s ) 2 - 2.163 XES + 

1.308 E E ( P ) - 11.095 
r = 0.791;*= 0 . 5 6 2 ; F = 12.78 
log 1/ED30(C) = -0 .378 (2ES)

2 - 1.560 I £ s + 

4.636 HOMO(P) + 6.650 EE(P) + 2.902 
r= 0 .901; s = 0.406; F= 23.83 

The hypotensive activity of the clonidine-like drugs at the 
a-receptor level is expressed in terms of resonance con­
tribution (R) of all the substituents (2#), a parabolic 
dependence on overall steric factors (2ES), and the two 
quantum chemical parameters HOMO(P) and EE(P). In 
addition to 2£ s the involvement of Sir and 2MR in the 
quantitative structure-activity relationship was also 
studied. It was found that Es models substituent effects 
better than ir or MR, although there is a high collinearity 
among these vectors. Apparently, steric effects are in­
volved and Es is the parameter of choice. 

Equation 11 is the "best" relationship which could be 
generated from the available data. Of the other equations 
derived, eq 12 is as statistically relevant as eq 11. In this 
correlation equation the inclusion of the inductive com­
ponent of the electronic effect of the substituents (2.F) as 
well as the ir-electron charge density at the guanidine 
carbon atom of the protonated imidazolidines, Qc8(P)> 
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log 1/ED30(C) = - 0 . 5 5 5 (±0.11) (2£ s ) 2 -

2.347 (±0.54) S £ s - 0.590 (±0.19) 2F-

48.694 (±40.01) qCs(P) + 
1.432 (±0.52) EE(P) + 34.122 (12) 

n = 27; r = 0.935; s = 0.340; F = 29.35 (p < 0.001) 

caused HOMO(P) to be no longer a significant parameter. 
One may conclude from this relationship that electrostatic 
forces possibly play a part in the drug-receptor binding. 

Equation 11 provides calculated hypotensive activities 
which agree well with the observed ones (see Table III). 
For all the derivatives the depressor activity is predicted 
within the limits ±2s, TZ-15 (2,5-Cl2) excepted, which 
therefore forms an outlier. Apparently, meta substitution 
is not described adequately, although TZ-6 (2,3-Cl2) fits 
excellently in the regression. 

When both meta-substituted compounds TZ-6 and 
TZ-15 were omitted, eq 13 resulted. This equation relates 

log 1/ED30(C) = -0 .439 (±0.10) (S£ s ) 2 -
1.939 (±0.48) ZES + 2.180 (±0.91) Si? + 
4.719 (±1.40) HOMO(P) + 
6.249 (±1.64) EE(P) + 7 . 1 9 0 (13) 

n = 25; r = 0.965; s = 0.262; F = 50.78 (p < 0.001) 

the hypotensive activity of the unsubstituted derivative 
as well as the depressor potencies of 2-, 2,4-, and 2,4,6-
substituted congeners to their chemical structures. It 
explains 93% of the variance in blood pressure lowering 
activity. In Figure 2 the hypotensive activities calculated 
according to eq 13 are plotted against the ones observed. 

Until now steric factors have been studied in a composite 
sense (2ES) only. In order to evaluate the positional 
dependence of the steric effect, Es was examined for each 
position separately. In these regression analyses the 
meta-substituted analogues were omitted, since the use­
fulness of including meta substitution in this particular 
case is limited by the fact that the present series of 
compounds contains only two meta-substituted derivatives 
(TZ-6 and TZ-15). The larger ortho substituent on the 
phenyl ring was designated 2. As a consequence, groups 
at the para position received number 4, and the smaller 
ortho substituent was designated 6. For the ortho sub-
stituents present in this study the steric effect increases 
in the order of H, F, CI, Br, CH3.

22 Upon factorizing the 
steric involvement, eq 14-16 resulted in which the figures 
attached to Es refer to the position of the substituent on 
the phenyl ring. When eq 14 is compared with eq 15, the 
major importance of JEs-2 (larger substituent) over i?9-6 
(smaller substituent) comes to the fore. The addition of 
Es-6 to eq 14 did not result in a significant improvement 
of the correlation. Therefore, it seems likely that, as far 
as the steric features of the drug-receptor interaction are 
concerned, only one of the ortho substituents (2 position) 
is involved in this process. In eq 16 all the terms are 
statistically justified. However, this relationship is no 
significant improvement over eq 13, owing to the inclusion 
of two more variables. Equation 16 also points to the steric 
attribution of position 2 on the phenyl ring, on which the 
interaction with the receptor is probably most dependent. 
Optimal values of the steric involvement for position 2 
(Es-2°) and for positions 4 and 6 in a composite sense 
(Es-4,6°) were calculated by using eq 16. The optimal Es 
values found were Es-2° = -0.91 and E8-4,6° = -1.13. It 
is interesting to note that the value of EB-2° is very close 
to the steric constant of the chlorine substituent (E3 = 
-0.97).22 From similar regression equations it could be 

log 1/ED30(C) = -0.756 (±0.29) (£s-2,4)
2 -

2.383 (±0.98)£s-2,4 + 2.141 (±1.24) Si? + 

3.812 (±2.31) HOMO(P) + 

5.323 (±2.65) EE(P) + 3.879 (14) 

n = 25; r = 0.923; s = 0.383; F = 21.81 (p < 0.001) 

log 1/ED30(C) = -0.575 (±0.32) (£s-4,6)
2 -

1.513 (±0.99) £s-4,6 + 2.088 (±1.66) Si? + 

3.621 (±2.89) HOMO(P) + 

5.045 (±3.30) EE(P) + 4.624 (15) 

n = 25; r = 0.894; s = 0.445; F = 15.13 (p < 0.001) 

log 1/ED30(C) = -2.431 (±1.36) (Es-4,6)2 -

4.402 (±1.90) Es-2 - 0.391 (±0.20) (£s-4,6)2 -
0.881 (±0.65) £ s-4,6 + 2.778 (±1.27) Si? + 
5.217 (±2.16) HOMO(P) + 
6.659 (±2.35) EE(P) 4- 9.817 (16) 

n = 25; r = 0.967; s = 0.266; F = 35.48 (p < 0.001) 

concluded that the optimal value of £s-6 amounts to 
approximately -0.9, almost leaving no space for the 4 
position. 

The acceptable quality of the regression equations 
presented in this section emphasizes the usefulness of 
studying the structure-activity relationship at the level 
where the actual drug-receptor complexes are formed. By 
ruling out the kinetic aspects of drug transport, the 
properties of the central o-adrenoceptor as such could be 
studied more accurately. In a provocative manner it might 
be said that by following this approach the problem has 
been reduced to that of an "isolated organ". In the fol­
lowing section attempts are made at speculating on the 
mode of action of the imidazolidines. Possible features of 
the central a-adrenoceptor will be postulated with the help 
of these correlation equations. 

III. Central a-Adrenoceptor: Speculations Con­
cerning Its Properties and Mode of Interaction on the 
Basis of Structure-Activity Relationship Studies. 
The regression equations presented in the foregoing section 
may be translated into a hypothetical working model which 
may provide insight into the mechanism of action of 
clonidine and its related imidazolidines at the central level. 
It goes without saying that this model can only be regarded 
as a speculative basis for further investigations. 

The model emerging consists of a receptor site which has 
the ability of accepting electrons from an electron-donating 
drug. The appearance of HOMO(P) energy in the cor­
relation equations indicates that such an interaction be­
tween an imidazolidine and the a-receptor occurs. At­
tention may be focused on the HOMO energy as a cal­
culable index of the spontaneous donor ability of a mol­
ecule. High-lying HOMO energy levels favor electron 
donation and, consequently, hypotensive activity increases 
in the case at issue. The partial correlation of the first 
excitation energy, EE(P), being an intramolecular pro­
motion of an electron from the highest occupied MO 
(HOMO) to the lowest empty MO (LEMO), is somewhat 
difficult to interpret. For the present series of compounds 
a high collinearity between HOMO(P) and EE(P) exists. 
It appears that hypotensive activity is advantaged by high 
EE(P) values. Probably the possibility of an intramo­
lecular electron promotion harms the electron donation 
to the receptor. 

Another site of interaction is suggested by the significant 
contribution of <7c8(P) to hypotensive activity. This charge 
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Table IV. Squared Correlation Matrix Showing the Degree of Collinearity (r2) between the Variables Used in Section II 

zF zR «c.(P) ZES Es-4,6 £s-2,4 HOMO(P) EE(P) 

ZF 
zR 
«c.(P) 
zEs 
£s-6 
Es-2 
£s-4,6 
ES-2A 
HOMO(P) 
EE(P) 

1.00 0.14 
1.00 

0.31 
0.20 
1.00 

0.06 
0.12 
0.32 
1.00 

0.10 
0.19 
0.83 
0.47 
1.00 

0.01 
0.02 
0.03 
0.36 
0.14 
1.00 

0.12 
0.10 
0.35 
0.94 
0.46 
0.14 
1.00 

0.03 
0.02 
0.03 
0.79 
0.07 
0.31 
0.72 
1.00 

0.08 
0.28 
0.06 
0.00 
0.00 
0.04 
0.01 
0.00 
1.00 

0.03 
0.25 
0.08 
0.00 
0.02 
0.02 
0.00 
0.01 
0.94 
1.00 

1 50 -

1 00 -

0 50 

log (C) calculated 
2-CI.6-N. 2,S-d,-CI 

• / • • 2,6-Oi-Mf 

2-Mt,4-Cl / 2-CI, t-M« 
2,4.6-tn-CI ••»'2,?-«!l-Cl l4.-Mt 

2 , t -d i -CI ,6-M«« / i 2 . ' 4 -d i -M« ,6 -C I 
2 , 6 - d i - M i , < - C l ^ i 2 - C I . 2-CI.6-F 

-2 00 -
2 , 6 - C J i - C l . t - H O , 

log — ' — (C) observed 
E D30 

-2 00 -1.50 -100 -0.50 0.00 0 50 1.50 2.00 2.50 

Figure 2. Comparison between hypotensive activities at the 
central a-adrenoceptor level obtained with the aid of eq 10 and 
values calculated by using correlation eq 11 for clonidine and 24 
of its structurally related imidazolidines. The meta-substituted 
derivatives are omitted. 

index may be considered to reflect the charge density at 
the imidazoline portion of the protonated molecules. From 
the correlation equations it follows that the increase of a 
positive charge at this moiety parallels an increase in 
depressor activity. Presumably a positively charged ni­
trogen atom interacts with a negatively charged site at the 
receptor. Upon including <Jc8(P) the parameter HOMO(P) 
was no longer significant, whereas the electronic effect of 
the substituents by inductive forces (2F) appeared in the 
equation. This seems to indicate that the 2F term explains 
part of the variance in the HOMO(P) relevant to its effect 
on log 1/ED30(C), since electron donation by the sub­
stituents results in high-lying HOMO energy levels. From 
the incorporation of Si? in the structure-activity rela­
tionships, it can be deduced that electronic effects by 
resonance contributions lower the hypotensive activity. 
This may be interpreted in the sense that resonance in­
teraction between the aromatic portion and the imida-
zolidine moiety of the molecules is not permitted for high 
depressor activity. Interaction of this type may partly 
compensate the positive charge in the case of electron-
repelling substituents and electron-attracting groups will 
hinder the electron donation to the receptor. 

Rather stringent demands are made upon steric occu­
pation at the phenyl ring of the imidazolidines. For each 
position a parabolic dependence on steric factors was 
found. Factorizing the steric involvement in the struc­
ture-activity relationship revealed that probably one side 
of the aromatic ring determines the fitting with the re­
ceptor. This side appears to be the one which bears the 
larger ortho substituent. It seems therefore plausible to 

Figure 3. Hypothetical working model representing the mode 
of interaction between 2-(arylimino)imidazolidines and the central 
a-adrenoceptor. For explanation see text. 

postulate that the conformation in which the protonated 
molecules interact with the a-receptor is the one in which 
the smaller ortho substituent is directed to the imida-
zolidine portion, so that the larger one is situated at the 
side of the molecules that the interaction with the a-re­
ceptor is most dependent upon. Apparently, the chlorine 
substituent possesses the most favorable dimensions for 
an optimal fit. 

The major aspects of this hypothetical model of in­
teraction are visualized in Figure 3 (also, see Discussion). 

Discussion 
Quantitative Structure-Activity Relationships. 

The attempts at comprising a mathematical relationship 
between the hypotensive activity of the imidazolidines and 
their molecular structure revealed the complexity of the 
system in vivo for performing structure-activity rela­
tionship studies. After intravenous administration of the 
compounds, approximately 42% of the variance in de­
pressor activity is explained by an overall lipophilic be­
havior. Parachor was found to be a suitable parameter in 
the equations and it has been made plausible that this 
variable probably constitutes lipophilic as well as steric 
properties. The potential usefulness of parachor in drug 
design has been reviewed recently by Ahmad et al.20 In 
some selected cases a better fit of the biological data was 
obtained by employing parachor instead of the hydro­
phobic substituent constant ir. The correlations presented 
in this paper favor the use of parachor when, in addition 
to penetration processes steric factors play a substantial 
part in determining the biological activity. 

Introduction of a New Biological Parameter at the 
a-Receptor Level. From the equations describing the 
hypotensive activity of the imidazolidines following sys­
temic application, only a faint picture of the actual features 
involved in the drug-receptor interaction emerged. More 
detailed information could be obtained, when the con­
tribution of pharmacokinetics, which ultimately gives rise 
to the concentration in the receptor compartment, was 
excluded. This was achieved by calculating a new bio­
logical parameter related to the brain concentration of the 
compounds, which reflects the amount at the a-receptor 
level. It should be noted that at the a-receptor level TZ-10 
(2,6-Me2) appears to be the most potent derivative, whereas 
TZ-22(2,6-Cl2,4-N02) possesses the slightest depressor 
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activity within the present series of molecules. The ef­
fectiveness in decreasing the blood pressure of some of the 
imidazolidines is remarkable. In rats a total brain content 
of approximately 10 ng of clonidine is sufficient to provoke 
a 30% decrease in arterial pressure. When this small 
amount is compared with the excessively high doses 
employed in intracerebroventricular, intracisternal, and 
stereotactic techniques, it challenges the relevance of such 
administrations and unsettles the interpretation of the 
effects obtained with the aid of these methods. 

Mechanism of Interaction at the Central Receptor 
Level. The procedure outlined above of performing 
structure-activity relationship studies at the level of the 
central a-adrenoceptor provides a hypothetical working 
model for the drug-receptor interaction. The major 
features which are probably involved are fundamentally 
not different from those proposed to be of importance for 
the peripheral situation.30"32 

In addition, the skeletal structure of clonidine and its 
derivatives permits the engagement of an a-receptor.33 

Moreover, the results of recent structure-activity rela­
tionship studies on the peripheral hypertensive effect of 
clonidine and a number of its congeners in the pithed rat34 

point to a qualitatively similar picture. The excitation of 
the central a-adrenoceptor is presumably brought about 
by an electrostatic interaction between a positively charged 
nitrogen atom of the imidazolidine portion of the molecules 
and a negatively charged site at the receptor. The for­
mation of a hydrogen bond with the bridge nitrogen is 
possible but does not seem necessary in view of the ob­
servation that in many potent a-sympathomimetic drugs 
such an interaction cannot be accomplished. Based on 
studies with group selective reagents on tissues containing 
a-receptors, Salman et al.35 have proposed the presence 
of thiol groups at such selective sites. It is tempting to 
speculate that this group may be involved in the formation 
of a hydrogen bond. By means of electron donation, the 
aromatic portion of the imidazolidines interacts with an 
electron-deficient area of the receptor. It must be argued 
that rather specialized conditions must be met to induce 
some electron exchange between drug and receptor. The 
first condition is the geometry of the donor and acceptor 
should be such that a very intimate fit ensues between 
these molecules. The overlapping of appropriate orbitals 
between the two will then permit the exchange with a 
minimum energy requirement. The second condition 
requires that the levels of donor and acceptor are disposed 
in such a manner that again a minimum expenditure of 
energy is necessary for the transfer of an electron. This 
means the donor molecule must have a high-lying HOMO 
energy and the acceptor molecule a low-lying LEMO 
energy. When these conditions are met, the need for 
significant amounts of external energy is obviated and the 
electron exchange becomes relatively easy. Apparently, 
the optimal fit of the imidazolidines with the a-receptor 
is determined by one side of the phenyl ring. Based on 
the results from the regression analysis it is tempting to 
suggest that when there is a possibility for the receptor to 
choose between ortho substituents, chlorine or the sub­
stituent whose steric bulk is close to that of chlorine is 
preferably selected for this fit. The other ortho substituent 
may then possibly determine the orientation of the residual 
imidazolidine ring. This group should not be too small 
since coplanarity between the aromatic portion and the 
imidazolidine moiety will increase the resonance inter­
action between these systems, which is not permitted for 
high hypotensive activity. 

Although it seems that the demands which are made 
upon the steric bulk of the para substituent are less 
stringent, hypotensive activity is favored when this place 
is left unsubstituted or when small groups like fluorine or 
hydroxyl are located at this position. Other effects exerted 
by these groups are probably of more importance. 

Meta Substitution, a Promising Prospect. A very 
interesting facet in the structure-activity relationship is 
the influence of meta substituents on hypotensive activity. 
Firm conclusions, however, cannot be drawn, since only 
two compounds with such substituents are included. It 
is striking that TZ-15 (2,5-Cl2) forms an outlier, whereas 
the hypotensive activity of TZ-6 (2,3-Cl2) is accounted for 
by the regression equations. Moreover, the depressor 
activity of TZ-15 (2,5-Cl2) at the a-receptor level is far less 
than that of TZ-17 (2-C1). On the other hand TZ-6 
(2,3-Cl2) is more potent the TZ-U (2,4-Cl2). Similar 
observations were made with derivatives of norepinephrine 
and epinephrine. Substitution on the phenyl ring with a 
hydroxyl group at the 3 position is more effective in 
providing vasopresser action than substitution at the 4 
position (for review see ref 36). In addition, the presence 
of a 3-hydroxyl substituent on the aromatic ring of ox-
ymetazoline is an enhancing factor for adrenergic activity 
in isolated rabbit intestine when compared to that of 
xylometazoline in which this substituent is missing.37 

The electronic and quantum chemical properties of TZ-6 
and TZ-15 are very similar. Therefore, these differences 
in activity can be related to steric effects. Proper sub­
stitution at the 3 position favors hypotensive activity, but 
substitution at the 5 position diminishes depressor potency. 
This conclusion is in agreement with the suggestion, made 
above, that only one side of the phenyl ring determines 
the fit with the receptor. Apparently, an additional 
binding place for a 3-subsituent is present at the a-re­
ceptor. In order to put this postulate on a sound basis 
more meta-substituted derivatives would have to be in­
cluded in the regression analyses. 

It should be noted that Rouot et al.34'38 were not able 
to measure any hypotensive response of TZ-15 (2,5-Cl2) 
and some other analogues within the present series of 
clonidine-like drugs. In our hands, all of the derivatives 
are centrally active, hypotensive drugs like in the rabbit.5 

The reason for the discrepancy between these results is 
not clear. 

Conclusions 
The present study points to various features for optimal 

activity at the central a-adrenoceptor level. Imidazolidines 
of high hypotensive activity at this level should possess 
high-lying HOMO energies and high EE values and a high 
positive charge at the imidazolidine portion should be 
ensured. This should be achieved by substituents donating 
electrons by inductive forces. Preferably, these compounds 
should be 2,6-disubstituted with groups whose steric 
properties are comparable to those of chlorine, and the 
para position should be left unsubstituted. In view of these 
criteria, methyl groups are the best candidates. However, 
methyl-substituted derivatives penetrate poorly into the 
central nervous system, due to the high pXa° value of these 
compounds. As a result, the hypotensive activity of im­
idazolidines administered intravenously is enhanced by 
substituents like chlorine or bromine. Meta substitution 
is still a rather unexplored area. 

In active hypotensive imidazolidines the substitution at 
the phenyl ring should be such that it meets the demands 
for optimal receptor engagement and that it ensures a 
favorable penetration of the molecules as well. The op­
timal balance between these two mutually conflicting 



1644 Journal of Medicinal Chemistry, 1977, Vol. 20, No. 12 

requirements might yield new, highly active hypotensive 
drugs in the imidazolidine series. 

The approach followed in this study at developing 
mathematical relationships between central hypotensive 
activity and molecular structure supports the conclusion 
that SAR studies can be realized in intact animals even 
when the biological variable underlies a complex phar­
macological and kinetic pattern. The use of a biological 
parameter independent of the aspects of drug transport 
looks promising. 

Experimental Section 
Hypotensive Activity. Male Wistar rats (weight 190-220 g) 

were anesthetized with pentobarbitone sodium (75 mg/kg), 
administered intraperitoneal^. The rats had been kept on a diet 
of Muracon I pellets, tap water being allowed ad libitum. The 
animals were placed on a thermostated table and rectal tem­
perature was kept at 37 ± 1 °C. The trachea was cannulated to 
allow artificial respiration throughout the experiment. The right 
jugular vein was cannulated and heparin (1000 IU/kg) was injected 
intravenously. A cannula was placed into the right carotid artery 
for measurement of arterial blood pressure, recorded via a Statham 
P23 Db presure transducer connected to a Hellige-HE 19 recorder. 
Heart rate was obtained from the pulse wave at high speed of the 
recording paper. After an equilibrium period of about 20 min 
blood pressure and heart rate had usually reached a constant level. 
In case the mean arterial pressure was higher than 150 or lower 
than 100 mmHg, the animal was discarded. The hypotensive 
effect of clonidine and its structurally related compounds was 
investigated after intravenous injections of various different doses. 
A group of four test compounds was taken in each case, whereby 
the sequence of agents and doses were randomized. One animal 
was used for each experiment. All the drugs to be tested were 
dissolved in saline and each dose, expressed in terms of the 
hydrochloride, was administered in a volume of 0.1 mL/100 g of 
body weight. The maximal decrease in mean arterial pressure 
was measured and dose-response curves were established for each 
derivative. 

The quantification of the hypotensive activity of clonidine and 
its derivatives was achieved by calculating the logarithm of the 
reciprocal dose (^mol/kg) connected to a standard response of 
a 30% decrease in mean arterial pressure (log 1/ED30). The 
dose-response characteristics were used to select this particular 
biological parameter, which in the majority of compounds tested 
resembled 50% of the maximal plateau of activity. 

Correlations. Statistical correlations between hypotensive 
activity and molecular structure were searched for by stepwise 
multiple regression analysis using a regression computer program 
of the Statistical Package for Social Science (SPSS, version 6.0). 
The method of least squares was used in deriving the equations 
with the aid of a CDC CYBER 73-28 computer. The correlation 
coefficient, r, the standard deviation, s, and the result of an F 
test, from which the significance of the correlation was calculated, 
are given. When indicated the figures in parentheses are the 95% 
confidence intervals. Stepwise inclusion of parameters was 
justified by application of the F test (p < 0.05). 
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