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1. Introduction

Benzodiazepines (BDZs) are the drugs of choice in
the pharmacotherapy of anxiety and related emo-
tional disorders, sleep disorders, status epilepticus,
and other convulsive states; they are used as cen-
trally acting muscles relaxants, for premedication,
and as inducing agents in anesthesiology. They act
via the benzodiazepine receptor site (BzR) on the
y-aminobutyric acid receptor (GABA,) family and
have been subjected to extensive quantitative struc-
ture—activity relationship (QSAR) studies.'* GABAer-
gic inhibition is one of the most rapidly developing
topics in neuropharmacology.>® New therapeutic op-
portunities arise due to increasing insights into the
molecular architecture and diversity of the compo-
nents involved in signal transduction such as GABAAa
receptors, GABAg receptors, and GABA transporters.
GABA, receptors are the major inhibitory neu-
rotransmitter receptors in the brain, in the site of
action of many clinically important drugs, and are
important drug targets representing the sites of
action of benzodiazepines, barbiturates, and neuro-
steroids. These receptors are ligand-gated chloride
channels composed of five subunits that can belong
to eight different subunit classes. All subunits pos-
sess an extracellulaar amino-terminal domain con-
taining a conserved disulfide bridge, followed by four
transmembrane segments. GABAx receptors belong
to the superfamily of pentameric ligand-gated ion
channels (“cys-loop receptors”).>® At synapses GABAa
receptors are activated by a brief nonequilibrium
exposure to high concentrations of GABA. On the
basis of the presence of 7 subunit families comprising
at least 18 subunits in the central nervous system
(0.1_5, ﬂl_g, V1-3, (5, €, 0, p1_3), the GABAA receptors
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display an extraordinary structural heterogeneity.
Most GABAA, receptor sybtypes in vivo are believed
to be composed of a-, -, and y-subunits.The benzo-
diazepine site is thought to be located at the interface
of the respective a-subunit (o;-3, os) and the vy,-
subunit. The classical benzodiazepine site is mainly
found on GABAA, receptors at the interface between
the a- and y,-subunits and can be rendered diaz-
epam-insensitive by a point mutation in the o-sub-
unit in which a histidine residue is placed by an
arginine residue in recombinant receptors.

When BDZs bind to their receptors, they appear
to induce a conformational change leading to an
increase in the availability of GABAA receptors for
GABA,, leading to higher chloride influx and hyper-

Hadjipavlou-Litina et al.

Corwin Hansch received his undergraduate education at the University
of lllinois and his Ph.D. degree in organic chemistry from New York
University in 1944. After working with the DuPont Co., first on the
Manhattan Project and then in Wilmington, DE, he joined the Pomona
College faculty in 1946. He has remained at Pomona except for two
sabbaticals: one at the Federal Institute of Technology in Zurich,
Switzerland, with Professor Prelog and the other at the University of Munich
with Professor Huisgen. The Pomona group published the first paper on
the QSAR approach relating chemical structure with biological activity in
1962. Since then, QSAR has received widespread attention. Dr. Hansch
is an honorary fellow of the Royal Society of Chemistry and recently
received the ACS Award for Computers in Chemical and Pharmaceutical
Research for 1999.

polarization. BDZs interact with two classes of rec-
ognition sites, “central” and “peripheral” (mitochon-
drial) types. Recently a novel low-affinity benzodiaze-
pine site was identified on recombinant GABAa
receptors (ayf3y2).%°

Receptors containing the a;—s-subunits in combina-
tion with any of the g-subunits and the y,-subunit
are most prevalent in the brain. These receptors are
sensitive to benzodiazepine modulation. The major
receptor subtype is assembled from the subunits
ouf2y2 (diazepam-sensitive GABA, receptors). GABAA
receptors that do not respond to clinically used
ligands, such as diazepam, flunitrazepam, clon-
azepam, and zolpidem, are of low abundance in the
brain and are largely characterized by the os- and
as-subunits (diazepam-insensitive GABAAa receptors).
L-838,417, SL65.149, and CL 284,846 are some novel
subtype-selective benzodiazepine site ligands, whereas
[EH]RY 80 can be used as a radioligand to examine
the properties of GABA, receptors containing as
subunits.5d

The central receptors located in the neuronal
tissues®’2P are functionally linked to a GABA, recep-
tor chloride ionophore complex” and are apparently
located on synaptic membranes.® Central BDZ recep-
tors mediate classical pharmacological properties
of the clinically widely used BDZs® (anxiolytic, anti-
convulsants, sedative, and muscle relaxants). The
GABA-independent®1? peripheral or “mitochondrial”
benzodiazepine receptors (MBR) have been identi-
fied in a wide range of peripheral tissues as well
as in the central nervous system,* and their subcel-
lular location has been reported to be mainly
“mitochondrial”,*2~14 nuclear,®* and in the plasma
membrane.*>1® During the past decade the MBR has
been the object of several studies aimed to under-
stand its physiological role. The peripheral benzodi-
azepine receptor (PBR) is a multimeric protein
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complex located on the outer mitochondrial mem-
brane of astroglial cells and is expressed in both
central and peripheral tissues. The physiological role
of mitochondrial BzR is still not clear. PBR-selective
ligands known to date belong to structurally unre-
lated classes of compounds such as BDZs, isoquino-
lines, imidazopyridines, 2-aryl-3-indoleacetamides,
benzofuracetamides, and benzothiazepines. They are
involved in various cellular functions such as the
inhibition of oxidative phosphorylation,® the inhibi-
tion of cell proliferation, and steroidogenesis.'®” The
BzR is unique in the way it responds to three
different types of ligands, which act as allosteric
modulators of the GABAA receptor complex. GABA-
or benzodiazepine-induced conformational changes
originate in the extracellular domain and are trans-
duced to other, allosteric binding sites and the ion
channel. The initial trigger that drives an allosteric
motion is thought to entail some rearrangement in
the binding site itself. In fact, allosteric modulators
can either enhance (agonists) or reduce (inverse
agonists) the GABAa-induced CI~ ion flux. A third
group of ligands, interacting with the allosteric site
of GABAA receptor, does not influence GABAAa-
induced ion flux but antagonizes (antagonists) the
actions of the agonists and inverse agonists. The
interrelationships of these three types of BzR ligands
can be explained on the basis of changes in the
conformation of the receptor from its unoccupied
resting state.’®'° An argument for the homogeneity
of BzR binding sites might lie in the activities
displayed after minor structural modifications of
compounds with similar binding interactions. Thus,
all compounds that bind to the BzR should have
certain common characteristics that allow for recog-
nition by the receptor regardless of the type of (in
vivo) activity. Many types of compounds have been
shown to bind at the BzR, for example, BDZs,
arylpyrazolo-quinolines, f-carbolines, imidazopy-
ridazines, and cyclo-pyrrolones. BDZs agonists are
believed to bind to sites associated with the GABAA
receptor, an ion channel linked receptor. GABAA acts
on at least two different receptor types.?°~2* The
action of BDZs seems to be restricted to synaptic
effects of GABA,, which are mediated by the GABAA
receptors. The conformational form of the receptor
complex that binds BDZs agonists (e.g., diazepam)
has a little affinity for GABA at its associated site.
In equilibrium is a conformational form of the recep-
tor complex that binds BDZ inverse agonists (e.g.,
pB-carbolines) that have a low affinity for GABAA and
thus is not associated with the opening of the
associated ion channel. Antagonist drugs at the BzR
will prevent the binding of either agonists or inverse
agonists. Currently, only two different BzR subtypes,
Bz;R and Bz;R, can be distinguished pharmacologi-
cally.

Comparative modeling (synonymous with the term
“homology modeling”) is based on the observation
that in protein families, structure is more conserved
than sequence. Due to the absence of several bulky
side chains, the volume of the benzodiazepine pocket
is larger than that of the GABAa pocket. Competitive
antagonists inhibit agonist action by binding into a
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partially overlapping pocket. Because they are larger
than agonists, the pocket geometry requires that they
extend further into the membrane-near par of the
cleft and thus block allosteric changes that possibly
involve motions on the complementary side on the
principal side.5® Molecular mechanics approaches
combined with comparative modeling may provide
additional and complementary information with re-
spect to the conformational changes proposed from
the electron crystallography study. Molecular model-
ing studies® have determined that all BDZ ligands
share the presence of an aromatic or heteroaromatic
A ring, believed to undergo n/ stacking with aro-
matic amino acid residues within the receptor, as well
as a proton-accepting group that exists in the same
plane of the aromatic A ring and interacts with a
histidine residue on the receptor. A 5-phenyl aro-
matic group, C, may contribute steric or hydrophobic
interactions with the receptor. For an agonist, sub-
stitution of the para-position on ring C is sterically
unfavorable. The amide nitrogen, its methyl sub-
stituent, and the 4,5-(methyleneimino) group are not
required for in vitro binding of ligands. Substitution
of the methylene 3-position or the imine nitrogen is
sterically unfavorable for agonist activity but does
not affect antagonists.

In continuation of our previous quantitative struc-
ture—activity relationship studies* on BDZs, we
present a new QSAR study on some non-BDZs
binding to GABAA/Bz receptors.

2. Materials and Methods

In a search for receptor-specific ligands, several
groups of compounds active for the GABAx/benzodi-
azepine receptor have been synthesized based on
pharmacophore receptor models for BzR subtypes.
These compounds have been evaluated pharmaco-
logically on recombinant GABAa/benzodiazepine re-
ceptor subtypes. A few new ligands were found to
display selectivity at one receptor subtype. However,
this evaluation provides data sets suitable for quan-
titative structure—activity analysis. The present
paper presents and analyzes comprehensively the
QSARs of only non-BDZs. In the past and recently,
many QSAR studies on classical BDZ molecules have
been reported.?2~42627 The in vitro data usually refer
to the molar concentration of compounds leading to
a 50% inhibition of [®H]diazepam or [?H]fluni-
trazepam binding to the BzR from rat brain prepara-
tions and are expressed by 1Csy values. For a valuable
study, there is a need to distinguish between the
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agonistic, antagonistic, and inverse agonistic activi-
ties of the ligands. Unfortunatey, the experimental
conditions do not allow the investigator to make such
a differentiation among the examined ligands. For
drugs acting in the central nervous system (CNS),
hydrophobicity?® is an important property. It is also
a significant factor in the susceptibility of drugs to
be attacked by the P-450 enzymes.?® Concerning the
classical BDZs, we have found in an earlier analysis*
that lipophilicity is important in the isolated receptor
interactions, as well as in the whole animal. In the
formulation of the QSAR we have used only calcu-
lated log P values, using the CLOGP program.®® The
values of substituent constants (xz, g, 0-, Es, MR, By,
Bs, and L) have been taken from the literature,3-36
and the QSAR regression analyses were executed
with the C-QSAR program.®” Multivariate linear/
nonlinear regression models were used. This tech-
nique is simple and can produce equal or better
models compared to partial least-squares or neural
network models. The equations were derived by
starting from a relatively small set of descriptors, and
this research deals with relatively small sets of
compounds, so that the choice of linear or nonlinear
multivariate regression analysis is reasonable and
most appropriate. The parameters used in this paper
have been discussed in detail along with their ap-
plications. Here we provide a brief definition. CMR
is the calculated molar refractivity for the whole
molecule. MR is calculated as we describe: (n? — 1/n?
+ 2) (MW/d), where n is the refractive index, MW is
the molecular weight, and d is the density of a
substance. MR is dependent on volume and polariz-
ability. MR values have been scaled by 0.1. MR can
be used for a substituent or for the whole molecule.
MgVol is the molar volume calculated according to
the methods of McGowan.

B;, Bs, and L are Verloop's sterimol parameters for
substituents. B, is a measure of the width of the first
atom of a substituent, Bs is an attempt to define the
overall volume, and L is the substituent length. E;
is Taft's steric constant. Clog P is a calculated
partition coefficient in octanol/water and is a measure
of hydrophobicity, and x is the hydrophobic param-
eter for substituents usually measured for substitu-
ents attached to benzene. Clog P and CMR are for
the neutral form of partially ionized compounds.

o and o~ are Hammett electronic parameters that
apply to substituent effects on aromatic systems. The
normal ¢ for substituents on aromatic systems in
which strong resonance between substituent and
reaction center does not occur is defined as o = log
Kx — log Ky, where Ky is the ionization constant for
benzoic acid (normally in water or in 50% ethanol)
and Kx is that for substituted benzoic acid. o~ is
employed when there is a strong resonance interac-
tion between substituent and reaction center. It is
defined using the ionization constants from phenols
or anilines similar to o: 0~ = log Kx — log Ky, where
K refers to the ionization of anilines or phenols.
Whereas ¢ and o~ are defined via equilibrium con-
stants, o is defined by the rate of solvolysis of
cumene chlorides in 90% acetone/10% water. ol is a
measure of the inductive effect of aliphatic substit-
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uents. Taft's o* electronic effects in aliphatic systems.
The indicator variable | is assigned the value of 1 or
0 for special features with special effects that cannot
be parametrized and has been explained wherever
used. Each regression equation includes 95% confi-
dence limits for each term in parentheses, the cor-
relation coefficient r, between observed values of the
dependent and the values calculated from the equa-
tion, the s standard deviation; g?m the square of
cross-validated correlation coefficients (a measure of
the quality of model, calculated as described by
Cramer et al.?®), is often computed in order to test
the stability of model and the F values for the
individual term. All of the derived equations were
obtained without outliers. The outliers are indicated
in the corresponding tables with an asterisk. The
fitted values (calculated) given in the tables were
calculated by using the corresponding equations. All
values given in the tables for molecules indicated as
outliers were predicted from the corresponding equa-
tion.

In Tables 1-66 we have collected several experi-
mental data from non-BDZ molecules that we could
find for sets large enough for a meaningful analysis.
These results were obtained for each case from a
different laboratory.

3. Results and Discussion: QSAR Evaluation

3.1. 1,3-Diarylpyrazolo[4,5-c]quinolin-4-ones

Q,
oL o

The great structural differences among nonbenzo-
diazepine compounds with affinity for the BzR make
it difficult to generalize the molecular requirements
of the recognition site of the receptor itself. Conse-
guently, in an effort to elucidate these requirements
Palazzino et al.?® reported the synthesis of some 1,3-
diarylpyrazolo[4,5-c]quinolin-4-ones and their abili-
ties to displace specific [*H]flunitrazepam binding
from bovine brain membranes (Table 1). The data
were used to derive eq 1. The most important
parameter is term mx-3, which substantiates our
other correlations as to the importance of the hydro-
phobic effect and shows that only substituents in
position 3 of the phenyl ring contact hydrophobic
space.

log 1/ICy, = 1.588 (+0.365)m,_; +
1.354 (+£0.266)l,, + 4.516 (+0.229) (1)

n=12 r*=0962 ¢°=0933 s=0204 F,q=114.456 a=0.1

The indicator variable Iy takes the value of 1 for Y =
CHjs. Log P cannot be used to correlate the above
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Table 1. ICso Inhibition®® of [*H]Flunitrazepam
Binding to Brain Membranes: Compounds and
Physicochemical Parameters for Derivation of

Equation 1
obsd calcd

no. X Y log 1/ICso log 1/1Cso Alog 1/1Cs0  7x; v
1 H H 4.678 4.516 0.162 0.000 O
2 3ClI H 5.523 5.643 —0.121 0.710 O
3 3Br H 5.824 5.882 —0.058 0.860 O
4 3-Me H 5.523 5.405 0.118 0.560 O
5 4Cl H 4.523 4.516 0.007 0.000 O
6 4-Me H 4.409 4516 —0.107  0.000 O
7 H Me  5.509 5.870 —0.362 0.000 1
8 3-CIl Me 7.155 6.998 0.157 0710 1
9 3-Br Me 7.000 7.236 —0.236 0.860 1

10 3-Me Me  7.046 6.759 0.286 0.560 1

11 4ClI Me 5.936 5.870 0.065 0.000 1

12 4-Me Me  5.959 5.870 0.088 0.000 1

data. Compounds containing a 4-substituent (Cl,
CHpy) are reasonably well fit without any parametri-

zation.

3.2. Imidazo[1,2-a]pyrimidin-2-ylphenylmethanones

Ry
Ry

R3 N N
=~
WCO
T @

Table 2 contains data“® for a group of imidazo[1,2-

a]pyrimidin-2-ylphenylmethanones and related com-
pounds that inhibit the binding of [*H]flunitrazepam
from rat brain preparations. From them the following
QSAR has been developed.

log 1/1C5, = 0.606 (£0.170)7g_, +
0.953 (i0.348)IR3 + 6.401 (£0.206) (2)
n=19 r’=0.829 @*=0.748

$§=0257 F,,,=3895 a=001

One data point (R, = C;Hs, R3 = OCH3, compound
20) is poorly predicted and was omitted in the
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development of eq 2. In these equations g, applies
to R, in position 5 of the pyrimindine ring. Ir, takes
the value of 1 for five compounds in which R; = SCH3,
whereas compounds containing an R; = OCHj3 group
are well fit. The lipophilic contribution of group R,
is the most important factor in the QSAR 2.

3.3. p-Carbolines

Rs
Ry

The p-carbolines possess a broad spectrum of
pharmacological actions mediated via occupation of
BzR in the central nervous system. Many of these
ligands displayed better selectivity for the o1 subunit
containing GABA, isoform. QSAR studies of binding
affinities of 44-f-carbolines for each receptor subtype
have been carried out via acomparative molecular
field analysis and a volume analysis. Geometries and
charge distributions have been optimized using ab
initio methods. The results support that g-carbolines
with different intrinsic activities may follow an
alternative alignment rule when they bind into the
pharmacophore/receptor site of the BzR.*!

From the data*?2b43 in Table 3 several 3-carbolines
with or lacking a carbonyl group at position 3, the
following correlation has been developed.

log 1/ICy, = 0.648 (+£0.244)L, +
1.251 (+0.806)0,_, + 4.306 (+£1.102) (3)

n=16 r*=0.850 ¢°=0724 s=0535 F,;;=20.8 a=0.01

The length of the 3-substituents is the most impor-
tant factor in QSAR 3. Log P could not be used to

Table 2. ICso Inhibition*° of Imidazo[1,2-a]pyrimidines against to [*H]Flunitrazepam Binding to Brain
Membranes: Compounds and Physicochemical Parameters for Derivation of Equation 2

no. substituents Ry, Ry, Rs obsd log 1/1Csg calcd log 1/1Csg Alog 1/1Cso TR, Ir,
1 R1 = Me, R; = CH,CH=CH;, R; = SMe 8.097 8.021 0.076 1.10 1
2 R1 = Me, R, = Et, R; = SMe 7.921 7.693 0.0227 0.56 1
3 R1 = Me, R, = CH,C;Hs, R; = OMe 7.523 7.298 0.225 1.48 0
4 R; = Et, R, = Pr, R3 = OMe 7.469 7.340 0.128 1.55 0
5 R: = Et, R, = But, R3 = OMe 7.469 7.692 —0.223 2.13 0
6 Ri = Me, R, = But, R; = OMe 7.377 7.692 —0.315 2.13 0
7 R; = Et, R, = CH,CH=CH,, R; = OMe 7.377 7.068 0.309 1.10 0
8 R; = Me, R, = CH,CH=CH3, R3 = OMe 7.347 7.068 0.279 1.10 0
9 R; = Et, R, = Pr, R3 = OMe 7.328 7.340 —0.013 155 0
10 R, = Et, R, = Et, R3 = OMe 7.252 7.019 —0.270 1.02 0
11 Ri1 = Me, R; = Pr, R3= OMe 7.071 7.340 —0.303 155 0
12 Ri1 = Pr, R,=H, R3= SMe 7.051 7.354 0.000 0.00 1
13 R; = Et, R, = Et, R3= OMe 6.971 7.019 —0.049 1.02 0
14 Ri1 = Me, R;= H, R3 = SMe 6.721 6.401 0.320 0.00 0
15 R: = Et, R,= H, R3= OMe 6.530 6.401 0.129 0.00 0
16 R: = But, R,= H, R;= OMe 6.469 6.401 0.068 0.00 0
17 Ri1 = Pr, R;=H, R3= OMe 6.272 6.401 —0.129 0.00 0
18 Ri1 = Me, R;=H, R3= OMe 6.097 6.401 —0.304 0.00 0
19 R1 = Me, R;= OMe, R;= OMe 6.000 6.389 —0.389 —0.02 0
202 Ri1 = H, R;= Et, R3 = OMe 5.824 7.019 —1.195 1.02 0

a Data point not included in equation derivation.
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Table 3. ICso Inhibition*?2043 of [BH]Diazepam Binding to the Benzodiazepine Receptors: Compounds and

Physicochemical Parameters for Derivation of Equation 3

no. substituents R, Ry, Rz, R3 obsd log 1/1Cso  calcd log 1/1Cso Alog 1/1Cs0 2034 Ls
1 R=R;=R;=H,R;=Cl 7.350 6.873 0.477 0.23 3.52
2 R=R; =R;=H, R3 = NO2 6.900 7.510 —0.610 0.78 3.44
3 R=R;=R;=H,R;=NCS 8.100 7.560 0.540 0.38 4.29
4 R=R;=R;=H,R;=COO0OMe 8.300 7.932 0.368 045 4.73
5 R=R;=R;=H,Rz;=H 5.790 5.640 0.150 0.00 2.06
6 R=R;=R;=H, R;=OMe 6.910 6.545 0.365 -0.27 3.98
7 R=R; =R, =H, R; = OEt 7.620 7.114 0.506 —0.24 4.80
8 R=R; =R;=H, R3 = OC3Hy 7.960 7.911 0.049 —-0.25 6.05
9 R=R;=R;=H,R;=NH; 4.600 5.280 —0.680 —-0.66 2.78
10 R=R;=R;=H,R;=0H 5.400 5.617 -0.217 -0.37 274
11 R; = COOEt, R; = CH,OMe, R = OCH,CsHs, R, = H 9.000 8.823 0.177 0.53 5.95
12 Rz = COOEt, Ry = CH,OMe, R=0H, R, = H 9.050 8.823 0.227 0.53 5.95
132 R3; = COOEt, R; = CH,OMe, R = OCH,C¢Hs, R, = Me 6.020 8.823 —2.803 0.53 5.95
14 Rz;= COOEt, R; = CH,OMe, R =0OMe, R, = H 9.300 8.823 0.477 0.53 5.95
15 R; = COOEt, R; = —CH,OMe, R=R,=H 8.64 8.823 —0.183 0.53 5.95
16 R; = COOEt, R; = Et, R = OCH,CsHs, R, = H 7.660 8.635 —0.975 0.38 5.95
17 R; = COOEt, R = OCH,CeHs, R1 = R, = H 8.050 8.722 —0.672 045 595

a Data point not included in equation derivation.

correlate the data; o3-4 applies to R in positions 3
and 4 of the S-carboline ring.

Compounds containing 6-OCH,CsHs, 6-OCH3, and
6-OH as substituents are reasonably well fit without
any parametrization. Whereas one data point (no. 13)
containing a 9-CHs; group was not employed in
deriving eq 3. Electronic interactions occur with the
3 and 4 substituents of the S-carboline ring.

Previous studies* on the structure activity of -car-
bolines had indicated that an ester moiety was
required at position 3 in order for the compound to
display high affinity for the BzR (as inverse agonist)
and that a negative steric effect occurs with the group
in the 1-position* (eq 4).

log 1/K; = 2.10 (+0.61)E,, + 1.60 (+0.80)I, +
1.06 (+0.75)7, + 6.52 (+0.74) (4)

(1, takes 1 for a 3-CO— group)

n=14 r=0.955 r’=00911 s=0.605

3.4. N-(Indolo-3-yl-glyoxyl) Amino Derivatives

R
COCONH(liHR'
cooz
NH

Table 4 contains data*“> for a group of some
N-(indolo-3-yl-glyoxyl) amino derivatives acting as
inverse agonists in vitro from which we have derived
eq 5.
log 1/1Cg, = 1.260 (+0.331)I + 0.568 (+0.387)Il, , —

0.451 (£0.347)l + 1.497 (+0.457)0 +

0.990 (+£0.292)1, + 3.621 (+0.314) (5)

n=39 r2=0826 ¢°=0.761 s=0444 Fz;=3147 o=001

In these equations or applies to R in the 5-position
of the indole ring. Attempts to parametrize R’ except

in terms Iz and Ig were unsuccessful.  also was not
a useful parameter. I; takes the value of 1 for
compounds in which Z = C,Hs and Ig = CH,CgHs. Ip
takes the value of 1 for the 16 p forms of the amino
acid moiety of the compounds, and I, p takes the value
of 1 for the racemic form. Three data points were
omitted in this analysis. One (no. 15) was in the
racemic form, whereas the others (no. 16 and 18)
were the b form of the amino acid. Again, we find
hydrophobic effects to be absent, which emphasizes
the differences in binding mode for this class of
compound compared to the classical BDZs. It is
of interest that the benzylamine moiety for the
compounds in Table 4 produces drugs that are less
active than does the methyl moiety of the congeners
in the same table.

3.5. p-Carbolines
R;

N
b
Ry Ry

For another series of 3-carbolines,*6~*® which has
been found to displace [*H]flunitrazepam (10 uM)
from binding to rat cerebral cortical membranes, the
following QSARs (Table 5) have been derived.

log 1/ICg, = —0.903 (£0.378)B_p_—
0.871 (+0.454)Clog P + 0.599 (£0.219)L¢_+
8.183 (+1.345) (6)

n=16 r’=00914 ¢*=0859 s=0440 F;;,=4234 a=001

Stepwise regression shows that the most important
terms are the two sterimole parameters Bs_g, and
Lr,. Bs-gr, expresses the largest width of R; substit-
uents. At this position, increasing bioactivity (com-
pound 16, whereas 1 > 15, 17 > 16) while increasing
the length Lgs of substituents Rz increases potency.
Compound 14 was omitted from the derivation of eq
6.
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Table 4. ICso Inhibition of [*H]Flunitrazepam Binding to Benzodiazepine Receptor:*“> Compounds and

Physicochemical Parameters for Derivation of Equation 5

substituents R, R, Z

obsd log 1/1Csg

S
=
o
=
Q
x
N

calcd log 1/1Csp  Alog 1/1Csp |

no.
1 R=H,R =CHj, Z=C;Hs (L, D) 4.89 5.178 —0.288 0 1 0 0 1
2 R =H, R'=CHjs;, Z = C;Hs (D) 5.13 5.871 —-0.741 1 0 0 0 1
3 R=H,R' =CHj, Z=C,Hs (L) 4.77 4.611 0.159 0 0 0 0 1
4 R =Br, R' = CHs;, Z = C;Hs (L, D) 5.32 5.523 —0.203 0 1 0 023 1
5 R =Br, R' = CH3, Z = C;Hs (D) 6.74 6.215 0.525 1 0 0 0.23 1
6 R =Br, R' = CHj;, Z=CyHs (L) 4.29 4.955 —0.665 0 0 0 023 1
7 R =CIl, R" = CHjs, Z= C;Hs (L, D) 6.30 5.523 0.777 0 1 0 023 1
8 R=CIl,R =CHjs, Z=C;Hs (D) 6.82 6.215 0.605 1 0 0 023 1
9 R=CI,R"=CHjs, Z=C,Hs (L) 4.60 4.955 —0.355 0 0 0 023 1
10 R =NO, R' = CH3s, Z = C;Hs (L, D) 6.70 6.346 0.354 0 1 0 078 1
11 R =NO, R' = CHgs, Z = C;Hs (D) 7.15 7.038 0.112 1 0 0 0.78 1
12 R =NO, R' = CHs, Z = CyHs (L) 5.52 5.778 —0.258 0 0 0 078 1
13 R = OCHgs, R' = CHj3, Z = C;Hs (D) 6.05 5.466 0.584 1 0 0 -027 1
14 R = OCHgs, R' = CHj3, Z = CoHs (L) 3.96 4.207 —0.247 0 0 0 -0.27 1
152 R =Br, R' = CH,CsHs, Z = C;Hs (L, D) 3.74 5.071 —1.331 0 1 1 0.23 1
162 R =Br, R' = CH,CsHs, Z = C;Hs (D) 4.26 5.763 —1.503 1 0 1 023 1
17 R = Br, R' = CH,C¢Hs, Z = CoHs (L) 3.66 4.504 —0.844 0 0 1 023 1
182 R =CI, R' = CH,C¢Hs, Z = C,Hs (D) 4.42 5.763 —1.243 1 0 1 023 1
19 R =CI, R" = CH,CsHs, Z = CyH5 (L) 4.35 4.504 —0.154 0 0 1 023 1
20 R = NO,, R' = CH,C¢Hs, Z = C,Hs (D) 7.00 6.587 0.413 1 0 1 078 1
21 R = NO,, R' = CH,C¢Hs, Z = CoHs (L) 5.55 5.327 0.223 0 0 1 078 1
22 R=H,R"=CHj3; Z=H (L, D) 3.98 4.188 —0.208 0 1 0 0 0
23 R=H,R"=CH; Z=H (D) 4.32 4.881 —0.561 1 0 0 0 0
24 R=H,R"=CH;3; Z=H (L) 3.52 3.621 —0.101 0 0 0 0 0
25 R=Br,R'=CHs;, Z=H (L, D) 4.40 4.533 —0.133 0 1 0 023 O
26 R=Br,R'=CHs;, Z=H (D) 5.16 5.225 —0.065 0 0 0 023 O
27 R=Br,R'"=CHs;, Z=H (L) 4.10 3.965 0.135 0 0 0 023 O
28 R=CI,R"=CH3;, Z=H (L, D) 4.66 4.533 0.127 0 1 0 023 O
29 R=CI,R"=CH3; Z=H (D) 5.30 5.225 0.075 0 1 0 023 O
30 R=CILR"=CH3 Z=H (L) 4.34 3.965 0.375 0 0 0 023 O
31 R =NO,, R"=CHs, Z=H (L, D) 5.21 5.356 —0.146 0 1 0 0.78 0
32 R =NO,, R"=CH;, Z=H (D) 5.52 6.048 —0.528 1 0 0 078 O
33 R =NO;, R'"=CHs;, Z=H (L) 4.72 4.788 —0.068 0 0 0 078 O
34 R =0CH; R'=CHj;, Z=H (D) 4.66 4.477 0.183 0 1 0 -0.27 0
35 R=O0CH3; R =CH3 Z=H(L) 3.77 3.217 0.553 0 0 0 -027 O
36 R =Br, R' = CH,C¢Hs, Z=H (L, D) 3.80 4.081 —0.281 0 1 1 023 O
37 R = Br, R' = CH,C¢Hs, Z = H (D) 4.22 4.774 —0.554 1 0 1 0.23 0
38 R =Br, R' = CH,C¢Hs, Z = H (L) 3.61 3.514 0.096 0 0 1 023 O
39 R =CI, R"=CH,C¢Hs, Z=H (D) 4.92 4.774 0.146 1 0 1 0.23 0
40 R=CI,R'"=CHCsHs, Z=H (L) 4.32 3.514 0.806 0 0 1 023 O
41 R = NO,, R' = CH,C¢Hs, Z = H (D) 5.40 5.597 —0.197 1 0 1 0.78 0
42 R =NO,, R" = CH,CgHs, Z =H (L) 4.68 4.337 0.343 0 0 1 0.78 0
a Data points not included in equation derivation.
Table 5. ICsg Antagonistic Activity on Benzodiazepine Receptors by Carbolines:*6~4 Compounds and
Physicochemical Parameters for Derivation of Equation 6
no. substituents Ry, Rs, Ro obsd |Og 1/1Cxq calcd |Og 1/1Csg Alog 1/1Csq ClOg P BS—R1 LR3
1 R; = COOMe, R1 = Rg=H 8.300 8.141 0.159 2.266 1 4.73
2 R3; = COOC;Hs, R1i = Rg=H 8.300 8.411 —-0.111 2.795 1 5.95
3 R; = OC;Hs, Ri = Rg=H 7.62. 7.105 0.515 3.503 1 4.80
4 R; = OCHMe;,, R; = Rg=H 6.290 6.836 —0.546 3.812 1 4.80
5 R3; = OC4Hg, R1 = Rg=H 7.010 7.418 —0.408 4.561 1 6.86
6 R3; = OCHj3, Ri1=Rg=H 6.910 7.075 —0.165 2.97 1 3.98
7 R; =0C3H7, Ri =Rg=H 7.960 7.393 0.567 4.032 1 6.05
8 R;=COC3H;, Ri=Rg=H 7.640 7.605 0.035 3.837 1 6.12
9 R; =C4Hg, Ri=Rg=H 6.640 6.932 —0.292 4.645 1 6.17
10 R;=H,Ri=Rg=H 5.790 6.286 —0.496 2.559 1 2.06
11 R; = COOCMe;, R1 = Rg=H 8.000 7.794 0.206 3.503 1 5.95
12 R;=ClLR1=Rg=H 7.350 6.517 0.833 3.298 1 3.52
13 R; =NO2, Ri =Rg=H 6.900 7.195 —0.295 2.464 1 3.44
142 R; = COOCH,CMe3, Ri =Rg=H 6.120 7.357 —1.237 4.122 1 6.12
15 R; = COOMe, R; = CoHs, Rg=H 5.120 5.287 —0.167 3.294 3.17 4.73
16 R;=H,R; =CyHs, Ro = H 3.600 3.432 0.168 3.587 3.17 2.06
17 R;=H,R; =CHj3, Ry =H 4.910 4.913 —0.003 3.058 2.04 2.06

a Data point not included in equation derivation.

3.6. p-Carbolines

In Table 6 are presented some more substituted
B-carbolines,*® for which a QSAR study by Borea et
al.*® showed the influence of lipophilic character and
hydrogen-bonding capability of substituents in posi-
tion 3 as an indicator variable I;. Indicator variable
1, was used by Borea for the compounds characterized
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Table 6. ICs Binding Affinities of f-Carbolines to the Benzodiazepine Receptor Measured as Concentration
Required To Displace 50% of [*H]Flunitrazepam:* Compounds and Physicochemical Parameters for Derivation

of Equation 10

no. substituents calcd log 1/1Csg obsd log 1/1Csg Alog 1/1Cso Clog P lch,
1a 3-COOH —1.49 —1.03 2.52 —0.743 0
2 1-CHs —0.450 —1.86 1.41 1.728 1
3 1-CHjs, 7-OCH3 —1.980 —1.81 -0.17 1.831 1
4 1-CHjs, 7-OH —1.90 —2.20 0.30 1.061 1
5 3-CH,OH 1.591 1.67 —0.08 0.525 0
6 3-COOCHg3 2.097 2.00 0.10 1.174 0
7 3-COOC;Hs 2.155 2.26 -0.11 1.703 0
8 3-COOC;3Hy 1.921 2.53 —0.61 2.232 0
9 3-COOCHj3, 4-C,Hs, 6,7-di-OCHj; 2.40 2.37 0.03 1.924 0
10 3-COOCH3, 4-CH,0CHg;, 5-OCH,CsHs 2.959 2.71 0.24 2.606 0
11 3-COOCHj3, 4-CHgs, 5-OCH(CH3), 2.960 2.96 0 3.087 0
12 3-COONHCH3; 1.780 1.61 0.17 0.412 0
13 1-CHgs, 7-OCHg3 —2.813 —-1.81 -1.0 1.831 1
14 1-CHjs, 7-OH —2.748 —2.20 —0.55 1.061 1
15 3-COOC;Hs, 3-CH,0OCH3, 6-OCH,CsHs 2.959 2.71 0.24 2.606 0
162 H -1.0 2.01 -3.01 1.209 0

a Data points not included in equation derivation.

in position 3 by substituents able to accept a hydro-
gen bond The role of the lipophilic character was
expressed as Rp, values by the HPTLC determina-
tions and as log K' values by the HPLC measure-
ments. The log P values for harman, harmine, and
norharman were determined at pH 13.0 in octanol/
water. The log P values of the other carboline
derivatives were calculated from the experimental log
P values of norharman, by taking advantage of the
additive property of the Hansch & values. The inves-
tigators* did not provide the g? values for eqs 7—9
in order to test the quality of model.

log 1/1Cy, = —4.784 (+£0.376) +
1.089 (+0.120)R,, + 3.132 (40.244)1, (7)

n=16 r=0.981 s=0.455 F=168.62 p < 0.005

log 1/1Cg, = —4.300 (+0.444) +
1.175 (+0.177) log K’ + 2.917 (+£0.328)1, (8)

n=16 r=0.969 s=0.588 F=98.33 p <0.005

log 1/1Cs, = —3.401 (+0.257) +
0.663 (40.074) log P + 3.136 (+0.247)1, (9)

n=16 r=0.981 s=0.459 F=16552 p <0.005
From the same data*® we derived eq 10

log 1/1Cs, = 0.502 (0.474) Clog P —
4.138 (£0.751)l¢yy, + 1.405 (£0.963) (10)

n=14 r’=0939 ¢°=0.904 s=0.600F,;; =849 a=0.01

Two data points, compounds 1 and 16, were rejected
from the derivation of eq 10. Clog P values are the
theoretically calculated lipophilicity values using the
C-QSAR program. An indicator variable Icn, with a
value of 1 was used for the compounds bearing a CHj3
in position 1. The negative coefficient associated with
the indicator variable seems to indicate that a methyl
group in that position decreases receptor binding
affinity. The existence of a region of steric hindrance
around the heterocyclic nitrogen atom in position 1

is possible. No collinearity was shown between the
independent variables. The previous investigators did
not find any significant improvement in their equa-
tions with the introduction of lcn,. When our ap-
proach was used, no role was found to exist for their
indicator 1, (eq 9).

3.7. 6,9-Disubstituted Purines

N(CH;),
N7 N
R
K [ > R,
NT N
CH,

Compounds of diverse structure bind to the BzR.34
Purines were proposed as possible endogenous ligands,
and several papers describe structure—activity stud-
ies on the interaction of purines with the BzR.%627
Several 6,9-disubstituted purines*:505! were tested
for their binding activity to the BzR in rat brain
tissue. The I1Cs values represent inhibition of specific
binding of 1.5 nM [*H]diazepam to rat brain recep-
tors. From these results in Table 7 eq 11 has been
derived.

log 1/1Cs, = 0.446 (+0.197)Bg_p_+
0.608 (+£0.402)7, — 0.527 (+0.358)75 +
4,567 (+£0.410) (11)

n=28 r’=0767 q°=0669 s=0467 F,,,=26.33 a=001

The collinearity among the parameters is minimal.
The three data points, compounds 20, 21, and 23, not
included in this analysis, are marked in Table 7. They
do not contain any unusual substituents. For com-
pound 23 parameter Bs-g, has the higher value
(4.130). Correlation 11 is rather poor. Again, no role
for an electronic effect was found. It is likely that R,
substituents do contact a hydrophobic space on the
receptor, whereas the negative coefficient with g,
shows that there is a need for a less lipophilic R;
substituent.
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Table 7. ICso Inhibition of of [(H]Diazepam Binding to Rat Brain Benzodiazepine Receptors:*+%051 Compounds and
Physicochemical Parameters for Derivation of Equation 11

no. substituents Ry, R» obsd log 1/1Cso calcd log 1/1Cso Alog 1/1Cs Bs-r, TR, TR,
1 Ri=R;=H 4.890 5.013 —0.123 1 0 0.00
2 R;=Br,R;=H 5.520 5.536 —0.016 1 0.86 0.00
3 R;=CHs3 R, =H 5.070 5.353 —0.283 1 0.56 0.00
4 R; =0CH3; R, =H 5.270 5.004 0.269 1 —0.02 0.00
5 R; = N(CHj3)2, R, = H 5.240 5.122 0.118 1 0.18 0.00
6 R1 = NHCH3, R, = H 4.770 4.727 0.043 1 —0.47 0.00
7 Ri1=H, R; = 3-NH 6.050 6.094 —0.049 1.97 0.0 —-1.23
8 Ri = Br, R, = 3-NH; 6.960 6.617 0.343 1.97 0.86 —-1.23
9 R1 = CIl, Rz = 3-NH> 6.720 6.526 0.194 1.97 0.71 —-1.23
10 R1 = OCHjs, R, = 3-NH;> 6.000 6.082 —0.082 1.97 —0.20 —-1.23
11 R1 = N(CHj3)2, R, = 3-NH> 6.220 6.204 0.016 1.97 0.18 —1.23
12 Ri1 = NHCH3, R; = 3-NH> 5.140 5.809 —0.669 1.97 —0.47 —1.23
13 R; = OH, R, = 3-NH; 5.740 5.687 0.053 1.97 —0.67 —0.98
14 R: =H, R, = 3-NHCHO 7.470 6.694 0.776 3.61 0.00 —0.98
15 R; = Br, R, = 3-NHCHO 7.960 7.217 0.743 3.61 0.86 —0.98
16 R:1 = N(CHj3)2, R = 3-NHCHO 6.960 6.803 0.157 3.61 0.18 —0.98
17 R: = NHCHjs;, R, = 3-NHCHO 6.440 6.408 0.032 3.61 —0.47 —0.98
18 R: = OH, R, = 3-NHCHO 6.890 6.287 0.603 3.61 —0.67 —0.97
19 R:1 = Br, R, = 3-NHCOCH; 6.080 7.211 —1.131 3.61 0.86 0.49
202 R: = Br, R, = 3-NHCOC¢Hs 5.100 6.486 —1.386 3.71 0.86 —0.52
212 R: = Br, R, = 3-NHCOOCHg3; 5.280 7.144 —1.864 3.99 0.86 -1.3
22 R: = Br, R, = 3-NHCONH; 7.600 7.385 0.215 3.61 0.86 —1.18
232 R:1 = Br, R, = 3-NHSO,CH3 5.820 7.554 —1.734 4.13 0.86
24 Ri=H,R,=3-F 5.140 5.095 0.045 1.350 0.00 0.14
25 R: =H, R, = 3-CH,OH 5.300 6.314 —1.014 2.70 0.00 —1.03
26 R; =H, R, = 3-OH 5.920 5.781 0.139 1.93 0.00 —0.67
27 R: = H, R, = 3-OCOC(CHs3)s 5.800 6.259 —0.459 4.030 0.00 0.2
28 R: =H, R, = 3-OCOCHg3 6.360 6.546 —0.181 3.670 0.00 —0.64
29 Ri=H,R;=2-F 5.270 4.939 0.331 1 0.00 0.14
30 R; =H, R, =2-Cl 4.890 4.639 0.251 1 0.00 0.71
31 R; =H, R, = 2-OCHgs 4.700 5.024 —0.324 1 0.00 —0.02
a Data points not included in equation derivation.
Table 8. ICso Inhibition of Specific Binding of [*H]Diazepam to Rat Brain of Benzodiazepine Receptors:>?
Compounds and Physicochemical Parameters for Derivation of Equation 12
no. substituents Ry, Rz, R3, Ry obsd log 1/1Cso  calcd log 1/1Csg  Alog 1/1Csg Bir, lsar s
1 R]_ = G-NMez, R3 = 3-NH2, Rz = R4 =H 4.886 4.870 0.016 1 0 0
2 Ri1=6-NMe;, R, =R3;=Rs=H 6.046 6.180 —0.135 1.35 0 0
3 Ri;=6-NMey, R, = R3=H, Ry =8-Br 5.523 5.940 —0.417 1 1 0
4  R;=6-NMez, R4 =8-Br, R3 = 3-NH,, R, = H 6.959 7.250 —0.292 1.35 1 0
5 Ri;=6-NMey, Ry = 8-Br, R3 = 3-NHCHO, R, = H 7.959 7.250 0.708 1.35 1 0
6 R]_ = 6-NM82, R2 = CH3 (S), R3 = R4 =H 5.678 5.709 —0.031 1 0 1
7 Ri1=6-NMez, R, = CH3(R), R3=Rs=H 4.000 4.031 —0.031 1 0 -1
8 R1=6-NMe;, R, = CH3 (R, S), R3 = 3-NH; 6.796 6.180 0.616 1.35 0 0
9 R;=6-NMey, Ry =8-Br, R, = CH3(R, S), R3 = 3-NH; 6.284 7.25 —0.966 1.35 1 0
102 R;=6-NMey, R3=3-OH,R, =Rs=H 5.921 6.180 —0.259 1.35 0 0
11 R;=6-NMey, R3 =3-OCOMe, R, =Rs=H 6.357 6.180 0.176 1.35 0 0
12 R3=6-OH,Ri=R;=Rs=H 4.721 4.870 —0.149 1 0 0
13 R3=6-SMe,Ri=R;=Rs=H 5.481 4.870 0.612 1 0 0
14 R;=6-NMey, R, =CH3(R, S), Rs=3-OH,Rs=H 6.319 6.180 0.138 1.35 0 0
15 R;=6-OH,R;=CH3(R, S), R3=3-OH,R;=H 5.658 6.180 —0.523 1.35 0 0
16 R;=6-SMe, R, =CH3(R, S),R3=0H,R;,=H 5.921 6.180 —0.259 1.35 0 0
17 R;=6-NMey, R, = CH3(R, S), Rs = 3-OCOMe, Rs=H 6.420 6.180 0.240 1.35 0 0
18 R;=6-SMe, R, =CH3(R, S), R3=3-OCOMe, Rs = H 5.770 6.180 —0.411 1.35 0 0

a Data point not included in equation derivation.

3.8. a-Methyl Analogues of the Benzyl-purines

Ry

N7 N

e ™
CHR,

R;

From the data in Table 8, concerning a-methyl
analogues of the benzyl-purines,® eq 12 was derived.

The 1Cs values are the concentration at which
specific binding of 1.5 nM [®H]diazepam to rat brain
receptors was decreased by 50%. Increased potency
of the compound as an inhibitor of [*H]diazepam
binding was assumed to reflect increased affinity of
the agent for the receptor.

log 1/1Cq, = 3.744 (+1.588)B, ¢ +

1.070 (+0.697)l4_g, + 0.839 (£0.634)1, +
1.126 (£1.967) (12)

n=17 r’=0832 ¢*=0702 s=0415 F;;3=21.409 o=0.01

B1-r, models the minimum width of Rz substituents.
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Table 9. ICso Inhibition of the 10-Substituted 7,12-Dihydropyridodiindoles against [*H]Diazepam Binding to the
Benzodiazepine Receptors:®*%* Compounds and Physicochemical Parameters for Derivation of Equation 13

no. substituents R, X obsd log 1/1Csp calcd log 1/1Csg Alog 1/1Cso MR3 Fa Rr T

1 R=H,X=H 8.400 8.052 0.348 0.103 0 0 0

2 R=H,X=3-F 8.220 8.088 0.132 0.092 0 0 0

3 R=H, X =3-Cl 5.670 6.398 —0.728 0.603 0 0 0

4 R=H, X=3-Br 6.130 5.456 0.674 0.888 0 0 0

5 R=H, X=3-CHs; 6.650 6.524 0.126 0.565 0 0 0

6 R =H, X =3-0OCHs; 6.050 5.790 0.260 0.787 0 0 0

72 R =H, X =3-OCH,CsHs 5.800 —2.252 8.050 3.219 0 0 0

8 R =H, X=3-OH 6.940 7.450 0.510 0.285 0 0 0

9 R=H,X=1-F 7.920 7.876 0.064 0.103 0 0 0.14
10 R=H, X=1-Cl 7.100 7.160 —0.060 0.103 0 0 0.71
11 R=H,X=1-Br 7.550 6.971 0.579 0.103 0 0 0.86
12 R=H, X=1-CHs; 7.080 7.348 —0.268 0.103 0 0 0.56
13 R=H,X=2-F 8.160 8.052 0.108 0.103 0 0 0
14 R=H, X=2-Cl 8.000 8.052 —0.052 0.103 0 0 0
15 R=H,X=2-Br 7.720 8.052 0.332 0.103 0 0 0
16 R=H, X=2-CHs; 8.090 8.052 0.038 0.103 0 0 0
17 R =H, X =2-OCHjs 8.090 8.052 0.038 0.103 0 0 0
18 R=H, X=2-OH 8.220 8.052 0.168 0.103 0 0 0
192 R = H, X = 2-OCOCF3 6.700 8.052 —1.352 0.103 0 0 0
20 R=H, X =4-Cl 6.150 5.985 0.165 0.103 0.42 0 0
21 R =H, X =4-OCHg; 6.600 6.625 0.025 0.103 0.29 0 0
22 R=H, X =4-0OH 6.240 6.428 —0.188 0.103 0.33 0 0
23 R=NO,;, X=H 8.400 8.197 0.203 0.103 0 0.13 0
24 R = NO,, X = 3-CI 5.930 6.543 —0.613 0.603 0 0.13 0
252 R = NO,, X = 2-Cl 6.900 8.197 —-1.297 0.103 0 0.13 0
26 R=NH,; X=H 7.360 7.226 0.134 0.103 0 -0.74 0
27 R = NH,, X = 2-ClI 7.010 7.226 0.216 0.103 0 —-0.74 0
28 R=Br,X=H 8.220 7.806 0.360 0.103 0 -0.22 0
29 R=CI, X=1-Cl 6.510 6.948 0.438 0.103 0 -0.19 0.71

a Data points not included in equation derivation.

The indicator variable Igg, = 1 for R4 = 8-Br groups
(O for other substituents), which are more potent; I
= 1 for the congener in the S configuration, whereas
itis —1 for the R enantiomer, which is the less active
congener. No parametrization for R; substituents has
been done. However, all fit the pattern of QSAR 12.
No evidence for a hydrophobic effect of the substit-
uents has been found for these studies. One data
point was omitted in eq 12, and it was a racemic
analogue.

3.9. 7,12-Dihydropyrido[3,2-b][5,4-b]diindoles

/X

Table 9 contains data for some 7,12-dihydropyrido-
[3,2-b][5,4-b]diindoles.535* Their effect as 1Cso values
measured against [*H]diazepam and [*H]fluni-
trazepam at 10 uM (to define nonspecific binding)
was correlated with z,, MR3, F, and R in QSAR 13.

log 1/ICy, = —1.256 (+0.624)7, —
3.307 (+£0.700)MR, — 4.921 (+1.434)F, +
1.116 (+£0.769)Ry, + 8.392 (+£0.277) (13)

n=26 r’=0850 q°=0.745 s=0.374F,, =29.96 o=0.01

The parameters are reasonably orthogonal. Three
data points (7, 19, and 25, Table 9) are omitted in
the development of the above equations, and of these,
compound 7 has the higher value for parameter MRs.
MR represents the molar refractivity of substituents
[MR = (#? — 1/ 5?> — 2) x MW/d, where 7 is the index
of refraction]. It is primarily a measure of volume
with a small component of polarizability. MR; is the
most important parameter, and its negative sign
suggests steric hindrance either directly or through
a conformational change in the receptor. The large
coefficient clearly indicates that large groups hinder
the binding of derivatives to the receptor or a differ-
ent binding mode or a different receptor for these
congeners compared with classical BDZs. Again, we
find a negative hydrophobic effect (72). The Swain—
Lupton factor F for inductive field electronic effect
refers to substituents in position 4 (three compounds
only) and improves the equation. Rg, the Swain—
Lupton parameter for resonance electronic effect,
refers to Ry substituents. Electron-releasing substit-
uents at position 10, which potentiates the acidity of
the indole (N-7)-H, strongly support a hydrogen-
bonding interaction at the active site. Adding a term
in 71; or MR, does not improve the correlation, so that
hydrophabic or steric effects of R in position 1 appear
to be unimportant. Thus, no parametrization for
these substituents was done. Although the ICs
values are well predicted, eq 13 strongly suggests
that both steric and, to a lesser degree, electronic
factors are imposed upon the rigid pyridodi-indole
ligands by the receptor site.
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Table 10. ICs, Inhibition of [BH]Diazepam Binding to Benzodiazepine Receptors by
4H-Pyrimido[2,1-b]benzothiazol-4-ones:*® Compounds and Physicochemical Parameters for Derivation of

Equation 14

no. substituents R, R; obsd log 1/1Csq calcd log 1/1Csq Alog 1/1Cs MR, So
1 R; =0OMe, R, =H 6.292 6.237 0.055 0.103 0.00
2 R, =OEt,R,=H 6.260 6.237 0.023 0.103 0.00
3 Ri1 = OCHMe,, R, = H 6.398 6.237 0.161 0.103 0.00
42 R1=0C4Hy, R, =H 5.939 6.237 —0.298 0.103 0.00
5 Ri1 = OEt, R, = 8-F 5.996 6.157 —0.161 0.092 0.060
6 R: = OEt, R, = 8-Cl 5.509 5.560 0.051 0.603 0.230
72 R: = OEt, R, = 6-Me 6.770 5.900 0.871 0.103 0.230
8 R: = OEt, R, = 6-OMe 6.699 6.632 0.067 0.103 —0.270
9 R1 = OEt, R, = 6-Me 6.585 6.486 0.099 0.103 —0.170

10 R1 = OEt, R, = 7,8-Me, 6.222 6.274 —0.052 0.565 —0.240

11 R: = OEt, R, = 6,8-Cl 5.319 5.223 0.096 0.103 0.460

12 Ri=NH;,R;=H 6.000 6.237 0.237 0.103 0.000

a Data points not included in equation derivation.

Table 11. K; Affinity of Imidazo[1,5-a][1,4]benzodiazepines®® for the DS-Type Benzodiazepine Receptor:
Compounds and Physicochemical Parameters for Derivation of Equation 15

no. substituents Rs, Rs obsd log 1/K;, calcd log 1/K; Alog 1/K; Lg, lc
1 R3 = C2Hs, Rs= N3 8.276 8.809 —0.533 4.11 0
2 R3=C;Hs, Rg=F 9.097 8.809 0.288 4.11 0
3 R3=CHs Rg=F 8.509 8.345 0.163 2.87 0
4 R3=CHs, Rg=H 8.201 8.345 —0.145 2.87 0
5 R3 = C;Hs, Rg=H 8.886 8.809 0.077 4.11 0
6 R3 = C(CH3)3, Re=H 8.959 8.809 0.150 4.11 0
7 R3 = CHs, Rg= CI 7.526 7.615 —0.089 2.87 1
8 R3 = C;Hs, Rg=ClI 8.268 8.978 0.189 4.11 1
9 R3 = CsH7, Rg=ClI 7.606 7.858 —0.253 4.92 1
10 R3 = CH(CHs3),, Rg= ClI 7.979 8.078 —0.099 4.11 1
11 R3 = CHa-cyclopropane, Rg= ClI 8.013 7.727 0.286 5.14 1
12 R3 = C(CH3)3, Rg=ClI 8.398 8.078 0.320 4.11 1
13 R3 = CH(C;Hs)2, Rs=ClI 7.570 7.951 —0.381 4.72 1
142 R3 = CH,C(CH3)3, Rg= ClI 6.302 7.874 —1.572 4.89 1
15 R3 = CHzCHzC(CH3)3, Rsz Cl 6.735 6.708 0.027 6.17 1

a Data point not included in equation derivation.

3.10. 4H-Pyrimidino[2,1-b]benzothiazol-4-ones

o COR;

In an attempt to discover novel BzR ligands with
potential anxiolytic activity, Trapani et al.%® synthe-
sized and tested some 4H-pyrimidino[2,1-b]benzo-
thiazol-4-ones (Table 10). Their 1Cs values (concen-
tration necessary for 50% inhibition of specific [*H]-
diazepam binding) were correlated with 2o and MRg,
in QSAR 14.

log 1/1Cq, = —0.681 (+0.539)MRy,_—
1.464 (+£0.585)%0 + 6.307 (+£0.169) (14)

n=10 r’=0919 ¢°=0829 s=0.142, F,;=39.825 o=0.01

MRg, is the more significant parameter. Fifty-one
percent of the variance in the data can be explained
by the steric factor MR. The negative MR term
suggests that fit to a macromolecule of limited steric
capacity is important. R substituents receive no
parametrization,yet they are well fit by eq 14. Zo for
Ri1, Rz, R3, and R4 substituents on the benzo-thiazolyl
ring seems to imply a significant role for electron-
attracting groups and accounts for the remaining
41%. Compound 4 and the congener with the higher

activity, compound 7 (Table 10), were omitted from
the derivation of eq 14.

To probe the requirements for selective high-
affinity binding to the diazepam-insensitive (DI)
isoform of the benzodiazepine receptor, the affinities
of 47 BDZs have been determined at both DI and
diazepam-sensitive (DS) BzR.5¢ 3D-QSAR analyses
were carried out on ligand affinities at both BzR
isoforms, and some CoMFA regression equations and
maps have been derived. From these data (Tables
11—-14) we formulated QSAR 15.

3.11. 5,6-Dihydro-5-methyl-6-0x0-4H-imidazo-
[1,5-a][1,4]benzodiazepine-3-carboxylic Acid
Derivatives

fN COOR;
N

Rg N
CH;
(0]

For 15 5,6-dihydro-5-methyl-6-oxo-4H-imidazo[1,5-
o][1,4]benzodiazepine-3-carboxylic acid derivatives,
the K; affinities (Table 11) for the DS benzodiazepine
receptor were correlated with the sterimol parameter
L, (for the length of the substituent), in a parabolic
approach. lg is an indicator variable assigning the
value 1/0 for the presence/absence of Rg = Cl. It is
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Table 12. K; Affinity of Imidazo[1,5-a][1,4]benzodiazepines®’ for the DI-Type Benzodiazepine Receptor:

Compounds and Physicochemical Parameters for Derivation of Equation 16

Hadjipavlou-Litina et al.

no. substituents Rs, Rg obsd log 1/K; calcd log 1/K; Alog 1/K;, Clog P
12 R3 = C2H5, Rg = N3 8.50 7.65 0.85 2.0
2 R3 = CzH5, Rg =F 7.24 7.17 0.06 1.29
3 R3; =CHgj, Rg=F 6.622 6.32 0.30 0.76
4 R3; = CHgj, Rg=H 5.85 5.92 —0.07 0.58
5 R3 = C2H5, Rg =H 6.67 6.92 —0.25 1.01
6 Rg = C(CH3)3, Rg =H 7.67 7.60 0.07 1.81
7 R3; = CHgs, Rg=CI 6.91 7.22 —-0.31 1.33
8 R3; = C;Hs, Rg= Cl 7.77 7.62 0.15 1.86
9 R; = C3H7, Rg=ClI 7.48 7.60 —-0.12 2.39

10 R3; = CH(CH3),, Rg= ClI 8.06 7.66 0.40 2.17

11 R3; = CHz-cyclopropane, Rg= Cl 7.40 7.63 —0.23 2.31

122 R3; = C(CHg3)3, Rg= CI 8.77 7.49 1.28 2.57

13 R3; = CH(CzHs)2, Rg=CI 6.12 6.69 0.22 3.23

14 R3; = CH,C(CHj3)s, Rg= CI 6.52 6.76 —-0.24 3.19

a Data points not included in equation derivation.

the most important term and has some lowering
effect. The importance of position 7 (here Rg) recalls
previous observations.?#* Actually, only Cl was used
at this point so Iy = 1/0 for CI/H. Compounds 2 and
3 have a F atom at the 8-position. For them indicator
Ic) takes a value of zero. However, both compounds
fit well by eq 15.

log 1/K; = 2.571 (£1.420)L_—

0.315 (+0.164)L * — 0.731 (+0.406)l, +
3.560 (+3.021) (15)

n=14 r*>=0835 ¢°=0.726 s=0.298F,;;,=16.84 o=0.01
Lgs optimum = 4.084 (& 0.294) from 3.566 to 4.456

No correlation with a hydrophobic factor was found.
The Lg,, lc, and Clog P are significantly collinear.

Again, we find in a QSAR analysis of data that
little attention has been given to experimental de-
sign, so that collinearity problems confound a clear
interpretation of the data. In terms of r? we found it
necessary to omit one data point (compound 14, Table
11).

3.12. Imidazo[1,4-a][1,4]benzodiazepine-3-
carboxylic Acid Derivatives

Rg N
R; O

A QSAR analysis was carried out on ligand affini-
ties at the DI site®” (Table 12). Parabolic dependence

log 1/K, = 3.166 (+0.989) Clog P —

0.755 (+0.251) Clog P* + 4.342 (+0.866) (16)
n=12 r’=0857 ¢*=0.731 s=0263 F,q=2697 a=001

optimum value of lipophilicity: Clog P, =
2.096 (+0.186) from 1.959 to 2.774

of Clog P, provides an optimum hydrophobicity of

1.467, which is close to log P, of ~2.5, the ideal log
P, value for CNS penetration. No role for an elec-
tronic factor was found. The two outliers—compounds
1 and 12—not included in this analysis are marked
in Table 12. Compound 1 has a N3 group as substitu-
ent at Rg position.

3.13. Imidazo-benzodiazepinecarboxylic Acid
Derivatives

KN COOR;

In Tables 13 and 14 are presented some more
imidazo-benzodiazepine carboxylic acid derivatives.5”
Their affinity K; values for the DS and DI benzodi-
azepine receptor are listed along with the essential
parameters used to formulate eq 17.

log 1/K; (DS) = —1.020 (+0.500) Clog P +
2.328 (+£0.773)B,_p + 7.061 (+£1.449) (17)

n=13 r’=0.868 ¢°=0776 s=0498 F,;;=3298 o=0.01

The most important term is the hydrophobicity
(lipophilicity with a negative sign). No effect of the
electronic factor was found. The Bi g, term (the
sterimol smallest width) appears to confirm a positive
steric effect for R; substituents. This is in accordance
with previous findings,* as we have already men-
tioned. Compound 7 is excluded (with the higher Clog
P value, 2.56).

3.14. Imidazo-benzodiazepinecarboxylic Acid
Derivatives
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Table 13. K; Affinity of Imidazo[1,5-a][1,4]benzodiazepines®” for the DS-Type Benzodiazepine Receptor:
Compounds and Physicochemical Parameters for Derivation of Equation 17

no. substituents Rs, R4—Rs, R7, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; Clog P Bi—g,
1 Rz = CHa-cyclopropane, R4—Rs = —CH,CH,;—, R; =7-Cl, Rg = H 10.00 9.707 0.293 1.470 1.800
2 R3=CyHs, Rs—Rs = —CH.CH,—, R, =7-Cl, Rg=H 9.699 10.160 —0.461 1.026 1.800
3 Rs=C(CHj3)3, R&—Rs = —CH;CH>—, R, =7-Cl, Rg = H 8.959 9.438 —0.479 1.734 1.800
4 R3= C(CHj3);, Rs—Rs = —CH,CH,—, Rz=H Rg = 8-F 8.745 8.157 0.588 1.164 1.000
5 Rs3 = C(CHg3)3, R+—Rs = —CH,CH,CH,—, R = 7-Br, Rg = H 9.301 9.064 0.237 2.443 1.950
6 R3 = C(CH3)3, R4_R5 = _CHchchg—, R7 = 7-OCH3, Rg =H 8.292 8.373 —0.080 1.751 1.350
7% R3 = C(CH3)3, Rs—Rs = —CH,CH,CH,—, R; = 7-C;Hs5, Rg = H 9.000 7.936 1.064 2.567 1.520
8 R3 = C2H5, R4—R5 = —CHchchz—, R7 = 7-C|, Rg =H 9.699 9.590 0.109 1.585 1.800
9 Rz = C(CHg3)3, Rs—Rs = —CH,;CH,CH,—, R7 = 7-Cl, Rg = 8-F 9.000 8.709 0.291 2448 1.800
10 R3= CyHs, R4—Rs = —CH,CH,CH,—, Rg =8-CI, Rz=H 7.139 7.727 —0.588 1.585 1.800
11 R3 = C(CH3)3, R4_R5 = _CHchQCHg—, Rg = 8-C|, R7 =H 7.186 7.005 0.180 2.293 1.000
12 R3 = CyClO-CeHll, R4—R5 = —CH2CH2CH2—, Rg = 8-C|, R7 =H 6.408 6.196 0.212 3.087 1.000
13 Rz = CHa-cyclopropane, R4—Rs = —CH,CH,CH,—, R; = H, Rg = 8-ClI 6.423 7.275 —0.852 2.029 1.000
14 R3= CyHs, R4—Rs = —CH,CH>CH>— (S),Ry=H,Rg=H 9.046 8.496 0.549 0.831 1.000

a Data point not included in equation derivation.

Table 14. K; Affinity of Imidazo[1,5-a][1,4]benzodiazepines®” for the DI-Type Benzodiazepine Receptor:
Compounds and Physicochemical Parameters for Derivation of Equations 18 and 19

no. substituents Rz, R4—Rs, R7, Rg

obsd log 1/K; calcd log 1/K; Alog 1/Ki MgVol Bi-gr, Bs-g,

R3 = CHa-cyclopropane, R4—Rs = —CH,CH>—, R; =7-CI, Rg = H

1

2 R3 = C2H5, R4_R5 = —CHchz—, R7 = 7-C|, Rg =H

3 R3 = C(CH3)3, R4—R5 = —CH2CH2—, R7 = 7-C|, Rs =H

4 Rz = C(CHj3)3, Ra—Rs = —CHCH,—, Rg =8-F, R, = H
C(CH3)3, Ra*Rs *CHchchzf, R7 = 7-BI', Rg =H
C(CH3)s, R4—Rs

52 Rs3
6 Rs

8 R3 = C2H5, R4—R5 = —CH2CH2CH2_y R7 = 7-C|1 RB =H

9a R3 = C(CH3)3, R4*R5 = 7CHZCH2CH27| R7 = 7-C|, Rg =8-F

10 R3 = C2H5, R4—R5 = —CHchchz—, Rg = 8-C|, Rg =H
11 R3 = C(CH3)3, R4—R5 = —CH2CH2CH2—, Rg = 8-C|, R7 =H

12 R3 = CyClO-CGHll, R4—R5 = —CH2CH2CH2—, Rg = 8-C|, R7 =H
13 Rz = CHj-cyclopropane, R4—Rs = —CH,CH,CH,—, Rg = 8-Cl, R; = H

14 R3 = C2H5, R4*R5 = *CHchQCHQ* (S), R7 = Hl Rg = H

a Data points not included in equation derivation.

—CH2CH2CH2—, R7 = 7-OCH3, Rs =H
7 R3 = C(CH3)3, R4—R5 = —CH2CH2CH2—, R7 = 7-C2H5, Rg =H

7.260 7.097 0.162 2.399 152 1.80
7.469 7.387 0.081 2225 152 1.80
7.824 7.542 0.282 2.507 2.60 1.80
7.772 7.909 —0.137 2.403 2.60 1.00
8.000 7.182 0.818 2.701 2.60 1.95
6.586 6.872 —0.286 2.725 2.60 3.07
6.786 6.711 0.075 2.808 2.60 3.17
7.162 7.152 0.011 2.366 1.52 1.80
7.627 7.276 0.351 2.666 2.60 1.80
7.269 7.343 —0.074 2.366 1.52 1.00
7.572 7.498 0.074 2.648 2.60 1.00
6.783 6.808 —0.025 2.821 1.91 1.00
7.092 7.053 0.038 2.540 1.52 1.00
7.346 7.548 —0.202 2.244 1.52 1.00

In continuation, eq 18 was derived from the data®’
in Table 14.

log 1/K; = —1.764 (+0.798)MgVol +
0.580 (+0.306)B; g, — 0.24 (+0.18)Bs ¢ +
10.663 (+1.687) (18)

n=12 r’=0837 ¢°=0.627 s=0185 F,;3=13.65 o=0.01

The number of data points is small (12). Com-
pounds 5 and 9 are not included in these analyses.
MgVol is the most important parameter following the
sterimol parameters B;_g, and Bs_g, for the corre-
sponding Rs and Ry substituents. B;_g, has a positive
effect on the activity, whereas Bs_g, has a negative
one. No correlation with a hydrophobic parameter
was found. MgVol expresses the calculated molar
volume according to Abraham and McGowan and has
sometimes been used lately instead of MR as an
alternative theoretically assessible bulk factor. Thus,
the negative MgVol brings out a steric problem. The
correlation matrix for MgVol versus Clog P, r?2 =
0.913, MgVol versus MR, r?= 0.985, indicates a
collinearity problem. Attempts to develop a better
equation using the sterimol parameter Bs_g, led to
correlation (QSAR 19). Two data points were omitted

(12 and 14). The foregoing results support the role
of MgVol as an alternative theoretically assessible
bulk factor.

log 1/K; = 0.438 (+:0.280)B,_5_—
0.77 (+:0.302)Bs_p_— 1.006 (+0.607)Bs ¢ _+
9.051 (£1.222) (19)

n=12 r*=0.824 ¢°=0.610 s=0.208F,3=13.645 o =001

3.15. Imidazo[1,5-a][1,4]benzodiazepine Esters

N

=
r COOX
N
N
Y \CH3
(6]

For another series of imidazo [1,5-a][1,4]benzo-
diazepine®’ esters (Table 15) with high affinities
and selectivities at DI and DS benzodiazepine recep-
tors, the following QSARs were derived. Their bind-
ing affinities K; at DI BzR in vitro (cerebella or
cortices homogenate from adult male Sprague—
Dawley rats) were correlated with Clog P values.



3764 Chemical Reviews, 2004, Vol. 104, No. 9

Table 15. K; Binding Affinities of
Imidazo[1,5-a][1,4]benzodiazepine Esters on the
DI-Type Benzodiazepine Receptor:®” Compounds and
Physicochemical Parameters for Derivation of
Equation 20

obsd calcd

no. X, Y log 1/K; log 1/K; Alog 1/K; Clog P
1 X=CyHs,Y=H 6.670 6.649 0.021 0.477
2 X=CyHs5 Y=CI 7.772 7.625 0.147 1.231
3 X=C(CHj3)3 Y=H 7.674 7.596 0.078 1.185
43 X = C(CHg)s, Y =CI 8.770 7.564 1.206 1.939
5 X=CHs Y=CI 6.908 7.052 —0.114 0.702
6 X=C3H7;, Y=CI 7478 7.669 —0.191 1.760
7 X=CH(CHs),, Y=CI 8.056 7.715 0.341 1.540
8 X =CHzcy-CsHs, Y=CI 7.400 7.697 —0.297 1.675
9 X =CH(CzHs)z, Y =CI 6.912 6.655 —0.256 2.598

10 X =CHC(CH3);, Y=Cl 6.523 6.734 —0.211 2.558

a Data point not included in equation derivation.

log 1/K; (D1) = 2.909 (+1.440) Clog P —
0.945 (£0.422) Clog P? + 5.476 (£1.043) (20)

n=9 r’=0824 ¢°=0592 s=0258 F,;=14.075 a=0.01

optimum lipophilicity value: Clog P, =
1.539 (& 0.174) from 1.339 to 1.710

Equation 20 gave a good correlation between ob-
served and calculated K; values, the greatest devia-
tion being noted for the 8-Cl-substituted tert-butyl
derivative (compound 4, Table 15). It is the most
active in the set.

3.16. Imidazo[1,5-a][1,4]benzodiazepine Esters

N
( CO0X
N

N
“CH;
0

Adding some more derivatives in the previous set
(congeners containing X = tert-butyl group), QSAR
21 is derived (Table 16).57

Hadjipavlou-Litina et al.

log 1/K; = 2.236 (+1.598) Clog P —

0.723 (+0.469) Clog P? + 1.692 (£0.59) 1 _pyeyr +
5.918 (£1.217) (21)

n=14 r’=0879 ¢°=0749 s=0358 F;,,=17.33 o=0.01

optimum value of lipophilicity: Clog P, =
1.546 (£0.301) from 1.111 to 1.818

The indicator variable li—puy applies to tert-butyl-
substituted derivatives (compounds 3, 4, and 11-16,
Table 16). The positive coefficient with li—puy1 means
that the presence of a tert-butyl group is correlated
with more effective displacement. In this case, four
outliers were found (compounds 3, 14, 15, and 17;
all had a tert-butyl group in the X substituent).
Rejecting all of the tert-butyl congeners, eq 22 is
derived from the rest of the compounds.

log 1/K, = 3.38 (£2.062) Clog P, —
1.114 (£0.630) Clog P? + 5.344 (+£1.508) (22)

n=10 r’=0726 ¢*=0494 s=0390 F,,=9.238 «=0.01

optimum value of lipophilicity: Clog P, =
1.517 (+£0.166) from 1.23 to 1.727

3.17. Imidazo-benzodiazepinecarboxylic Acid
Derivatives

COOX

Z\\

N
“CH;
0

Their effect as K; binding affinities (Table 17) at
DS BzR in vitro was correlated with MgVol and
sterimol factor B;_x (for the alkyl group X of the ester
moiety) in QSARs 23.

Table 16. K; Binding Affinities of Imidazo[1,5-a][1,4]benzodiazepine Esters on the DS-Type Benzodiazepine
Receptor:5” Compounds and Physicochemical Parameters for Derivation of Equations 21 and 22

no. X, Y obsd log 1/K; calcd log 1/K; Alog 1/K; li—butyl Clog P
1 X=CyHs,Y=H 6.670 6.821 —0.150 0 0.477
2 X =CyHs, Y=CI 7.772 7.575 0.197 0 1.231
3a X =C(CHg)s, Y=H 7.674 5.244 2.430 1 1.185
4 X =C(CHg)s, Y =CI 8.770 5.227 3.543 1 1.939
5 X=CH; Y=CI 6.908 7.132 —0.224 0 0.702
6 X =C3H7, Y=CI 7.478 7.614 —0.136 0 1.760
7 X = CH(CHj3),, Y = CI 8.056 7.647 0.409 0 1.540
8 X = CH3-cy-C3Hs, Y = ClI 7.400 7.635 0.235 0 1.675
9 X = CH(CzHs),, Y =CI 6.912 6.847 0.005 0 2.598

10 X = CH,C(CHj3);, Y = ClI 6.523 6.907 —-0.384 0 2.558

11 X = C(CHg)3, Y =CI 8.760 8.883 —0.123 1 2.340

12 X =C(CHg3)s, Y = Br 8.550 8.695 —0.145 1 2.490

13 X =C(CH3)3, Y =1 8.820 8.291 0.529 1 2.750

14* X = C(CHg)3, Y = NO; 7.960 9.332 -1.372 1 1.450

15* X = C(CHg3);, Y = NCS 8.568 7.397 1.171 1 3.210

16 X =C(CHg)s, Y = N3 9.366 9.169 0.197 1 2.030

17* X =CyHs, Y =Nz 8.508 7.610 0.898 0 1.320

18 X=CyHs,Y=F 7.936 7.476 0.476 0 1.060

a Data points not included in equation derivation.
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Receptor:5” Compounds and Physicochemical Parameters for Derivation of Equation 23

no. X, Y obsd log 1/K; calcd log 1/K; Alog 1/K; MgVol B1-x
1 X=CyHs, Y=H 8.886 8.715 0.171 2.071 1.52
2 X =CsHs, Y =CI 8.268 8.293 —0.026 2.193 1.52
3 X=C(CHgs)s, Y=H 8.959 8.876 0.083 2.353 2.60
4 X =C(CHs)s, Y =CI 8.398 8.454 —0.056 2.475 2.60
52 X=CHs Y=CI 7.526 8.779 —1.253 2.052 1.52
6 X =C3H7, Y=CI 7.606 7.808 —0.203 2.334 1.52
7 X =CH(CHz3),, Y =CI 7.979 8.206 —0.227 2.334 1.90
8 X = CHa-cy-C3Hs, Y = ClI 8.013 7.697 0.316 2.366 1.52
9 X = CH(CzHs)2, Y =CI 7.570 7.476 0.094 2.616 2.13
10 X = CH,C(CH3);, Y =CI 6.302 6.837 —0.536 2.616 1.52
112 X=CHs Y=H 8.200 9.201 —1.001 1.930 1.52
12 X = (CH2)2C(CHs3)s3, Y = CI 6.735 6.352 0.383 2.757 1.52

a Data points not included in equation derivation.

Table 18. ICs Inhibition Values of [*H]Flunitrazepam Binding to Benzodiazepine Receptors by 5-Furyl- and

5-Thienyl-Substituted Benzodiazepines:*® Compounds and Physicochemical Parameters for Derivation of

Equation 24
no. substituents Ry, Ry, X obsd log 1/1Csg calcd log 1/1Csq Alog 1/1Cso MRg, Bs-7
1 Ri = H, R, = 5-(2-thienyl), X = 7-CI 7.553 7.700 —0.147 2.404 1.800
2 R: = H, R, = 5-(2-furyl), X = 7-CI 6.573 6.535 0.039 1.788 1.800
3 Ri = H, R, = 5-(2-thienyl), X = 7-F 6.886 7.010 —-0.124 2.404 1.350
42 R: = H, R, = 5-(3-thienyl), X = 7-CI 6.854 7.700 —0.846 2.404 1.800
52 R: = H, R, = 5-(2-thienyl), 4-Br, X = 7-CI 6.335 9.33 —3.05 3.267 1.800
6 Ri = CH3, R, = 5-(2-thienyl), X = 7-CI 7.745 7.700 0.045 2.404 1.800
7 Ri = CHs, R, = 5-(2-furyl), X = 7-Cl 6.570 6.535 0.036 1.788 1.800
8 R1 = CHs, R, = 5-(2-thienyl), X = 7-F 7.137 7.010 0.126 2.404 1.350
9 Ri1 = CHs, R, = 5-(3-thienyl), X = 7-ClI 6.959 7.700 —0.741 2.404 1.800
10 R; = H, R, = 5-C¢Hs, X = 7-Cl 8.027 7.949 0.077 2.536 1.800
11 R1 = CH3, R, = 5-CgHs, X = 7-Cl 8.092 7.949 0.142 2.536 1.800
12 Ri1 = H, R; = 5-(2-CICgH,), X = 7-Cl 8.745 8.895 —0.150 3.036 1.800
13 R = H, R; = 5-(2-FCsH4), X = 7-ClI 8.699 8.008 0.691 2.567 1.800
14 R: = H, R, = 5-(2-pyridyl), X = 7-Br 7.745 7.738 0.006 2.303 1.950

a Data point not included in equation derivation.

log 1/K, (DS) = —3.445 (+1.187)MgVol +
1.048 (+£0.548)B, , + 14.257 (+2.928) (23)

n=10 r’=089 ¢ =0.767 s=0.311 F,;=30.69 o=0.01

Two points were rejected from the derivation of this
correlation (compounds 5 and 11). Both are methyl
esters, and these results demonstrate that as the
smallest width of the ester side chain increased DS
affinities increased, too. No effect of the electronic
factor was found. For this set and for the DS binding
affinities the MgVol parameter is found to replace
the hydrophobic effect (MgVol versus Clog P, r? =
0.973).

3.18. Substituted 5-Thienyl and 5-Furyl
Benzodiazepines

Ry
I o
N

Ry
| e}
\/g “ :/N \j
N
X N
Ry

Ry

For 14 substituted 5-thienyl and 5-furyl benzo-
diazepines,®® which displace [*H]flunitrazepam from

BzR in vitro, the 1Csy values (Table 18) were used to
derive eq 24:

log 1/K; = 1.891 (£0.726)MRg_+
1.532 (+£1.303)B;_, — 0.395 (+£2.922) (24)

n=12 r’=0817 ¢°=0.751 s=0.355 F,,=20.196 o=0.1

Two data points (compounds 4 and 5) were rejected
from the development of eq 24. We had expected
that an electronic term would be needed for 7-sub-
stituents (X). We could find no role for o or F in eq
24. The highly significant Bs_; term points to a steric
effect of the first atom of groups in the 7-position.
This is in accordance with previous findings.? The
positive coefficient with Bs_; means that the larger
the atom attached to the ring, the more effective
the binding. MRs is the most significant term. Its
positive coefficient indicates that the larger Rs is,
the better the binding. The main difficulty of eq 20
is that for the substituents on which it is based, there
is a collinearity problem (MRs versus s, r> = 0.721)
between m5 and MRs, lending uncertainty as to
whether interaction is occurring with polar or hy-
drophic space. Our previous QSARs on BDZs
show that hydrophobic and steric properties are
important.
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Table 19. ICs, Inhibition Values of [*H]Flunitrazepam Binding to Benzodiazepine Receptor by
1-(2-Phenyl-4-quinolinyl)-4(1,2,4-oxadiazoles):5® Compounds and Physicochemical Parameters for Derivation of

Equation 25
no. substituents X, Y, Z obsd log 1/1Cs calcd log 1/1Csg Alog 1/1Csq Clog P Bs-v
1 X=H,Y=H,Z=NH; 7.947 8.036 —0.089 3.667 1
22 X=CHs Y=H,Z=NH; 6.893 7.745 —0.762 4.166 1
3 X=Cl,Y=H, Z NH; 7.686 7.587 0.099 4.437 1
42 X=H,Y =2- OCH3, Z = NH; 5.974 7.393 —1.419 3.125 3.070
5 X=H,Y =2-0OH,Z=NH, 7.712 8.040 —0.327 2.921 1.930
6 X=F,Y =2-OCHz, Z= NH; 7.295 7.280 0.015 3.319 3.070
7 X=F,Y =2-OH,Z = NH, 8.149 7.293 0.226 3.121 1.930
8 X=F,Y=4-F,Z=NH, 8.060 7.833 0.227 4.015 1
9 X=F,Y=4-Cl,Z=NH; 7.444 7.502 —0.058 4.585 1
10 X=H,Y=H,Z=0C;Hs 6.742 6.904 —0.162 5.612 1
11 X=F,Y =2-OH,Z=0C,Hs 6.860 6.791 0.069 5.066 1.930
a Data points not included in equation derivation.
Table 20. K; Binding Affinities to Benzodiazepine Receptors (Displacement of [*H]Flunitrazepam) by
X-[5,1-C][1,2,4]benzotriazines and 5-Oxide Derivatives:®® Compounds and Physicochemical Parameters for
Derivation of Equation 26
no. substituents Rs, R7, Rs obsd log 1/K; calcd log 1/K; Alog 1/K; Clog P Ino BiRr,
1 R; = COOCHg3, 5-0,R7=Rg=H 6.234 6.223 0.012 0.992 1 1.640
2 R3; = COOC;Hs, 5-O, Ry = H, Rg = CHj; 6.975 7.020 —0.045 2.020 1 1.640
3 R; = Br, 5-O, Ry = H, Rg = CHj3 7.274 6.902 0.373 2.514 1 1.950
4 R3; = COOC;Hs, 5-O, Rz = H, Rg = ClI 7.456 7.186 0.270 2.234 1 1.640
5 R3; =Br, 5-O, R;=H, Rg =ClI 6.921 7.068 —0.147 2.729 1 1.950
6 R; =CN, 5-O, R;=H, Rg = ClI 6.466 6.433 0.033 1.179 1 1.600
7 R3; = Br, 5-O, R7 = H, Rg = O(CH,),0C,Hs 6.837 6.952 —0.115 2.579 1 1.950
82 R3; = COOC;Hs, 5-O, R7 = H, Rg = N(CzHs), 6.180 7.827 —1.646 3.060 1 1.640
9 Rs; = COOC;Hs, 5-O, Ry = H, Rg = SCH3 7.114 7.350 —0.237 2.445 1 1.640
10 Rs = Br, 5-O, R = H, Rg = SCH3; 7.029 7.232 —0.203 2.940 1 1.950
11 R; = COOC;Hs, 5-O, Ry = H, Rg = OC;Hs 7.087 7.264 —-0.177 2.335 1 1.640
12 R; = Br, 5-O, Ry = H, Rg = OC;Hs 7.433 7.146 0.287 2.830 1 1.950
13 R; = COOC;Hs, 5-O, Ry = H, Rg = OH 6.643 6.717 —0.074 1.629 1 1.640
14 R; = Br, 5-O, R = H, Rg = NH; 6.268 6.244 0.024 1.667 1 1.950
15 R; = COOCH3, R;=H,Rg=H 5.672 5.542 0.130 1.038 0 1.640
16 R; = COOC;Hs, R7=H, Rg = CI 6.551 6.505 0.046 2.281 0 1.640
17 R; = Br, R; = H, Rg = SCH; 6.980 6.641 0.339 3.104 0 1.950
18 R; = COOC;Hs, R7 = H, Rg = OC;Hs 6.716 6.678 0.038 2.503 0 1.640
19 R; = Br, R; = H, Rg = OC;Hs 6.321 6.555 —0.234 2.993 0 1.950
20 R; = Br, R; = H, Rg = 8-NHCOCH3 5.446 5.765 —0.319 1.974 0 1.950

a Data point not included in equation derivation.

3.19. 1-(2-Phenyl-4-quinolyl)-

coz

4-(1,2,4-oxadiazoles)

A series of 1-(2-phenyl-4-quinolyl)-4-(1,2,4-oxadia-
zoles)®® was tested for their affinity to the BzR using
[H]flunitrazepam as radioligand. The ICso values
(Table 19) were used to formulate eq 25.

log 1/ICg, = —0.582 (+0.227) Clog P —
0.463 (+£0.283)B;_y_+ 10.632 (£1.217) (25)

n=9 r’=0870 ¢°=0.732 s=0209 F,;=20.198 a=0.01
Two data points are omitted (compounds 2 and 4,
Table 19). They do not contain any unusual substitu-
tion moieties. Compound 4 is the least active deriva-
tive. Z substituents receive no parametrization, and

yet they are well fit by eq 25. The negative coefficient

with log P shows that the more hydrophobic the
molecle, the higher the affinity to the BzR (the faster
the [*H]diazepam displacement from the BzR).

3.20. Pyrazolo-[5,1-c]benzotriazines

Several tricyclic heterocycles containing a pyrazole
moiety were found to show affinity for the BzR
complex. Pyrazolo[5,1-c]benzotriazines®® and their
5-oxides (Table 20) were tested for their ability in
vitro to displace [*H]flunitrazepam (at 0.2 nM, K4 =
1.8 nM) from its specific binding in bovine brain
membranes. K; values were correlated with Clog P
and Ino, an indicator variable, and the sterimol
parameter By g,.

log 1/K; = 0.776 (+0.215) Clog P +
0.771 (£0.238)l o — 1.619 (+£0.864)B, ¢ +

7.392 (+1.337) (26)

n=19 r’=0857 ¢°=0771 s=0225 F,;;=3121 a=0.01
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Table 21. ICs, Values for Displacement of [*H]Diazepam Binding to Benzodiazepine Receptor by Substituted
6-Alkoxy-imidazo[1,2-b]pyridazines:®* Compounds and Physicochemical Parameters for Derivation of Equation 27

no. substituents Ry, Rz, R3 obsd log 1/1Cs caled log 1/1Csp Alog 1/1Csp Lgr, MRg,
1 R; = OCH3s, R; = 3,4-OCH,0—, Rs = H 8.155 7.911 0.244 3.980 0.900
2 Ry =0OCH3 R, =4-Cl, Rs=H 7.538 7.580 —0.043 3.980 0.603
3 R;1 =OCH3 R =H,Rs=2-F 6.857 7.024 —0.167 3.980 0.103
4 R1 = OCHs, R, = 4-CHs, Rz = 2-F 7.678 7.538 0.140 3.980 0.565
5 R1 = OCHs, Rz = 3,4-OCH,0—, R3 = 2-F 7.854 7.911 —0.057 3.980 0.900
6 R; =0C;Hs, R, =H,R; =H 6.733 6.754 —0.021 4.800 0.103
7 Ry = OCzHs, R, =4-CH3, Rs=H 7.456 7.268 0.188 4.800 0.565
8 Ry = OCyHs, R, = 3,4-OCH,0—, Rs = H 7.602 7.229 0.373 6.050 0.900
9 R1 =0C:Hs, R, =4-Cl, Rs=H 7.194 7.310 —0.116 4.800 0.603
10 R1 = 0OC:zHs, R; = H, R3 = 2-F 6.682 6.754 —0.072 4.800 0.103
11 R1 = OCzHs, Rz = 4-CH3, Rs = 2-F 7.292 7.268 0.025 4.800 0.565
12 R1 = OCzHs, R, = 3,4-OCH0—, Rz = 2-F 7.509 7.641 —0.132 4.800 0.900
13 Ry =0CsH7, R, =4-CH3, Rs=H 6.742 6.856 —0.114 6.050 0.565
14 R; = OCsH7, Rz = 3,4-OCH:0—, Rs=H 6.936 7.229 —0.293 6.050 0.900
15 R1=0CsH7, R, = H, Rs = 2-F 6.623 6.342 0.282 6.050 0.103
16 R1 = OCsH7, Rz = 4-CH3, Rs = 2-F 6.845 6.856 —0.011 6.050 0.565
17 Ry = O(CH);OCHgs, Rz = 4-CH3, Rz = 2-F 6.498 6.639 —0.141 6.710 0.565
18 Ri1 = OCHgs, R, = 3,4-OCH;0-, Rz = 3-NO; 8.097 7.911 0.186 3.980 0.900
19 R1 = OCHgs, Rz = 3,4-OCH;0-, Rz = 4-NO> 7.638 7.911 —0.272 3.980 0.900

Linear Clog P is the more significant model. Ino is
an indicator variable assigning the value 1/0 for the
presence/absence of a N-5-O. From the positive sign
of Iyo it is assumed that the presence of N-oxide is
favorable for the activity. The parameter B;_g, rep-
resents the smallest width of the first atom. The
smaller the substituent, the better the binding.
Equation 26 gave good correlation between observed
and calculated K; values, the greatest deviation being
noted for the 8-diethylamino derivative (compound
8, Table 20). It should be noted that no parametriza-
tion has been made for congeners having a substitu-
ent in position 7/8 of the ring. However, all deriva-
tives do fit well, indicating that they contact a
hydrophobic space of the receptor.

3.21. 3-Substituted Imidazo[1,2-b]pyridazines

= N R,
X, N
Ry N~
T\{H
CcO

s

Table 21 contains the in vitro BzR affinities (dis-
placement of [*H]diazepam in rat brain membranes
cortex) of some 3-substituted imidazo[1,2-b]py-
ridazines.®* From these data eq 27 was derived.

log 1/1Cg, = —0.329 (+0.106)L_+
1.113 (+£0.333)MRg,_+ 8.220 (+0.588) (27)

n=19 r*=0.868 ¢ =0798 s=0.199 F,;;=5257 a=0.01

Equation 27 seems strange because it contains no
m or Clog P term. MRg, refers to substituents in
position 4. Addition of a term in s does not improve
the result. Thus, one assumes contact is occurring
with polar space. The coefficient with Lg, is negative,

suggesting that the relatively high affinities are

related with a low steric effect of R;. No parametriza-
tion was made for Rz (two to three substituents).
However, they all do fit eq 27 well.

3.22. 6-Aryl-pyrrolo[2,1-d][1,5]benzothiazepines

(O)n R,

A set of 6-aryl-pyrrolo[2,1-d][1,5]benzothiaze-
pines®2~64 (Table 22) tested as selective ligands of the
mitochondrial benzodiazepine MBR receptor have
been investigated using the comparative field analy-
sis (CoMFA) approach. The results from the 3D-
QSAR studies rationalize the steric and electronic
factors that modulate affinity to the MBR. We tried
to correlate the ICso values (affinity values for [3H]-
PK 11195 binding inhibition) and obtained eq 28.

log 1/1Cg, = —0.705 (£0.27)Lg_—
2.952 (+£0.504)1 ., + 9.005 (+0.726) (28)

ring
n=30 r’=0870 q°=0.836 s=0501 F,,;=274.114 o=0.01

We were not able to formulate a QSAR with
lipophilicity as Clog P or & Lg, is the sterimol
parameter for the length of the first atom of sub-
stituent Ra. liing is an indicator variable assigning the
value 1/0 for the presence/absence of a ring as an R3
substituent in position C;. From the negative sign,
it is assumed that the absence of the ring is favorable
for the activity. l.ng provides no information as to
which property of the substituent is the most impor-
tant for the increase in the activity. No collinearity
problems were found between the parameters used
in the equation (lying versus Lg, = 0.012). We had
expected that an electronic term would be needed for
R; substituents. Unfortunately, the compounds in-
cluded in this set contain rather little variation in
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Table 22. ICs, Values of the 6-Arylpyrrolo[2,1-d][1,5]benzothiazepines®?~% To Displace the Specific Binding of
[FH]PK 11195 by 50%: Compounds and Physicochemical Parameters for Derivation of Equation 28

Lg, for lring
no. Ri1, Rz, Rs obsd log 1/1Cs,  calcd log 1/1Cso  Alog 1/1Cso  position 2
1 R;=R;=H,R3=S0,CHj 7.240 7.378 —0.138 2.060 0
2 Ri=R;=H,R3=COCHj; 7.710 7.378 0.332 2.060 0
3 Ri=R;=H,R;=COC;Hs 7.180 7.378 —0.198 2.060 0
4 R;=R;=H,R3=COC3H, 7.670 7.378 0.292 2.060 0
5 Ri=R;=H,R3=COCsHy 7.320 7.378 0.058 2.060 0
6 R;i=R;=H,R3=COCsH1; 7.630 7.378 0.252 2.060 0
7 Ri=R;=H, R3=CON(CHs), 8.040 7.378 0.662 2.060 0
8 Ri=H,R;=0CHj3 R;=COCzHy 7.560 7.378 0.182 2.060 0
9 R;=2-CF3 R, =0CHj3, R3 = COCH3 5.340 6.399 —1.059 3.300 0
10 R;=2-CF3, R; = OCHgs, R3 = COC;Hs 5.530 6.399 —0.869 3.300 0
11 R: = 2-CF3, R, = OCHgs, R = CON(CH3); 6.530 6.399 0.131 3.300 0
12 R:i=2-CF3, R, = OCHgs, R3 = COCsH>—(3,4,5-OCH5) 4.000 3.447 0.553 3.300 1
13 Ry =2-Cl,R;=H, R3 = COCH3 6.250 6.226 0.024 3.520 0
14 R;=2-Cl,R;=H, R3=COC;Hs 6.090 6.226 —0.136 3.520 0
15 R;=2-Cl, R, = OCHj3, Rz = COCH3 6.190 6.226 —0.036 3.520 0
16 R;=2-Cl, R, = OCHj3, R3 = COC;Hs 6.310 6.226 0.084 3.520 0
17 R: = 2-Cl, R, = OCHgs, R; = CON(CH3), 6.780 6.226 0.554 3.520 0
18 R; = 2-Cl, R, = OCHgs, R3 = COCgH-(3,4,5-OCHy3) 4.000 3.274 0.726 3.520 1
19 R;=3-Cl,Rz=H, R3=COCH3 6.640 7.378 —0.738 2.060 0
20 R;=3-Cl, R, = OCHjs, R = COCH3 6.620 7.378 —0.758 2.060 0
21 R1=4-Cl,R;=H, Rs = COCH3s 8.120 7.378 0.742 2.060 0
22 R;=4-C,R;=0CHj3, R3 = COCHj3 7.690 7.378 0.312 3.980 0
23 Ry =2-OCHs, R, = OCHgs, Rz = COCHjs 5.740 5.862 —0.122 2.060 0
24 R;=H, R, = OCHjs, R = CON(CHy3), 8.040 7.378 0.662 2.060 0
25 R;=H, R; = OCHjs, R3 = COCHg3 7.470 7.378 0.092 2.060 0
26 R;=H, R, =0CHj3;, R3 = SO,CHj; 7.020 7.378 —0.358 2.060 0
27 R;=H, R, = OCHj3, R; = CO-3-pyridyl 4.000 4.426 —0.426 2.060 1
28 R;=H,R;=0CHj3, Rs = COCsH,—(3,4,5-OCHy) 4.000 4.426 —0.426 2.060 1
29 R;=H, R;=0CHj3;, R3 = COC;Hs 7.530 7.378 0.152 2.060 0
30 R;=H, R;=0CHS3;, R3 = CO-4-pyridyl 4.000 4.426 —0.426 2.060 1

positions 2—4 (Cl, CF3, OMe, H). The physicochemical
properties for some of them are quite similar. Al-
though no parametrization has been done for sub-
stituents R, and R3 (except the lying), all compounds
fit well eq 28.

3.23. 2-Arylimidazo[4,5-c]quinoline and
Analogue-Fused Imidazopyridines

N
Ry
N

NH
A

Ry
=

N

2-Arylimidazo[4,5-c]quinoline and analogue-fused
imidazopyridines®> (Table 23) were evaluated as
benzodiazepine receptor ligands. From the detailed
pharmacological evaluation the K; affinity values
concerning the displacement to [*H]diazepam binding
in rat cerebral cortex eq 29 is derived.

log 1/K; = 3.413 (+0.317)E, —
1.603 (+0.418) MR, + 1.131 (+0.317)E, —
0.285 (£0.176)l,_— 9.367 (£0.174) (29)

n=26 r’=0962 ¢°=0934 s=0214 F,,=13125 o=0.01

The indicator variable Ig, for the examples in which
an alkyl group is present (R; = Me, Et) seems to be
important. The Es, Es, and MR; terms appear to
confirm a negative steric effect for the 6-, 9-, and
7-substituents on the phenyl ring. Es was designed
for intramolecular steric effects. Bearing in mind that

the more sterically hindering the substituent, the
more negative its Es value, the positive coefficient
with the 6- and 9-substituents shows that substitu-
tion at positions 6 and 9 makes less effective com-
pounds. Electronic and hydrophobic effects of sub-
stituents are negligible.

3.24. 1,2,4-Triazolo[1,2-a]quinoxalines

R
N

R 1\4 $<N

CLL
Some 1,2,4-triazolo[1,2-a] quinoxalines®” (Table 24)
displayed similar affinities. They were tested for their
ability to displace [*H]flunitrazepam (at 0.2 nM) from
its specific binding in bovine brain membranes.
Equation 30 shows a linear dependence on overall
log P, which is a significant term. The MRg, term
appears to confirm a negative steric effect for R;
substituents (H, Cl, Br, Me). We had expected that
an electronic term would be needed for R; substitu-
ents, but this point needs further study, because the
range of substituents covered is not great. The fact
that log P has been used to model hydrophobicity

implies that R substituents also have a hydrophobic
effect.

log 1/K, = 0.989 (+0.386) Clog P —
0.361 (+0.325)MRg_+ 6.221 (+0.993) (30)

n=11 r’=0815 ¢°=0637 s$=0.226 F,,=17594 a=0.1
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Table 23. K; Values (Displacing Potential to [*H]Diazepam Binding in Rat Cerebral Cortex) of Fused
Imidazopyridines:®% Compounds and Physicochemical Parameters for Derivation of Equation 29

no. R1, Ry obsd |Og 1/K; calcd |Og 1/K; AlOg 1/K; Ese MR; Eso |R1
1 Ri=R;=H(A) 9.220 9.202 0.018 0.00 0.103 0.00 0
2 R;=CHs, R, =H (A) 9.050 8.917 0.133 0.00 0.103 0.00 1
3 R; = CyHs, Rz = H (A) 8.960 8.917 0.043 0.00 0.103 0.00 1
4 R1=H, R, =6-F (A) 7.400 7.325 0.075 —0.55 0.103 0.00 0
5 R; =H, R, = 6-Cl (A) 6.280 5.892 0.388 —-0.97 0.103 0.00 0
6 Ri=H,R,=7-F (A) 9.050 9.220 —0.170 0.00 0.092 0.00 0
7 Ri=H, R, =7-Cl (A) 8.460 8.401 0.059 0.00 0.603 0.00 0
8 R; =H, R, = 7-OCHj; (A) 8.140 8.106 0.034 0.00 0.787 0.00 0
9 R;i=H, R, =8-F (A) 9.100 9.202 —0.102 0.00 0.103 0.00 0
10 R; =H, R, = 8-Cl (A) 9.100 9.202 —0.102 0.00 0.103 0.00 0
11 R; =H, R, = 8-OCHj; (A) 9.300 9.202 0.098 0.00 0.103 0.00 0
12 Ri=H, R, =9-F (A) 8.470 8.580 —0.110 0.00 0.103 —0.55 0
13 R; =H, R, =9-Cl (A) 8.120 8.106 0.014 0.00 0.103 —0.97 0
14 R;1=R;=H (B) 9.000 9.202 —0.202 0.00 0.103 0.00 0
15 R; = CHjs, R, = H (B) 9.050 8.917 0.133 0.00 0.103 0.00 1
16 R; = C;Hs, R, = H (B) 8.920 8.917 0.003 0.00 0.103 0.00 1
17 R; = CHj3, R, = 6-F (B) 6.520 7.040 —0.520 —0.55 0.103 0.00 1
18 R; = CHs, R, = 6-Cl (B) 5.470 5.606 —0.136 —-0.97 0.103 0.00 1
19 R; = CHs, R, = 7-F (B) 8.850 8.935 —0.085 0.00 0.092 0.00 1
20 R; = CH3, R, = 7-CI (B) 7.730 8.115 —0.385 0.00 0.603 0.00 1
21 R; = CH3, R, = 7-OCHj3 (B) 8.020 7.820 0.200 0.00 0.787 0.00 1
22 R; = CHs, R, = 8-F (B) 8.960 8.917 0.043 0.00 0.103 0.00 1
23 R; = CH3, R, = 8-Cl (B) 9.300 8.917 0.383 0.00 0.103 0.00 1
24 R; = CH3, R, = 8-OCHj3 (B) 9.050 8.917 0.133 0.00 0.103 0.00 1
25 R; = CHs, R; = 9-F (B) 8.310 8.295 0.015 0.00 0.103 —0.55 1
26 R; = CH3, R, = 9-ClI (B) 7.860 7.820 0.040 0.00 0.103 —0.97 1

Table 24. K; Binding Constants at Benzodiazepine Receptor for 1,2,4-Triazolo[1,5-a]Jquinoxalines and
1-Deazaimidazo[1,2-a]Jquinoxalines Analogues:®” Compounds and Physicochemical Parameters for Derivation of

Equation 30
no. R, R1 obsd log 1/K; calcd log 1/K; Alog 1/K; Clog P MRgr
1 R = 2-furyl, Ry =H 7.148 7.206 —0.059 1.649 1.788
2 R = 2-furyl, Ry = ClI 7.839 7.925 —0.086 2.375 1.788
3 R = 2-furyl, Ry = Br 7.879 8.073 —0.193 2.525 1.788
4 R = 3-furyl, Ry = ClI 8.009 7.717 0.292 2.165 1.788
5 R = 2-thienyl, Ry = H 7.662 7.477 0.185 2.147 2.404
62 R = 2-thienyl, R, = CI 7.759 8.194 —0.435 2.873 2.404
7 R = 3-thienyl, R; = CI 7.799 7.987 —0.188 2.663 2.404
82 R = Ce¢Hs-2-F,R1 =H 8.051 7.689 0.361 2.407 2.525
9 R = C¢Hs-2-F, Ry =ClI 8.538 8.407 0.130 3.133 2.525
102 R = C¢Hs-3-F, Ry =ClI 7.484 8.407 —0.923 3.133 2.525
11 R = C¢Hs-4-OCH3, Ry =H 7.057 7.323 —0.267 2.273 3.174
12 R = C¢H4-4-OCH3, R, = ClI 8.268 8.042 0.226 3.000 3.174
13 R = Ce¢Hs-4-OH, R1 =H 7.171 7.009 0.162 1.789 2.718
14 R = C¢Hs-4-OH, R; = ClI 7.526 7.727 —0.202 2.516 2.718

a Data points not included in equation derivation.

The three outliers not included in this analysis
are marked in Table 24. They do not contain any
unusual substitution moiety except that all are Cl
derivatives.

3.25. Imidazobenzodiazepines

Cook et al %8 carried out a QSAR study on a number
of imidazobenzodiazepines exhibiting affinities at
recombinant auf3y2, Aaf3y2, 03f3Y2, AsPsy2, and aefsy2
GABA/benzodiazepine receptor subtypes (o, oy,
a3, 0s, ag), by means of CoOMFA. As a result, all of
the CoMFA models® offered good cross-validated
correlation for the ligands in the test set (Tables
25—35). Using the above-mentioned affinities we
evaluated eqs 31—35 (MR and o*3; were the para-
meters used in most cases). No role for hydrophobic-
ity was found (Clog P or x).

(a) log 1/K; [a1] = —0.388 (+0.131)CMR +
1.113 (£0.185)0*, + 8.695 (+1.140) (31)

n

=35 r’=0.824 ¢°=0.787

CMR versus o*; =
0.352; three compounds were omitted

§=0417 F,4=7527 a=0.01

(21, 30, and 31, Table 25)

In the above equation CMR refers to the overall
molar refractivity. The negative term suggests steric
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Table 25. K; Binding Affinities of Imidazobenzodiazepines for the a; Benzodiazepine Receptor Isoform:58

Compounds and Physicochemical Parameters for Derivation of Equation 31

Hadjipavlou-Litina et al.

x,

no. substituents Rs, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR 0*3
1 Rz = COOC;Hs, Rg=F 9.097 8.490 0.607 7.705 2.260
2 R; = COOC;Hs, Rg = ClI 8.167 8.305 —0.138 8.181 2.260
3 R; = COOC;Hs, Rg = Br 7.585 8.194 —0.609 8.467 2.260
4 R; = COOC;Hs, Rg = CN 8.000 8.310 —0.310 8.167 2.260
5 R3 = COOC;Hs, Rg = CH=CH> 8.081 8.116 —0.035 8.668 2.260
6 R; = COOC;Hs, Rg = C;Hs 7.690 8.136 —0.445 8.617 2.260
7 R; = COOC;Hs, Rg = OC,Hs 7.951 8.076 —0.126 8.771 2.260
8 = COOC;Hs, Rg = N3 8.481 8.204 0.277 8.441 2.260
9 = COOC;Hs, Rg = CH=C=CH, 8.426 7.927 0.499 9.154 2.260
10 R; = COOC;Hs, Rg = C=CH 7.547 8.185 —0.638 8.491 2.260
11 R3 COOC;Hs, Rg = C=C(CHy) 7.996 8.005 —0.009 8.954 2.260
12 = COOC;Hs, Rg = C=CJ[Si(CHa)3] 6.917 7.300 —0.383 10.770 2.260
13 R3 = COOC;Hs, Rg = C=CCH_[Si(CH3)3] 6.523 7.122 —0.599 11.230 2.260
14 R3 COOC(CHg)3, Rg = Cl 7.762 7.945 —0.183 9.109 2.260
15 = COOC(CHj3)3, Rg = Br 7.943 7.834 0.109 9.394 2.260
16 = COOC(CHz3)3, Rg = 1 8.013 7.629 0.385 9.924 2.260
17 R3 = COOC(CHz3)3, Rg = OH 8.824 8.076 0.748 8.771 2.260
18 R; = COOC(CHj3);, Rg = OCHjs 8.171 7.896 0.275 9.234 2.260
19 R3 = COOC(CHz3)3, Rg = N(CH3), 7.883 7.633 0.250 9.914 2.260
20 = COOC(CHz3)3, Rg = N-tetrahydropyrrole 8.237 7.343 0.894 10.660 2.260
212 R3 COOC(CHj3)3, Rg = N-hexahydropyridine 8.191 7.161 1.030 11.130 2.260
22 R3 COOC(CHg)3, Rs = N3 8.140 7.844 0.296 9.369 2.260
23 = COOC(CHz3)3, Rs = NCS 7.767 7.535 0.232 10.169 2.260
24 R3 = COOC(CHj3)3, Rs = NO, 7.893 7.898 0.006 9.229 2.260
25 R3 COOC(CHg)3, Rg = C2Hs 7.830 7.776 0.054 9.545 2.260
26 = COOC(CHj3)3, Rg = C=CH 7.570 7.825 —0.255 9.418 2.260
27 = COOC(CHz3)3, Rs = C=C[Si(CHs3)s] 6.706 6.939 —0.233 11.700 2.260
28 Rs = COOC(CHz3)3, Rg = C=CCH,[Si(CHj3)3] 6.561 6.761 —0.200 12.160 2.260
29 R; = COOCH_;-cy-C3Hs, Rg = Cl 7.785 8.971
302 R; = COCHjs, Rg = Cl 4.756 7.865 —3.109 7.564 1.65
312 R3; = COC4H,, Rg = CI 5.801 7.325 —1.524 8.956 1.65
32 R; = CH,0H, Rg = ClI 6.523 6.787 —0.264 7.218 0.560
33 R3 CH,0OCH3;, Rg = ClI 6.523 6.652 —0.039 7.682 0.520
34 = CH.CI, Rg=ClI 6.523 7.156 —0.633 7.556 1.010
35 R3 = CH,0C;Hs, Rg = ClI 6.523 6.449 0.074 8.146 0.580
36 R3 CH2N(C;Hs),, Rg = ClI 5.023 5.267 —0.604 9.289 0.240
37 = CH;N[CH(CHj3)],, Rs = ClI 5.377 5.267 0.110 10.126 0.240
38 = C,Hs5, Rg = Cl 6.389 5.931 0.458 7.529 —0.100
39 R3 = CsHi1, Rg =ClI 5.588 5.247 0.442 8.920 —0.230

a Data points not included in equation derivation.

hindrance. Electron-withdrawing groups seem to
have a significant role. Compound 29 was not in-
cluded in the derivation of the equation due to a
missing o*3 value.

(b)

log 1/K; [@2] = —0.407 (40.135)CMR +
1.105 (+0.189)0*, + 8.880 (+£1.172) (32)

n=30 r’=0846 ¢°=0.809 s=0411 F,,,=25272 o=0.01

CMR versus o 5 =

0.339; two compounds were omitted
(24 and 25, Table 26)

©
Rg
log 1/K; [03] =
n=35 r’=0.868 ¢°>=0.843

Again, a negative CMR seems to be the most
significant variable followed by o*.

—0.451 (£0.110)CMR +

1.13 (40.161)0*, + 9.348 (+0.956) (33)

$=0359 F,y=

70.539 a=0.01

Table 27 omitted compounds 17, 30, and 31. Com-
pound 29 was not included in the derivation of
equation due to a missing o*; value.
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Table 26. K, Binding Affinities of Imidazobenzodiazepines for the a, Benzodiazepine Receptor Isoform:%8
Compounds and Physicochemical Parameters for Derivation of Equation 32

no. substituents Rs, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR 0*3
1 R; = COOC;Hs, Rg = F 9.046 8.243 0.803 7.705 2.260
2 R; = COOC;Hs, Rg = Cl 7.788 8.049 —0.262 8.181 2.260
3 R; = COOC;Hs, Rg = Br 7.569 7.933 —0.365 8.467 2.260
4 R; = COOC;Hs, Rg = CN 7.347 8.055 —0.708 8.167 2.260
5 R; = COOC;Hs, Rg = CH=CH; 7.991 7.851 0.140 8.668 2.260
6 R; = COOC;Hs, Rg = CoHs 7.569 7.872 —0.303 8.617 2.260
7 Rz = COOC:Hs, Rg = OC;Hs 7.444 7.810 —0.366 8.771 2.260
8 Rs = COOC;Hs, Rg = N3 8.585 7.944 0.641 8.441 2.260
9 R; = COOC;Hs, Rg = CH=C=CH, 8.143 7.654 0.489 9.154 2.260
10 R3 = COOC;Hs, Rg = C=CH 7.670 7.924 —0.254 8.491 2.260
11 Rz = COOC;Hs, Rg = C=C(CHs) 7.654 7.735 —0.081 8.954 2.260
12 R; = COOC;Hs, Rg = C=C[Si(CHs3)3] 6.848 6.996 —0.148 10.770 2.260
13 R; = COOC;Hs, Rg = C=CCH_3[Si(CH3)3] 6.523 6.809 —0.286 11.230 2.260
14 R; = COOC(CHj3);, Rg = ClI 7.666 7.672 —0.007 9.109 2.260
15 R3 = COOC(CH3)3, Rg = Br 7.971 7.556 0.415 9.394 2.260
16 R; = COOC(CHas)s, Rs = 1 7.951 7.341 0.610 9.924 2.260
17 R; = COOC(CHas)s, R = NCS 7.472 7.243 0.230 10.169 2.260
18 R; = COOC(CHa)s, Rs = NO> 7.303 7.623 —0.320 9.229 2.260
19 R; = COOC(CHas)s, Rg = C2Hs 7.252 7.495 —0.243 9.545 2.260
20 R; = COOC(CHs)s, R = C=CH 7.580 7.546 0.034 9.418 2.260
21 R; = COOC(CHa)s, Rg = C=C[Si(CH3)s] 6.845 6.618 0.227 11.700 2.260
22 R; = COOC(CHs)s, Rg = C=CCH,[Si(CHs3)3] 6.412 6.431 —0.019 12.160 2.260
232 R; = COOCH,-cy-C3Hs, Rg = ClI 7.317 8.971
242 R; = COCHj3, Rg =ClI 4471 7.626 —3.156 7.564 1.65
252 R; = COC4Hg, Rg = ClI 5.543 7.060 —1.517 8.956 1.65
26 R; = CH,OH, Rg = CI 6.520 6.563 —0.043 7.218 0.560
27 R; = CH,OCHs, Rg = ClI 6.520 6.330 0.190 7.682 0.520
28 R; = CH,CI, Rg = ClI 6.520 6.922 —0.402 7.556 1.010
29 R; = CH,0C;Hs, Rg = ClI 6.520 6.207 0.313 8.146 0.580
30 Rs; = CH,N(C2Hs),, Rg = Cl 4.523 5.367 —0.814 9.289 0.240
31 Rs; = CH,N[CH(CHs3)],, Rg = ClI 4.900 4.989 —0.089 10.126 0.240
32 R; = CyHs, Rg = ClI 5.816 5.707 0.109 7.529 —0.100
33 R3 = CsHu1, Rg =Cl 5.538 4.997 0.540 8.920 —0.230

a Data points not included in equation derivation.

(d)

log 1/K; [o5] = —0.275 (£0.163)CMR +
1.34 (£0.228)0*; + 8.457 (+1.41) (34)
n=36 r’=0810 ¢*=0.773 s=0.773 F,3,;=70539 o=0.01

CMR versus o*; = 0.353; three outliers
(compounds 13, 29, and 30, Table 28)

(e)

log 1/K; [06] = —0.378 (+0.17)CMR +
1.197 (£0.266)0*; + 8.455 (+1.447) (35)
n=31 r’=0751 ¢°=0704 s=0501 F,,;=4242 a=001

CMR versus o*; = 0.458; six outliers
(compounds 1, 4, 5, 29, 30, and 38, Table 29)

Compound 28 was not included in the derivation of
equation due to a missing o*; value.

Parameter Importance: 6*; > CMR. Equations
33—35 define the role that steric hindrance plays for
affinities at recombinant BzR subtypes. Clog P can-
not replace CMR. Substituting Clog P for CMR in egs
33—35 gives a very poor fit, indicating interaction in
nonhydrophobic space. The negative CMR term sug-
gests a fitting to a macromolecule of limited steric
capability.

The o* values have been estimated for COO(CHy3)s,
COC4Hy, and CH;N(CH(CH5;),). groups as those of
COOC;Hs, COCHj3, and CH;N(C,Hs), respectively.
The QSARs of eqs 31—35 show a remarkable consis-
tency for the o term. Its coefficient is almost the same
for all of the different al, a2, a3, a5, and o6 BzR
subtypes. The positive sign of o* for R; indicates
that electron-withdrawing groups promote high bind-
ing affinity for all five benzodiazepine receptor iso-
forms.

For the following 36—40 QSARSs correlating in vitro
affinities of framework-constrained imidazoben-
zodiazepines® (Tables 30—34) at recombinant BzR
subtypes, the most significant parameters are
CMR and I.. |5 assigns 1 for 4H in the S configura-
tion and O for 4H in the R configuration. Its posi-
tive coefficient demonstrates that only the S
series of imidazobenzodiazepines bind tightly to all
five recombinant receptor subtypes, which is in
agreement with the earlier work of Fryer and
Haefely.6970
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Table 27. K, Binding Affinities of Imidazobenzodiazepines for the a; Benzodiazepine Receptor Isoform:%8
Compounds and Physicochemical Parameters for Derivation of Equation 33

no. substituents Rs, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR 0*3

1 R; = COOC;Hs, Rg = F 8.979 8.424 0.555 7.705 2.260

2 R3 = COOC;Hs, Rg =ClI 8.036 8.209 -0.173 8.181 2.260

3 R; = COOC;Hs, Rg = Br 7.886 8.080 —0.194 8.467 2.260

4 R; = COOC;Hs, Rg = CN 7.721 8.215 —0.494 8.167 2.260

5 R; = COOC;Hs, Rg = CH=CH, 8.161 7.989 0.172 8.668 2.260

6 R; = COOC;Hs, Rg = C;Hs 7.583 8.012 —0.428 8.617 2.260

7 Rs; = COOC;Hs, Rg = OC,Hs 7.772 7.943 —-0.171 8.771 2.260

8 R; = COOC;Hs, Rg = N3 8.602 8.091 0.511 8.441 2.260

9 R; = COOC;Hs, Rg = CH=C=CH;, 8.383 7.770 0.613 9.154 2.260
10 Rs = COOC;Hs, Rg = C=CH 7.588 8.069 —0.481 8.491 2.260
11 R; = COOC;Hs, Rg = C=C(CHj) 7.783 7.860 -0.077 8.954 2.260
12 Rz = COOC;Hs, Rg = C=CI[Si(CH3)3] 6.702 7.040 —0.338 10.770 2.260
13 R; = COOC;Hs, Rg = C=CCH,[Si(CH3)3] 6.523 6.832 —0.310 11.230 2.260
14 Rz = COOC(CHs3)s, Rg = Cl 7.536 7.790 —0.254 9.109 2.260
15 Rs; = COOC(CHj3)s, Rs = Br 8.036 7.661 0.375 9.394 2.260
16 R3; = COOC(CHj3)3, Rg = | 7.963 7.422 0.540 9.924 2.260
172 R3; = COOC(CHgs)3, Rs = OH 9.276 7.943 1.333 8.771 2.260
18 R3 = COOC(CHz3)3, Rg = OCH3 8.130 7.733 0.396 9.234 2.260
19 R; = COOC(CHj3)s, Rg = N(CH3), 7.419 7.427 —0.008 9.914 2.260
20 R; = COOC(CHj3)s, Rg = N-tetrahydropyrrole 6.772 7.090 —0.318 10.660 2.260
21 R3 = COOC(CHp3s)3, Rs = N-hexahydropyridine 6.830 6.878 —0.048 11.130 2.260
22 Rz = COOC(CHs3)3, Rs = N3 8.247 7.673 0.574 9.369 2.260
23 R3 = COOC(CHg3)3, Rs = NCS 7.301 7.314 —0.012 10.169 2.260
24 Rz = COOC(CHz3)s, Rs = NO» 7.520 7.736 —0.216 9.229 2.260
25 Rs = COOC(CHs3)s, Rs = CoHs 7.597 7.593 0.004 9.545 2.260
26 R3 = COOC(CH3)3, Rg = C=CH 7.728 7.650 0.078 9.418 2.260
27 Rz = COOC(CHz3)3, Rg = C=C[Si(CHsa)s] 6.593 6.620 —0.027 11.700 2.260
28 R3 = COOC(CH3)3, Rg = C=CCH5[Si(CH3)s] 6.472 6.413 0.060 12.160 2.260
29 R; = COOCH;-cy-C3Hs, Rg = Cl 7.372 8.971
302 R; = COCHjs, Rg = ClI 4.655 7.798 —3.143 7.564 1.65
312 R; = COC4Hy, Rg = ClI 5.562 7.170 —1.607 8.956 1.65
32 R3 = CH,OH, Rg = ClI 6.523 6.722 —0.199 7.218 0.560
33 R3 = CH,OCH3;, Rg = ClI 6.523 6.468 0.055 7.682 0.520
34 R; = CH,CI, Rg = ClI 6.523 7.078 —0.555 7.556 1.010
35 Rz = CH,OC;Hs, Rg = ClI 6.523 6.326 0.197 8.146 0.580
36 R; = CH;N(CzHs),, Rg = Cl 4.812 5.426 -0.614 9.289 0.240
37 R3 = CH2N[CH(CHs3)]2, Rs = ClI 5.203 5.007 0.196 10.126 0.240
38 R3 = C;Hs, Rg = ClI 5.949 5.836 0.113 7.529 —0.100
39 Rs = CsHy1, Rg =Cl 5.537 5.061 0.476 8.920 —0.230
a Data points not included in equation derivation.

® (h)

N
( ¢
X COOC,H; \ COOC,Hs
N
Ry’ e N\
o Re CH,

log 1/K; [a1] = —0.229 (+0.166)CMR +

1.038 (40.387)l,

+ 8.476 (+1.688) (36)

n=10 r’=0893 ¢°=074 s=0235 F,,=2893 o=0.01
CMR versus I, = —0.143
)
N
!
\ COOC,Hs

Ry N

(o)

CH,

log 1/K, [03] = 1.237 (0.515)I, —

0.270 (£0.221)CMR + 9.025 (£+2.245) (38)
F,,=2308 a=001
—0.143

n=10

()

r>=0.868 @ =0.685

s =0.312,

CMR versus I =

Rg

N

N

CH;

COOC,H;s

log 1/K; [02] = 1.242 (+0.370)I_ —

n=10

0.230 (£0.158)CMR + 8.462 (+1.611) (37)
r’=0923 q°=0814 s=0.224 F,,=4240 a=0.01

CMR versus I, = —0.143

(6]
log 1/K; [a5] = 2.839 (+0.535)I, —

0.261 (0.200)CMR + 8.71 (+2.119) (39)

n=9 r’=0976 ¢*=0.889

s=0.263 F,s=108.246 a=0.01

CMR versus I, = —0.265, one outlier (compound 6)



QSAR on Non-Benzodiazepine Compounds Binding to NzR

Chemical Reviews, 2004, Vol. 104, No. 9 3773

Table 28. K, Binding Affinities of Imidazobenzodiazepines for the as Benzodiazepine Receptor Isoform:%8
Compounds and Physicochemical Parameters for Derivation of Equation 34

no. substituents Rs, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR 0*3
1 R; = COOC;Hs, Rs=F 9.222 9.366 —0.144 7.705 2.260
2 R; = COOC;Hs, Rg = ClI 9.071 9.235 —0.164 8.181 2.260
3 R; = COOC;Hs, Rg = Br 9.155 9.156 —0.001 8.467 2.260
4 R3; = COOC;Hs, Rg = CN 8.222 9.239 —-1.017 8.167 2.260
5 R3; = COOC;Hs, Rg = CH=CH; 9.398 9.101 0.297 8.668 2.260
6 R3 = COOC;Hs, Rg = C;Hs 8.824 9.115 —-0.291 8.617 2.260
7 R3; = COOC;Hs, Rg = OC,Hs 8.971 9.073 —0.102 8.771 2.260
8 R3 = COOC;Hs, Rg = N3 9.569 9.163 0.405 8.441 2.260
9 R3; = COOC;Hs, Rg = CH=C=CH, 8.955 8.967 —0.013 9.154 2.260
10 Rz = COOC;Hs, Rg = C=CH 9.310 9.150 0.160 8.491 2.260
11 R3; = COOC;Hs, Rg = C=C(CH5) 8.775 9.022 —0.248 8.954 2.260
12 Rs = COOC;Hs, Rs = C=C[Si(CHs3)] 8.301 8.523 —0.222 10.770 2.260
132 Rz = COOC;Hs, Rg = C=CCH.[Si(CHs)3] 6.523 8.397 —-1.874 11.230 2.260
14 R3; = COOC(CHg)3, Rs = ClI 9.187 8.980 0.207 9.109 2.260
15 Rz = COOC(CHg3)3, Rs = Br 9.328 8.901 0.427 9.394 2.260
16 R3 = COOC(CHg)3, Rs =1 9.420 8.756 0.664 9.924 2.260
17 Rz = COOC(CHgs);, Rs = OH 9.854 9.073 0.781 8.771 2.260
18 R3 = COOC(CHz3)s, Rg = OCH3 9.533 8.945 0.588 9.234 2.260
19 R3 = COOC(CH3)3, Rg = N(CH3)2 9.108 8.758 0.349 9.914 2.260
20 R3; = COOC(CHpgs)s, Rs = N-tetrahydropyrrole 8.034 8.553 —0.590 10.660 2.260
21 R3 = COOC(CHp3s)3, Rs = N-hexahydropyridine 8.374 8.424 —0.050 11.130 2.260
22 R3 = COOC(CH3)3, Rs = N3 9.523 8.908 0.615 9.369 2.260
23 Rz = COOC(CHgs)3, Rs = NCS 8.602 8.690 —0.087 10.169 2.260
24 R3; = COOC(CHgs)3, Rs = NO; 8.456 8.947 —0.041 9.229 2.260
25 R3 = COOC(CHgs)3, Rg = CoHs 8.764 8.860 —0.095 9.545 2.260
26 R3 = COOC(CH3)3, Rg = C=CH 9.398 8.895 0.503 9.418 2.260
27 Rs; = COOC(CHj3)3, Rg = C=C[Si(CHs3)s] 8.267 0.316 11.700 2.260
28 R3 = COOC(CHpgs)3, R = C=CCH_[Si(CHy3)s] 8.583 8.141 —0.503 12.160 2.260
292 R3 = COOCH,-cy-CsHs, Rg = Cl 8.009 8.971
302 R; = COCHg3, Rg = ClI 5.583 8.587 —3.004 7.564 1.65
31 R; = COC4Hg, Rg = CI 6.780 8.205 —1.425 8.956 1.65
32 R; = CH,OH, Rg = CI 6.523 7.222 —0.700 7.218 0.560
33 R3; = CH,OCHg3, Rg = CI 7.411 7.041 —0.37 7.682 0.520
34 Rz = CH.CI, Rg = CI 7.545 7.732 —-0.187 7.556 1.010
35 R; = CH,0OC;Hs, Rg = ClI 7.082 6.994 0.088 8.146 0.580
36 R3 = CH;N(CzH5s)2, Rs = ClI 5.588 6.224 —0.636 9.289 0.240
37 R3 = CH;N[CH(CHg3)]2, Rg = CI 5.871 5.969 —0.098 10.126 0.240
38 Rs = C;Hs, Rg = Cl 6.740 6.253 0.487 7.529 —0.100
39 Rz = CsHj1, Rg=ClI 6.433 5.696 0.737 8.920 —0.230

a Data points not included in equation derivation.

(k)
N
Y
( COOC,Hs
N

Ry N,

4 CH;

log 1/K; [06] = 0.903 (£0.490)I_ —
0.221 (£0.183)CMR + 8.29 (+1.941) (40)

n=9 r’=0.866 ¢°=0487 s$=0241 F,;=19.40 o =001

CMR versus I, = —0.265, one outlier
(compound 6); parameter importance: I, > CMR

Equations 36—40 show a linear relationship of
binding affinity with Is and CMR. Because MR is a
measure of bulk, a negative term suggests steric
hindrance, either directly or through a conforma-
tional change in the receptor. In terms of CMR the
binding of imidazobenzodiazepines in al, a2, a3, a5,
and a6 subtypes is identically the same.

(m) From the affinities of 3-alkyl-1,2,4-oxadiazole-
4,5-substituted imidazobenzodiazepines® (Table 35)

CzH A

log 1/K; [05] = —0.607 (£0.303)Lg, +
10.415 (+£1.367) (41)

n=8 r’=0799 ¢°=0.636 s=0430 F,(=23.989 «a=0.01

The most important single variable is Lg, the steri-
mol parameter for the length of the first atom of the
substituent R'. Lgr points to a steric effect that brings
out the critical fit of the ligands to the macromolecule.
The omitted compound (compound 2, Table 35) has
the 4H in the R configuration.

3.26. Imidazobenzodiazepines

Cook et al.,”*2 ¢ continuing the attempts on phar-
macophore/receptor models for recombinant GABAA/
BzR subtypes, have published a SAR ligand-mapping
approach. Their study was based on the affinities of
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Table 29. K; Binding Affinities of Imidazobenzodiazepines for the as Benzodiazepine Receptor Isoform:58
Compounds and Physicochemical Parameters for Derivation of Equation 35

no. substituents Rs, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR 0*3
1a = COOC;Hs, Rg=F 6.830 8.251 —1.421 7.705 2.260
2 R3 COOC;Hs, Rg = CI 7.263 8.072 —0.809 8.181 2.260
3 = COOC;Hs, Rg = Br 7.658 7.964 —0.306 8.467 2.260
42 = COOC;Hs, Rg=CN 6.000 8.077 —2.077 8.167 2.260
52 R3 = COOC;Hs, Rg = C;Hs 6.754 7.907 —1.152 8.617 2.260
6 R3 = COOC;Hs, Rg = OC;Hs 7.288 7.849 —0.561 8.771 2.260
7 = COOC;Hs, Rg = N3 8.420 7.973 0.447 8.441 2.260
8 R3 COOC;Hs, Rg = CH=C=CH, 7.354 7.704 —0.351 9.154 2.260
9 = COOC;Hs, Rg = C=CH 7.541 7.955 -0.414 8.491 2.260

10 R3 = COOC;Hs, Rg = C=C(CH3) 7.000 7.094 —0.780 8.954 2.260

11 R3 COOC;Hs, Rg = C=C[Si(CHj3)s] 6.944 6.920 —0.150 10.770 2.260

12 = COOC;Hs, Rg = C=CCH,Si(CHs3)3] 6.523 7.721 —0.398 11.230 2.260

13 R3 = COOC(CHz3)3, Rg = ClI 8.398 7.613 0.677 9.109 2.260

14 R; = COOC(CHj3);, Rg = Br 8.027 7.414 0.413 9.394 2.260

15 Rs = COOC(CHj3)3, Rg = 1 8.337 7.849 0.924 9.924 2.260

16 R; = COOC(CHj3)3, Rg = OH 8.162 7.674 0.313 8.771 2.260

17 R3 = COOC(CHz3)3, R = OCH3 8.082 7.417 0.408 9.234 2.260

18 = COOC(CHp3s)3, Rg = N(CHy3), 6.928 7.136 —0.489 9.914 2.260

19 R3 COOC(CHpg)s, Rs = N-tetrahydropyrrole 6.488 6.958 —0.648 10.660 2.260

20 = COOC(CHj3)3, Rg = N-hexahydropyridine 6.607 7.623 —0.351 11.130 2.260

21 R3 = COOC(CHg3s)s3, Rg = N3 8.280 7.623 0.657 9.369 2.260

22 R; = COOC(CHj3)s, Rg = NCS 7.513 7.323 0.190 10.169 2.260

23 R3 = COOC(CHj3)3, Rg = NO, 7.648 7.676 —0.028 9.229 2.260

24 = COOC(CHz3)3, Rg = CoHs 7.640 7.557 0.084 9.545 2.260

25 R3 COOC(CHpg)3, Rg = C=CH 8.292 7.604 0.688 9.418 2.260

26 = COOC(CHp3s)s3, Rg = C=C[Si(CH3)3] 7.232 6.743 0.489 11.700 2.260

27 R3 COOC(CHpg)3, Rg = C=CCHj,[Si(CH3)3] 6.521 6.569 —0.048 12.160 2.260

28 R3 COOCH,-cy-C3Hs, Rg = ClI 6.775 8.971

292 = COCHjs;, Rg =ClI 4.530 7.574 —3.044 7.564 1.65

302 R3 = COC4Hy, Rg=ClI 5.553 7.049 —1.516 8.956 1.65

31 R3 = CH,0H, Rg = ClI 6.523 6.400 0.123 7.218 0.560

32 = CH,0OCHjs, Rg =ClI 6.523 6.177 0.346 7.682 0.520

33 R3 CH.CI, Rg =ClI 6.523 6.811 —0.288 7.556 1.010

34 = CH,0C;Hs, Rg = ClI 6.523 6.074 0.449 8.146 0.580

35 R3 = CH2N(C;Hs),, Rg = CI 4.521 5.235 —-0.714 9.289 0.240

36 R; = CH,N[CH(CHz3)],, Rs = ClI 5.066 4.885 0.181 10.126 0.240

37 R; = C;Hs, Rg = Cl 5.438 5.492 —0.054 7.529 —0.100

382 Rs; = CsHi1, Rg=ClI 6.018 4811 1.206 8.920 —0.230

a Data points not included in equation derivation.

Table 30. K, Binding Affinities of Imidazobenzodiazepines for the oy Benzodiazepine Receptor Isoform:%8
Compounds and Physicochemical Parameters for Derivation of Equation 36

no. substituents Ry, Rz, Rs obsd log 1/K; calcd log 1/K; Alog 1/K; CMR Is
1 R1, R2 = 4,5-(CH.)s, Rg = Br (S) 7.310 7.399 —0.089 9.217 1
2 Ri, R2 = 4,5-(CHy2)3, Rs = Br (R) 6.000 6.361 —0.361 9.217 0
3 R1, R> = 4,5-(CHy)3, Rg = C=C[Si(CHj3)3] (S) 6.699 6.87 -0.171 11.520 1
4 Ri, Rz = 4,5-(CH2)3, Rg = C=C[Si(CHs3)3] (R) 6.000 5.832 0.168 11.520 0
5 R1, R2 = 4,5-(CHy)3, Rg = C=C (S) 7.229 7.393 —0.094 9.241 1
6 Ri, R2 = 4,5-(CHy)3, Rs = C=CH (R) 6.548 6.355 0.179 9.241 0
7 Ri1, Rz = 4,5-(CHy)2, Rg = Br (S) 7.770 7.505 0.265 8.753 1
8 R1, R2 = 4,5-(CHy)2, Rg = C=C[Si(CH3)3] (S) 7.081 6.978 0.103 11.050 1
9 R1, Rz = 4,5-(CHy),, Rg = C=CH (S) 7.678 7.500 0.178 8.777 1
10 Ri1, Rz = 4,5-(CH2)3, R = OCH35 (S) 7.314 7.435 —0.121 9.057 1
Table 31. K; Binding Affinities of Imidazobenzodiazepines for the o, Benzodiazepine Receptor Isoform:®®
Compounds and Physicochemical Parameters for Derivation of Equation 37
no. substituents Ry, R, Rs obsd log 1/K; calcd log 1/K; Alog 1/K; CMR Is
1 R1, R2 = 4,5-(CHy)s, Rg = Br (S) 7.538 7.586 —0.049 9.217 1
2 Ri, R2 = 4,5-(CH2)s3, Rs = Br (R) 6.000 6.334 —0.344 9.217 0
3 R]_, R, = 4,5-(CH2)3, Rg = CEC[SI(CH3)3] (S) 6.907 7.057 —0.159 11.520 1
4 R1, Rz = 4,5-(CHy)3, Rg = C=C[Si(CH3)3] (R) 6.000 5.815 0.185 11.520 0
5 Ri, R2 = 4,5-(CH2)3, Rg = C=CH (S) 7.357 7.581 —0.224 9.241 1
6 Ri1, R2 = 4,5-(CHy)3, Rg = C=CH (R) 6.498 6.339 0.159 9.241 0
7 Ri1, Rz = 4,5-(CHy)2, Rg = Br (S) 7.886 7.693 0.193 8.753 1
8 Ri, R2 = 4,5-(CHy)2, Rg = C=C[Si(CH3)3] (S) 7.222 7.165 0.057 11.050 1
9 R1, Rz = 4,5-(CH2)2, Rs = C=CH (S) 7.921 7.687 0.234 8.777 1
10 Ri, R2 = 4,5-(CH2)3, Rg = OCH35 (S) 7.562 7.623 —0.061 9.057 1
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Table 32. K, Binding Affinities of Imidazobenzodiazepines for the a; Benzodiazepine Receptor Isoform:8
Compounds and Physicochemical Parameters for Derivation of Equation 38

no. substituents R, Rz, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR Is
1 R1, Rz = 4,5-(CH.)s, Rg = Br (S) 7.824 7.776 0.021 9.217 1
2 Ri1, R, = 4,5-(CH3)3, Rs = Br (R) 6.000 6.540 —0.88 9.217 0
3 R1, Rz = 4,5-(CHy)3, Rs = C=C[Si(CHj3)3] (S) 7.102 7.155 0.060 11.520 1
4 R1, Rz = 4,5-(CHy)3, Rg = C=C[Si(CHj3)3] (R) 6.000 5.919 —0.119 11.520 0
5 R1, R, = 4,5-(CHy)3, Rg = C=CH (S) 7.569 7.770 -0.227 9.241 1
6 R1, R, = 4,5-(CHy)3, Rs = C=CH (R) 6.991 6.533 0.119 9.241 0
7 Ri1, R2 = 4,5-(CHy)2, Rg = Br (S) 8.174 7.901 0.218 8.753 1
8 R1, Rz = 4,5-(CH>)2, Rg = C=CJ[Si(CHa)3] (S) 7.319 7.282 0.121 11.050 1
9 R1, Rz = 4,5-(CHy),, Rg = C=CH (S) 8.000 7.815 0.052 8.777 1
10 R1, R, = 4,5-(CH2)3, Rs = OCHg3 (S) 7.611 7.819 —0.245 9.057 1
Table 33. K, Binding Affinities of Imidazobenzodiazepines for the as Benzodiazepine Receptor Isoform:58
Compounds and Physicochemical Parameters for Derivation of Equation 39
no. substituents R, Rz, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR Is
1 R1, R, = 4,5-(CHy)s, Rg = Br (S) 9.000 9.140 —0.14 9.217 1
2 R1, R, = 4,5-(CHy)3, Rs = Br (R) 6.000 6.301 —0.301 9.217 0
3 R1 R; = 4,5-(CHy)3, Rs = C=C[Si(CHj3)3] (S) 8.398 8.538 -0.14 11.520 1
4 R1, R, = 4,5-(CHy)3, Rg = C=C[Si(CHj3)3] (R) 6.000 5.699 0.301 11.520 0
5 R1, R2 = 4,5-(CHy)3, Rg = C=CH (S) 8.886 9.134 —0.248 9.241 1
62 Ri1, R2 = 4,5-(CHy)3, Rg = C=CH (R) 8.143 6.295 1.848 9.241 0
7 R1, R, = 4,5-(CH),, Rg = Br (S) 9.523 9.261 0.262 8.753 1
8 R1, R, = 4,5-(CHy),, Rg = C=C[Si(CHj3)3] (S) 8.585 8.661 —0.076 11.050 1
9 R1, R, = 4,5-(CH,),, Rg = C=CH (S) 9.432 9.235 0.177 8.777 1
10 R1, R2 = 4,5-(CH2)3, Rg = OCH3 (S) 9.347 9.182 0.165 9.057 1
@ Data point not included in equation derivation.
Table 34. K; Binding Affinities of Imidazobenzodiazepines for the as Benzodiazepine Receptor Isoform:®
Compounds and Physicochemical Parameters for Derivation of Equation 40
no. substituents Ri, Ry, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; CMR Is
1 R1, R2 = 4,5-(CH>)3, Rg = Br (S) 7.337 7.157 0.180 9.217 1
2 R1, Rz = 4,5-(CH>)s, Rg = Br (R) 6.000 6.254 —0.254 9.217 0
3 R1, Rz = 4,5-(CHy)3, Rg = C=[CSi(CHz3)3] (S) 6.469 6.648 —0.179 11.520 1
4 R1, Rz = 4,5-(CHy)3, Rg = C=C[Si(CHj3)3] (R) 6.000 5.746 0.254 11.520 0
5 Ri1, R, = 4,5-(CH.)s, Rg = C=CH (S) 6.900 7.152 —0.252 9.241 1
62 Ri1, R2 = 4,5-(CHy)3, Rg = C=CH (R) 7.215 6.249 0.966 9.241 0
7 R1, Rz = 4,5-(CH)2, Rg = Br (S) 7.509 7.259 0.250 8.753 1
8 R1, R, = 4,5-(CHy),, Rg = C=C[Si(CHj3)3] (S) 6.745 6.752 —0.007 11.050 1
9 R1, R, = 4,5-(CH_),, Rg = C=CH (S) 7.377 7.254 0.123 8.777 1
10 R1, R, = 4,5-(CHy)3, Rg = OCHs (S) 7.080 7.192 -0.112 9.057 1

a Data point not included in equation derivation.

Table 35. K; Binding Affinities of 3-(3-X-1,2,4-oxadiazole)-4,5-substituted Imidazobenzodiazepines for the as
Benzodiazepine Receptor Isoform:® Compounds and Physicochemical Parameters for Derivation of Equation 41

no. substituents R', Ry, Rz obsd log 1/K; calcd log 1/K; Alog 1/K; Lr

1 R’ = 3-CH3, Ry, R2 = 4,5-(CHy)s (S) 8.432 8.674 —0.243 2.870
22 = 3-CH3, Ry, R2 = 4,5-(CH2)3 (R) 6.804 8.674 —1.87 2.870
3 = 3-C2H5, Rl, Rz = 4,5-(CH2)3 (S) 8.620 7.922 0.698 4,110
4 R' = 3-CH(CHs)2, R1, R2 = 4,5-(CH2)3 (S) 8.319 7.922 0.397 4.110
5 R' = 3-CsHs, R1, R2 = 4,5-(CHy)3 (S) 6.342 6.606 —0.264 6.280
6 = 3-CH3, Ry, R2 = 4,5-(CHy)2 (S) 8.143 8.674 —0.532 2.870
7 R’ = 3-C;Hs, Ry, Rz = 4,5-(CHy). (S) 7.896 7.922 0.026 4.110
8 = 3-CH(CHs)2, R1, R2 = 4,5-(CH>): (S) 8.071 7.922 0.148 4.110
9 R' = 3-CsHs, R1, R2 = 4,5-(CHb)2 (S) 6.427 6.606 —0.179 6.280

a Data point not included in equation derivation.

151 BzR ligands at five distinct o4-35,633y2 recombi-
nant GABAA/BzR receptor subtypes from at least
nine different structutral families. Examination of
the included volumes of the a;-, as-, and os-containing
subtypes indicated that region L, for the as-contain-
ing subtype appeared to be larger in size than the
analogous region of the other receptor subtypes.
Region Lp,, in contrast, appeared to be larger in the

ou subtype than in the other two subtypes. In the os
subtype, region L is either very small or nonexistent.

The in vitro affinities for ligands in Tables 36—39,
41-43, and 45—48 employed in the study were
obtained by competition for [*H]JRo 151788 binding
to recombinant receptor subtypes at 4 °C, whereas
for ligands in Tables 40 and 44 the in vitro affinities
were obtained by competition for [*H]JRo 154513
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Table 36. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid Ethyl Esters for a.f3y. Benzodiazepine
Isoform:” Compounds and Physicochemical
Parameters for Derivation of Equation 42

Hadjipavlou-Litina et al.

Table 39. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid Ethyl Esters for asfsy, Benzodiazepine
Isoform:7' Compounds and Physicochemical
Parameters for Derivation of Equation 45

obsd calcd

obsd calcd

no. substituents Rg log 1/K; log 1/K; Alog 1/Ki CMR no. substituents Rg log 1/K; log 1/K; Alog 1/K; MgVol
1 H 8.921 8.624 0.297 7.69 1 H 9.40 9.80 —0.40 2.071
2 F 9.097 8.615 0.482 7.71 22 F 9.22 9.75 —0.53 2.089
3 ClI 8.167 8.328 —0.160 8.18 3 ClI 9.07 9.43 —0.36 2.193
4  Br 7.583 8.155 —0.570 8.47 4 Br 9.15 9.27 -0.12 2.246
5 CN 8.000 8.336 —0.336 8.17 52 CN 8.22 9.39 ~1.11 2225
6 CH=CH, 8.081 8.034 0.047 8.67 6 CH=CH, 9.40 9.08 0.32 2.310
7 CyHs 7.690 8.064 —0.374 8.62 7 CoHs 8.82 8.95 ~0.13 2.353
8 OC:Hs 7.955 7972 —0.017 877 8 OC,H: 897 878 020 2411
9 Ns 8.481 8.171 0.311 8.44
102 CH=C=CH; 8.426 7.740 0.686 9.15 9 Ns —— 9.52 9.16 0.36 2.284
- 10 CH=C=CH; 8.96 8.66 0.30 2.451
112 C=CH 7.547 8.141 —0.594 8.49 _
_ 11 C=CH 9.31 9.21 0.10 2.267
12 C=CCHjs; 7.996 7.861 0.135 8.95 _
i 12 C=CCHjs; 8.77 8.79 —0.01 2.408
13 C=CSi(CHg3)3 6.917 6.765 0.152 10.77 .
14 C=CCH.Si(CHs); 6523 6.488 0035 11.23 13 C=CSi(CHa)s 830 719 111 2.935
14 C=CCH.Si(CH3); 6.52 6.77 —0.25 3.076

a Data points not included in equation derivation.

Table 37. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid Ethyl Esters for afsy. Benzodiazepine
Isoform:'2 Compounds and Physicochemical
Parameters for Derivation of Equation 43

obsd calcd
no. substituents Rg log 1/K; log 1/K; Alog 1/K; Bs MgVol

1 H 8.70 8.64 0.06 1.0 2.071
2 F 9.05 8.69 0.36 1.35 2.089
3 ClI 7.79 8.10 —0.31 1.80 2.193
4 Br 7.57 7.76 —0.20 1.95 2.246
5 CN 7.35 7.73 —0.39 1.60 2.225
6 CH=CH; 7.99 7.88 0.11 3.09 2310
7 CoHs 7.57 7.59 —0.02 3.17 2.353
8 OCyHs 7.44 7.22 0.22 336 2411
9 Ns 8.59 8.69 —0.10 4.18 2.284
102 CH=C=CH> 8.14 7.14 1.00 3.78 2451
11 C=CH 7.67 7.41 0.26 1.60 2.267
122 C=CCHzs 7.65 6.53 113 2.040 2.408
13 C=CSi(CHz3)3 6.85 2.935
14 C=CCHSi(CH3); 6.52 3.076

a Data points not included in equation derivation.

Table 38. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid Ethyl Esters for asfisy. Benzodiazepine
Isoform:”2 Compounds and Physicochemical
Parameters for Derivation of Equation 44

obsd calcd
no. substituents Rg log 1/K; log 1/K; Alog 1/K; Bs MgVol

1 H 8.96 8.76 0.19 1.0 2.071
2 F 8.96 8.80 0.16 1.35 2.089
3 Cl 8.04 8.26 —0.22 180 2.193
4 Br 7.89 7.95 —0.06 1.95 2.246
5 CN 7.72 7.93 —0.21 1.60 2.225
6 CH=CH: 8.16 8.03 0.13 3.09 2310
7 CoHs 7.58 7.75 —0.17 3.17 2.353
8 OCyHs 7.77 7.42 0.35 3.36 2411
9 N3 8.60 8.73 —0.13 4.18 2.284
102 CH=C=CH> 8.39 7.34 1.05 3.78 2451
11 C=CH 7.59 7.63 —0.04 1.60 2.267
122 C=CCHzs 7.78 6.82 0.96 2.040 2.408
13 C=CSi(CHz3)3 6.70 2.935
14 C=CCHSi(CH3); 6.52 3.076

a Data points not included in equation derivation.

binding to recombinant receptor subtypes at 4 °C.
Using the above-mentioned affinities we evaluated
eqs 42—55.

a Data points not included in equation derivation.

Table 40. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid Ethyl Esters for ogflsy. Benzodiazepine
Isoform:7'2 Compounds and Physicochemical
Parameters for Derivation of Equation 46

obsd  calcd
no. substituents Rg log 1/K; log 1/K; Alog 1/K; Bs o)

1 H 6.52  6.85 024 10 0
22 F 6.83 739 —056 135 052
3 cl 726 744 —0.18 180 047
4 Br 766 7.44 022 1.95 0.44
5 CoHs 6.75 697 —021 160 —0.01
6 OCyHs 729 759 —0.30 3.09 0.8
7 Ns 8.42 7.22 013 317 042
8 CH=C=CH, 7.35  7.03 051 3.36 0.020
92 C=CH 754 720 —020 418 0.29
10 C=CCHj 7.00 7.394 —0394 378 0.30
11 C=CSi(CHa)s 6.94 1.60

12 C=CCH,Si(CHa)s 6.52 2.040

a Data points not included in equation derivation.

Table 41. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic Acid
tert-Butyl Esters for a,f3y. Benzodiazepine Isoform:712
Compounds and Physicochemical Parameters for
Derivation of Equation 47

obsd calcd

no. substituents Rg log 1/K; log 1/K; Alog 1/K; MgVol
1 H 7.762 8207 —0.445 2475
2 Br 7.943 8105 —0.162 2.528
3 1 8.013  7.945 0.069 2.611
4 OH 8.824  8.330 0.494 2.411
5 OCHs; 8.171 8.058 0.114  2.552
6 N(CHs), 7.883  7.706 0.176 2.734
7 Ns 8.140 8.031 0.109 2.566
8 NCS 7.767 7.829 —0.062 2.671
9 NO; 7.893 8107 —0.214 2527
10 CyHs 7.83 7.899 —0.069 2.634
112 C=CH 7.57 8.065 —0.495 2.548
12 C=CSi(CHs); 6.706 6.775 —0.069 3.217

13 C=CCHSi(CH3); 6.561  6.503 0.058 3.358

a Data point not included in equation derivation.

For the QSARs correlating in vitro affinities of
imidazobenzodiazepine 3-carboxylic acid ethyl esters
at recombinant BzR subtypes, Tables 36—40, the
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Table 42. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid tert-Butyl Esters for asflsy, Benzodiazepine
Isoform:7'2 Compounds and Physicochemical
Parameters for Derivation of Equation 48

obsd calcd

no. substituents Rg log 1/K; log 1/K; Alog 1/K;i MgVol

12 H 7536 7.967 —0.431 2.475
2 Br 8.036  7.873 0.164 2.528
3 1 7.963 7.724 0.239 2.611
42 OH 9.276  8.081 1.195 2411
5 OCHs 8.130 7.829 0.301 2.552
6 N(CHa), 7.419 7503 —0.084 2734
7 N3 8.007 7.804 0.203  2.566
8 NCS 7.301 7.616 —0.315 2.671
9 NO; 7.520 7.874 —-0.35 2.527
10 CiHs 7.597 7.682 —0.085 2.634
11 C=CH 7.728 7.835 —0.107 2.548
12 C=CSi(CHs); 6.593 6.639 —0.046 3.217

13 C=CCH.Si(CH3); 6.472 6.387 0.085 3.358

a Data points not included in equation derivation.

Table 43. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid tert-Butyl Esters for asfsy, Benzodiazepine
Isoform:” Compounds and Physicochemical
Parameters for Derivation of Equation 49

obsd calcd

no. substituents Rg log 1/K; log 1/K; Alog 1/K; MgVol

1 H 9.187 9.490 —0.303 2475
2 Br 9.328 9.376  —0.048 2.528
3 1 9.420  9.196 0.224 2.611
4 OH 9.854  9.627 0.227 2411
5 OCHs 9.538 9.323 0.215 2.552
6 N(CHa), 9.108  8.930 0.178 2.734
7 N3 9.523  9.293 0.230 2.566
8 NCS 8.602 9.067 —0.465 2.671
92 NO; 8.456  9.378 —0.922 2527
10 CoHs 8.764 9.145 —-0.381 2.634
11 C=CH 9.398 9.331 0.067 2.548
122 C=CSi(CHs3); 8.583  7.886 0.697 3.217
13 C=CCH,Si(CH3); 7.638  7.582 0.056 3.358

a Data points not included in equation derivation.

Table 44. Affinities of 5,6-Dihydro-5-methyl-6-oxo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic
Acid tert-Butyl Esters for agflsy, Benzodiazepine
Isoform:”2 Compounds and Physicochemical
Parameters for Derivation of Equation 50

obsd calcd
no. substituents Rg log 1/K; log 1/K; Alog 1/K;j MgVol L

1 H 8.40 820 0.20 2475 3.520
2 Br 8.03 806 —004 2528 3.820
3 | 834  7.83 051 2611 4.230
4 OH 816  8.16 0.00 2411 2.740
5 OCHs 8.08 801 0.07 2552 3.980
6 N(CHa): 6.93  6.86 0.06 2734 3.530
7 N 828 824 0.04 2566 4.620
8 NCS 751 754  —003 2671 4.290
9 NO, 765 7.89 024 2527 3.440

10 CyHs 764 765 001 2634 4.110

11 C=CH 829 835 —005 2548 4.660

12 C=CSi(CHa)s 7.23 3.217

13 C=CCH,Si(CHs); 6.52 3.358

a Data point not included in equation derivation.

most significant parameters are CMR, MgVol, Bs,
and in one case the electronic effect, o (eq 46).
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@
COOEt

N

(c
N
g

N
R ‘o

(¢}

log 1/K; = —0.603 (& 0.199)CMR +
13.264 (+ 1.767) (42)

n=12 r’=0819 ¢*=0761 s$=0.326 F,;;,=28.760 o=0.01

Two points are omitted (10 and 11, Table 36). The
negative term with CMR suggests steric hindrance.

(®)

N COOEt
{ c
N
G s
N
Ry et

log 1/K; = —7.969 (+3.335)MgVol +
0.551 (+0.339)B; + 24.586 (+6.893) (43)

n=10 r’=0824 ¢°=0631 s=0283 F,;=16.40 «a=0.01

parameter importance:
MgVol > B, MgVol versus B; 0.611

Two points are omitted (10 and 12, Table 37).
(©)

/N COOEt
( c
N
gt
N
Rg \CH3

log 1/K; = —7.235 (£ 2.630)MgVol +
0.474 (£ 0.268)Bg + 23.272 (+ 5.437) (44)

n=10 r’=0863 q°=0628 s=0223 F,,=22176 a=0.01

parameter importance:
MgVol > B, MgVol versus B; = 0.611

Two points are omitted (10 and 12, Table 38).

In both the above eqgs 43 and 44 the negative sign
with MgVol refers to steric hindrance, whereas the
variable Bs is the sterimol parameter for the largest
width of the first atom of the substituent. Both
parameters bring out the critical fit of the ligands to
the macromolecule.
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Table 45. Affinities of 3-Alkyl-1,2,4-oxadiazole-4,5-substituted Imidazobenzodiazepines at Recombinant asfsy»
GABA/Benzodiazepine Receptor Subtypes:’*2 Compounds and Physicochemical Parameters for Derivation of

Equation 51

no. substituents obsd log 1/K; calcd log 1/K; Alog 1/K; L

1 X = CHjs, Y = —CH,CH,CH_,— (S) 8.432 8.764 —0.243 2.87
22 X =CHjs, Y = —CH,CH.CH,— (R) 6.804 8.764 —1.870 2.87
3 X = C;Hs, Y = —CH,CH,CH,— (S) 8.620 7.922 0.698 4.11
4 X = CH(CHg3)z, Y = —CH,CH,CH,— (S) 8.319 7.922 0.397 4.11
5 X = CgHs, Y = —CH,CH,CH,— (S) 6.342 6.606 —0.264 6.28
6 X = CHs, Y = —CH,CH,— (S) 8.143 8.764 —0.532 2.87
7 X = CyHs, Y = —CH,CH,— (S) 7.896 7.922 —0.026 4.11
8 X = CH(CHpg)z, Y = —CH,CH,— (S) 8.071 7.922 0.148 4.11
9 X = CgHs, Y = —CH,CH,— (S) 6.427 6.606 -0.179 6.28

a Data point not included in equation derivation.

Table 46. Affinities of Substituted Pyridoindoles at
o f3y2 Benzodiazepine Receptor:’'2 Compounds and
Physicochemical Parameters for Derivation of
Equation 52

obsd calcd
no. substituents log 1/K; log 1/K; Alog 1/K; MgVol
1 H 8.959 8.749 0.209 1.873
22 10-NO, 6.613 8.279 —-1.667  2.047
3 2-Cl 8.409 8.419 —0.010  1.996
4 2-OCHjs 8.292 8.702 —-0.409 1.891
5 2-F 8.469 8.211 0.258 2.073
6 2-OCH,CgHs 6.365 6.571 —-0.207 2.681
7 2-OCOC(CH3);  6.807 6.648 0.159  2.652

a Data point not included in equation derivation.

(d)
COOEt
N
(c
N
g
N
Ry “CH;
0

log 1/K; = —3.018 (& 0.804)MgVol +
16.052 (+ 1.917) (45)

n=11 r*=0.889 ¢°=0517 $=0.290 F,,=63.047 o=0.01

Three points are omitted (2, 5, and 13, Table 39).

MgVol, the most important single variable, ex-
presses steric effect. In general, no correlation with
a hydrophobic factor was found.

(e
COOEt
N
(c
N
o
N
Rg “CHy
0

log 1/K; = 0.325 (40.235)B; + 1.912 (+1.362)0, +
5.957 (+0.801) (46)

n=8 r’=0815 ¢’ =0416 s=0290 F,;=11.676 a=0.05

parameter importance: o, > Bg

Two points are omitted (Table 40).

0, is the most important parameter in the develop-
ment of eq 46, indicating a significant role for
electron-withdrawing groups. No correlation with
hydrophobic effect was found.

From the affinities of 5,6-dihydro-5-methyl-6-o0xo-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic acid
tert-butyl esters for BzR isoforms,the following four
correlations are developed.

(a) For oufisy, BzR isoform:

N COOBu
( c
N
o¢
N
Ry ‘i,
0

log 1/K; = —1.930 (& 0.577)MgVol +
12.983 (+1.506) (47)
n=12 r’=0.855 ¢°=0.801 s$=0243 F;,;,=59.61 «=0.01

One point (compound 11) is omitted (Table 41).
(b) For asfsy2 BzR isoform:

log 1/K; = —1.789 (+0.570)MgVol +
12.394 (+£1.560) (48)

n=11 r*=0841 ¢q°=0.794 s=0230 F;4=50.294 o=0.1

Compounds 1 and 4 are omitted (Table 42).
(c) For asfsy. BzR isoform:

log 1/K; = —2.161 (+0.786)MgVol +
14.838 (+2.086) (49)

n=11 r’=0812 ¢q°=0.697 s=0278 F,o=238.667 a=0.01

Two datapoints, 9 and 12, are omitted (Table 43).
For the above three equations, 47—49, the molar
volume is the most important single parameter,
which through its negative term suggests that fit to
a macromolecule of limited steric capacity is impor-
tant.
(d) For agfsy, BzR isoform:

log 1/K, = —5.158 (1.195)MgVol +
0.463 (£0.191)L + 19.332 (+£2.832) (50)

n=10 r’=0939 ¢°=0.885 s=0129 F,,=5331 a=0.01

parameter importance: MgVol > L (Table 44)
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Table 47. Affinities of Substituted 1,4-Benzodiazepines at a,f3y, Benzodiazepine Receptor:’® Compounds and

Physicochemical Parameters for Derivation of Equation 53

no. substituents R, Rs, R7 obsd log 1/K; calcd log 1/K; Alog 1/K; MgVol Ls Bi-7
1 Ri1 = Me, Rs = (2-thienyl), R; = CI 7.72 7.52 0.19 1.999 3.52 1.80
2 R1 = H, Rs = (2-thienyl), R7=F 6.76 6.38 0.38 1.753 2.65 1.35
3 R: = Me, Rs = (2-thienyl), R, =F 6.85 7.11 —0.26 1.894 2.65 1.35
4 R; = H, Rs = (2-azidophenyl), R7 = N3 5.67 5.87 —0.20 2.237 4.62 1.50
5 R: = Me, Rs = (2-NO.-phenyl), R7 = NO; 9.31 8.93 0.38 2.300 3.44 1.70
6 R, = Me, Rs= phenyl, R; = CECSI(CH3)3 7.03 2.816
7 R: = Me, Rs = phenyl, R; = C=CH 7.12 5.64 1.48 2.147 4.66 1.60
8 Ri = Me, Rs = phenyl, R; = CN 6.49 6.19 0.30 2.106 4.23 1.60
9 R: = R7 = H, Rs = phenyl 6.54 6.63 —0.09 1.811 2.06 1
10 R; = Me, Rs = phenyl, R, = H 7.09 7.37 —-0.27 1.951 2.06 1
11 R: = H, Rs = (2-NO,-phenyl), R; = Br 7.80 8.30 —0.51 2.160 3.82 1.95
12 R1 = Me, Rs = phenyl, R; = Br 8.03 8.13 —0.10 2.126 3.82 1.95
13 R: = Me, Rs = phenyl, R; = ClI 7.85 7.92 —0.06 2.074 3.52 1.80
14 R1 = Me, Rs = (2-NO,-phenyl), R; = F 8.66 8.42 0.24 2.143 2.65 1.35

a Data point not included in equation derivation.

Table 48. Affinities of Substituted 1,4-Benzodiazepines at a,f3y. Benzodiazepine Receptor:’ Compounds and

Physicochemical Parameters for Derivation of Equation 54

no. substituents R, Rs, R7 obsd log 1/K; calcd log 1/K; Alog 1/K; MgVol 77
1 R:1 = Me, Rs = (2-thienyl), R; = CI 7.88 7.53 0.35 1.999 0.71
2 R; = H, Rs = (2-thienyl), Rz =F 6.47 6.63 —0.15 1.753 0.14
3 R1 = Me, Rs = (2-thienyl), 7-F 6.67 6.83 —0.16 1.894 0.14
4 R: = Me, Rs = phenyl, 7-C=CSi(CH3); 7.14 2.816
5 R: = Me, Rs = phenyl, 7-C=CH 7.38 7.44 —0.07 2.147 0.40
6 R:1 = Me, Rs = phenyl, 7-CN 6.51 6.45 0.06 2.106 —0.57
7 R: =H, Rs = phenyl, R, = H 6.63 6.58 0.05 1.811 0
8 R: = Me, Rs = phenyl, R, =H 6.86 6.78 0.08 1.951 0
9 R: = H, Rs = (2-NO,-phenyl), R; = Br 7.51 7.90 —0.40 2.160 0.86
10 R: = Me, Rs = phenyl, R; = Br 8.03 7.86 0.17 2.126 0.86
11 R1 = Me, Rs = phenyl, R; = CI 7.70 7.64 0.06 2.074 0.71
122 R: = Me, Rs = (2-NOj-phenyl), R; = F 8.60 7.19 141 2.143 0.14

a Data point not included in equation derivation.

One point is omitted (compound 3), whereas com-
pounds 12 and 13 are not included, because their
descriptors are not available. Once again, MgVol
seems to be the most significant parameter. Both
parameters point to a steric effect.

Equations 42—50 seem strange because they con-
tain no z or Clog P term. From the correlation matrix
it is shown that Clog P and MgVol are not collinear.
For all cases 42—50 no parametrization has been
done for the different positions; all of the points are
fit well by eqs 42—-50.

(e) Using the affinities of 3-alkyl-1,2,4-oxodiazole
4,5-substituted imidazobenzodiazepines for recombi-
nant asfsy2 BzR, eq 51 is derived:

log 1/K, = —0.607 (& 0.303)L + 10.415 (+1.637)
(51)

n=8 r’=0799 ¢’°=0.656 s=0430 F,o=23.989 a=0.01

One datapoint is omitted (compound 2, Table 45).

No role for hydrophobicity is found. The reason for
this is apparent from the correlation matrix, where
it is seen that L and Clog P are significantly collinear
(0.932). The sterimol parameter L (for the length of
the first atom of substituent R') has a negative sign,
indicating that steric interactions at the 3-position
of the 1,2,4-oxodiazolyl ring are unfavorable.

(f) For the affinities of pyrido-diindoles at the
oufzy2 GABAA/BZR receptor, correlation 52 is devel-
oped.

HN
\
X
)
log 1/K; = —2.698 (4:0.978)MgVol +
13.803 (£2.173) (52)

n=6 r’=0937 ¢°=0852 s=0294 F,,=5852 a=001

Compound 2 is omitted (Table 46).

Clog P and MgVol are significantly collinear (0.612).
MgVol with a negative sign refers to a steric hin-
drance.

(9) In vitro affinities of substituted 1,4-benzodiaz-
epines at recombinant ay, oy, 03, and asfzy2, GABAA/
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Table 49. Affinities of Substituted 1,4-Benzodiazepines at asfi;y, Benzodiazepine Receptor:’*® Compounds and
Physicochemical Parameters for Derivation of Equation 55

no. substituents Ry, Rs, Ry obsd log 1/K; calcd log 1/K; Alog 1/K; Bs-7
1 R1 = Me, Rs = (2-thienyl), R; = ClI 7.873 7.596 0.277 1.80
2 Ri1 = H, Rs = (2-thienyl), R, =F 6.393 6.83 —0.438 1.35
3 Ri1 = Me, Rs = (2-thienyl), Rz=F 6.688 6.83 —0.142 1.35
42 R1 = H, Rs = (2-azidophenyl), R7 = N3 5.335 11.648 —6.313 4.18
5 R1 = Me, Rs = (2-NO2-phenyl), R; = NO; 9.199 8.686 0.433 2.44
6 R, = Me, Rs = phenyl, R; = CECSI(CH3)3 6.693
7 Ri1 = 1-Me, Rs = phenyl, R; = C=CH 7.324 7.256 0.068 1.60
82 R; = Me, Rs = phenyl, R; = CN 6.456 7.256 —0.80 1.60
9 R: =H, Rs = phenyl, R, = H 6.456 6.234 0.222 1.0
10 Ri1 = Me, Rs = phenyl, Rz=H 6.498 6.234 0.263 1.0
11 R1 = H, Rs = (2-NOz-phenyl), Ry = Br 7.284 7.852 —0.568 1.95
12 R1 = Me, Rs = phenyl, R; = Br 7.509 7.852 —0.343 1.95
13 Ri1 = Me, Rs = phenyl, R; = ClI 7.824 7.596 0.228 1.80
142 R; = Me, Rs = (2-NOz-phenyl), Rz =F 8.347 6.83 1517 1.35

a Data points not included in equation derivation.

BzR were used to develop the following QSAR.

log 1/K; = 5.219 (+2.009)MgVol —
1.782 (£0.503)L, + 3.143 (+1.113)B,_, —
2.290 (£3.314) (53)

n=12 r=0958 ¢*=0.779 $=0343 Fu=29.76 o =0.1
parameter importance: MgVol > L, > B,_,

No role for the hydrophobic effect was found, whereas
MgVol and Clog P were significantly collinear (0.702).
One data point was rejected (compound 7, Table 47).
All three of the used parameters bring out steric
effects and the critical fit of the ligands to the
macromolecule.

(h) log 1/K; = 1.432 (+1.376)MgVol +
0.961 (+0.429)L, + 3.143 (£1.113)7, —
3.984 (+£2.709) (54)

n=10 r’=0881 ¢°=0759 s=0.234 F,,;=26.18 a=0.01
parameter importance: z; > MgVol

One data point is omitted (Table 48).

Although no parametrization has been done for the
different positions R; and Rs, all of the points are fit
well by eq 54.

log 1/K; = 1.702 (£0.623)B;_; — 4.532 (£1.046)
(55)
n=10 r*=0.832 ¢°=0699 s=0.369 F,¢=39.736 o =001

Three points are rejected. One of them, compound 4,
is the least active, whereas compound 14 is the
second most active (Table 49). The third analogue has
a CN group at position 7, which is possible to be
biotransformed to a —CH;NH;, group. The B;—;

parameter does not cover a hydrophobic effect.

(K) log 1/K; = —1.145 (+0.336)B,_, +
1.505 (£0.479)CMR — 2.362 (£3.469) (56)

n=10 r*=0912 ¢°=0839 s$=0.293 F,;=36.62 a=0.01

Three data points were omitted, namely, compounds
8, 10, and 11 (Table 50). Their predicted affinities
are higher than their experimental parameter im-
portance: Bs—; > CMR. Again, the Bs_; parameter
does not cover a hydrophobic effect. The negative sign
with this parameter indicates steric interactions at
the 7-position of the phenyl ring. Equation 56 is not
very satisfactory according to the confidence limits
of the constant term. There is a little correlation
between the CMR and Clog P (0.432) and Bs_; and
CMR (0.422).

In continuation, the affinities of S-carbolines at
0,02 and ofsy2 receptors were studied and eqs 57—
59 were developed.

(D log 1/K; = 0.752 (£0.652) Clog P —
0.158 (+0.078) Clog P? + 2.174 (£1.128)B;_5 +
0.674 (£0.250)B;_; + 0.956 (+2.587) (57)

n=26 r’=0823 q°=0745 s=0459 F,,=2444 o=0.01

optimum value of lipophilicity: Clog P, =
2.384 (+1.382) from 0.608 to 3.607

parameter importance: Clog P > B;_; > B;_,

Three compounds are omitted, namely, 10, 13, and
29 (Table 51).

No parametrization has been done for different
positions R4, Rs, R7, and Rq. All points fit well by eq



QSAR on Non-Benzodiazepine Compounds Binding to NzR

Chemical Reviews, 2004, Vol. 104, No. 9 3781

Table 50. Affinities of Substituted 1,4-Benzodiazepines at asfizy, Benzodiazepine Receptor:’® Compounds and

Physicochemical Parameters for Derivation of Equation 56

no. substituents R1, Rs, Ry obsd log 1/K; calcd log 1/K; Alog 1/K; Bs-7 CMR
1 R1 = Me, Rs = (2-thienyl), R; = ClI 7.94 7.51 0.43 1.80 7.926
2 R; = H, Rs = (2-thienyl), Rz =F 6.82 6.61 0.21 1.35 6.986
3 R: = Me, Rs = (2-thienyl), Rz =F 7.18 7.31 —0.12 1.35 7.450
4 R1 = H, Rs = (2-azidophenyl), Rz = N3 5.79 5.90 -0.11 4.18 8.664
5 R1 = Me, Rs = (2-NO2-phenyl), R; = NO, 8.11 8.16 0.05 2.44 8.848
6 R, = Me, Rs = phenyl, R; = CECSI(CH3)3 7.20 10.70
7 R: = Me, Rs = phenyl, R; = C=CH 8.17 8.49 —0.32 1.60 8.426
82 R; = Me, Rs = phenyl, R; = CN 6.58 8.00 —1.43 1.60 8.103
9 R: =H, Rs = phenyl, Rz=H 6.85 7.27 —0.42 1.0 7.161
102 R1 = Me, Rs = phenyl, Rz = H 7.02 7.97 —0.95 1.0 7.625
112 R: = H, Rs = (2-NO2-phenyl), Ry = Br 6.70 8.28 —1.58 1.95 8.550
12 R1 = Me, Rs = phenyl, R; = Br 8.11 8.05 0.06 1.95 8.402
13 R: = Me, Rs = phenyl, R; = CI 7.96 7.80 0.16 1.80 8.117
14 R1 = Me, Rs = (2-NO,-phenyl), R, = F 8.68 8.52 0.16 1.35 8.252
a Data points not included in equation derivation.
Table 51. Affinities of Substituted p-Carbolines at a,fsy. Benzodiazepine Receptor:’* Compounds and
Physicochemical Parameters for Derivation of Equation 57
no. substituents R3, R4, Rs, R7, Rg obsd log 1/K; calcd log 1/K; Alog 1/K; ClogP Bi-3 Bs—3
1 R3=COC3H7,,Rs=Rs=R7=Rg=H 7.796 8.314 —0.518 3.233 1.63 4.50
2 R3=COOC(CHs)3, Ras=Rs=R;=Rg=H 7.824 2.836
3 R3 = COOC2H5, R4 = Re = R7 == Rg =H 8.310 8.38 —0.07 2.128 1.64 4.41
4 R3=0C;Hs,Rs=Rs=R7=Rg=H 7.60 6.89 0.71 3.402 1.35 3.36
5 R3=NCS,Ri=R¢=R;=Rg=H 6.92 7.61 —0.69 3.886 1.50 2.24
6 R3=ClLLRs=R¢=R7=Rg=H 6.90 6.96 —0.06 2713 1.80 1.80
7 R3=O0C3H7;,Rs=R¢=R;=Rg=H 7.28 7.39 —0.11 3.931 1.35 4.42
8 R3=O0CsHg,Rs=Rs=R;=Rg=H 6.71 6.96 —0.25 4460 1.35 4.79
9 R3=O0OCH,CH(CH3);, Rs=Rs=R;=Rg=H 6.91 7.39 —0.48 4330 1.35 4.42
102 R3= OCH,CH(CH3);, Re=R¢=R;=Rg=H 6.09 7.17 —1.08 4330 1.70 4.42
11 R36=-NO2, Ra=R;=Rg=H 7.08 7.08 0 1545 150 4.42
12 R36=NCS,Rs=R7;=Rg=H 6.37 6.42 —0.05 5,523 1.64 244
132 R3 = COOC;Hs, Rg = OCH,Cg¢Hs, Ra = R7 = Rg = H 6.77 7.87 —0.10 4197 1.64 4.24
14 Rz= COOCHg, Re = NH-Cy-CGHll, Ri=R;7=Rg=H 7.76 7.30 0.46 3.939 164 441
15 R3= COOCHS3, Rs = NHCH:CsHs, Rs = R7=Rg=H 7.52 7.53 —0.01 3.356 1.64 3.36
16 R3;= COOCHS3s, Rs = NHCH2-naphthyl, Rs = R7=Rg=H 6.69 6.95 —0.27 4530 1.64 3.36
17 R3= COOCHj3, R4 = CH,0OCH3, R¢ =R7=Rg=H 8.55 8.35 0.20 1.906 1.64 4.41
18 R3;= COOC;Hs, R4 = C;Hs, Rg = OCH,CgHs, Rz = Rg = H 7.11 7.11 —0.01 5.225 1.64 4.41
19 Rz = COOCsz, R4 = C2H5, Re = OCH2-2-naphthyI, R;=Rg=H 6.54 5.84 0.69 6.399 1.64 4.41
20 R3;=COOC;Hs, Ry = CyHs, Rg = OCH3, R7=Rg=H 8.54 8.21 0.33 3.457 1.64 4.41
21 Rs3=COOC;Hs, R4 = CoHs, Rg = O(CH2)7CH3, R7=Rg=H 4.53 4.79 —0.26 7.160 1.64 4.41
23 R3 = COOC;Hs, R4 = CH,0OCHg3, Rg = OC3H7, Rz=Rg=H 8.92 8.27 0.65 3.265 1.64 4.41
24 R3 = OC3H7, R4 = CH20CH3, Re = OC3H7 6.67 6.63 0.04 5.069 1.35 4.42
25 Rz = CONHNH;, R4 = CH,OCHgs, R = OC3H7, Rz = Rg=H 6.37 7.15 —0.78 1.867 1.50 3.09
26 Rs = NH,, R4 = CH,OCHs, Rg = OC3H7, Rz, = Rg=H 6.27 6.06 0.21 2965 1.35 1.97
27 R3 = COOCsz, R4 = CH20CH3, Re = OCHzCsHs, R7 = Rg =H 8.38 7.99 0.39 3.975 1.64 4.41
28 R3; = COOCH(CHz3),, R4 = CH,0OCHj3, Rg = OCH,C¢Hs, Rz = Rg = H 7.81 8.25 —0.43 4284 2.14 3.43
292 R3 = NCS, R4 = CH,0CHj3, Rg = —OCH»C¢Hs, Rz = Rg = H 7.08 6.20 0.88 5.734 150 4.24
30 R3 = COOCZHS, R4 = CHzocHa, Re = OH, R7 = Rg =H 8.27 8.37 —-0.10 2.034 1.64 4.41

a Data points not included in equation derivation.

57. No role for an electronic effect was found, whereas
Clog P is the most important parameter, following
the sterimol parameters B;—_3 and Bs_3;. Both terms
have a positive effect on the affinity.

(m) log 1/K; = —0.839 (+0.183) Clog P +
3.478 (£1.109)B,_4 + 0.565 (+0.262)B;_; +
4.638 (£1.747) (58)

n=26 r’=0.823 ¢°=0760 s=0473 F;,,=3414 a=0.01

parameter importance: ClogP > B, ;> B;_;

Five data points are omitted (compounds 4, 7, 14, 29,
and 35, Table 52). Hydrophobicity has a negative
sign, whereas B;_s and Bs—3 are the sterimol param-
eters for the corresponding substituents in positions

6 and 3 of the phenyl and pyridinyl rings.

(n) log 1/K; = 0.839 (+0.674) Clog P —
0.173 (+0.081) Clog P* + 2.895 (+1.076)B,_5 +
0.641 (+0.246)B;_5 + 0.355 (+2.623) (59)

n=25 r’=0.848 q°=0749 s=0430 F,,=27.91 =001

optimum lipophilicity value: Clog P, =
2.424 (+£1.056) from 0.876 to 3.062
parameter importance: ClogP > Bg_; > B, 4

Four data points are omitted, namely, compounds 4,
12, 18, and 28 (Table 53).

Although no parametrization has been done for
positions R4, Re, R7, and Ry, all compounds are well
predicted by eq 59. Using the parabolic model we
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Table 52. Affinities of Substituted p-Carbolines at a.fsy. Benzodiazepine Receptor:’ Compounds and

Physicochemical Parameters for Derivation of Equation 58

no. substituents R3, R4, Rs, R7, Ro

obsd log 1/K; calcd log 1/K; Alog 1/K; ClogP Bi- Bs-3

1 R3=COC3H7,R4=Rg=R;7;=Rg=H

2 R3 = COOC(CH3)3, R4= Re = R7 = Rg =H

3 R3=COO0OC;Hs,Re=Rs=R7=Ro=H

42 R3=OCZH5, R4=R6=R7=R9=H

5 R3=NCS,R4=R5=R7=R9=H

6 R3:C|,R4:R5=R7:R92H

72 R3=0C3H7, Rs=Rs=R7=Rg=H

8 R3=0C4Hg, Rs=Rs=R7=Rg=H

9 R3 = OCH2C5H5, R4= R5 = R7 = Rg =H
10 R3 = OCHch(CHe.)z, R4= Re = R7 = Rg =H
11 R3 = OCH2CH2CH(CH3)2, R4: Re = R7 = Rg =H
12 R3=O0OCH(CH3), Ra=Rg=R7=Rg=H
13 R3 = OCH2CH(CH3)2, R4= Re = R7 = Rg =H
142 R3,6= NOz, R4 = R7 = Rg =H
15 R3,6= NCS, R4 = R7 = R9= H
16 R3 = COOCH3, Re = NCS, R4 = R7 = Rgz H
17 R3=COO0C;Hs5, Rg = OCH>Ce¢Hs Rs = R7 =Rg=H
18 R3 = COOCH3, Rg = NH-Cy-CeHn, Rs=R;7=Rg=H
19 R3 = COOCH3, Ra = NHCH2C6H5, R4 = R7 = R9= H
202 R3; = COOCH3, Rg = NHCHz-naphthyI, Rs=R7=Rg=H
21 R3 = COOC2H5, R4 = CH20CH3, Re = R7 = Rgz H
22 Rz = COOC;Hs, R4 = CoHs, Rg = OCH,CgHs, Rz = Rg=H

232 Rz = COOC3Hs5, R4 = CoHs, Rg = OCHg—Z—naphthyI, R;=Rg=H

24 R3 = COOCsz, R4 = C2H5, Re = OCH3, R7 = Rg: H

8.678 7.828 0.85 3.233 1.0 45
9.143 8.113 1.03 2.836 1.0

8.921 8.621 0.30 2128 1.0 441
8.192 7.707 0.484 3.402 1.0 3.36
7.173 7.360 —0.188 3.886 1.0 4.24
7.219 8.201 —0.982 2713 1.0 1.80
8.276 7.328 0.948 3931 1.0 4.420
7.433 6.949 0.484 4460 1.0 4.79
6.081 7.106 —1.025 4241 10 3.50
7.604 7.042 0.562 4.330 1.0 4.42
6.456 6.663 —0.207 4.859 1.0 5.710
6.548 7.486 —0.938 3.711 1.0 4.10
6.611 7.042 —0.431 4.330 1.0 4.420
7.889 10.877 —2.988 1545 1.70 2.44
7.866 7.501 0.366 5.523 1.50 4.24
8.467 9.126 —0.658 3.256 1.50 3.36
8.143 8.057 0.086 4.197 1.35 4.41
8.622 8.242 0.380 3.939 1.35 3.36
8.266 8.660 —0.394 3356 1.35 3.36
7.513 4.530 3.36
9.201 8.780 0.421 1906 1 4.41
7.682 7.442 0.24 5225 135 441
6.738 6.399 4.41
8.796 8.925 —0.129 3.457 1.35 4.41

25 R3 = COOC2H5, R4 = C2H5, Rs = O(CH2)7CH3, R7 = Rg =H 5.438 5.933 *0.495 7.160 1.35 4.41
26 Rz = COOC;Hs, R4 = CH,0CH3, R¢ = OCH3, R7=Rg=H 9.854 9.483 0.371 2207 1.35 4.41
27 Rz = COOC;Hs, R4 = CH,0OCH3, R = OC3H7, Rz = Rg=H 9.310 8.725 0585 3.365 1.35 4.41
28 R3=0C3H7, R4 = CH20CHj3, Re = OC3H7, R7=Rg=H 7.609 7.432 0.177 5.069 1.35 4.42
292 R3 = CONHNHz, R4 = CH20CH3, Re = OC3H7, R7 = R9= H 7.337 9.727 —2.390 1.867 1.35 3.09
30 R3 = NHz, R4 = CH20CH3, Ra = OC3H7, R7 = Rgz H 7.347 8.940 —1.593 2965 1.35 1.97
31 Rz = COOC;Hs, R4 = CH,0CH3, R¢ = OCH,CgsHs, Rz = Rg=H 8.387 8.216 0.171 3.975 1.35 4.41
32 Rz =COOCH(CHp3s)2, R4 = CH20OCHj3, Rg = OCH,CgHs, Rz = Rg=H 7.907 7.994 —0.087 4.284 1.35 3.43
33 R3=NCS, Ry =CH;0CHj3, Rg = OCH2CgHs, R7 = Rg=H 7.602 6.955 0.647 5.734 135 4.24
342 R3 = COOCsz, Ry = CHzoCH3, Re = OCH2-2-naphthyI, R;=Rg=H 7.812 5.149 4.41
352 Rz = COOC:Hs, Ry = CH20CH3, Re = 0OH, R7=Rg=H 8.699 9.607 —0.908 2.034 1.35 4.41

a Data points not included in equation derivation.

found that the Clog P, value is close to the usual
value of the CNS agents.

3.27. 2-Aryl(heteroaryl)-2,5-dihydropyrazolo[4,3-c]-
quinolin-3(3H)-ones

Savini et al.”? synthesized, tested, and studied in
terms of QSAR a large series of 2-aryl(heteroaryl)-
2,5-dihydropyrazolo[4,3-c]quinolin-3(3H)-ones (Table
54), carrying appropriate substituents at the quino-
lines and N-2-phenyl rings. Their results were in full
agreement with previously proposed results. The
electronic and hydrophobic effects of substituents
were assessed by the Hammett (o) and Hansch ()
substituent constants, whereas the molar refractivity,
the van der Waals volume, and the sterimol Verloop
parameters were employed to model bulkiness and
polarizability effects. Therefore, for the 8-substituted-
2-phenyl congeners, the 6-substituted-2-phenyl con-
geners, and the 8-OCF;-2-phenyl substituted conge-
ners the following equations were derived:’?

R

NH
pICy, = —0.32VW + 9.63

n=9 r’=0.883 g°=0.745 s=0.208 (60)

pIC., = —2.63 VW + 9.35

n=5 r’=0912 ¢°=0.801 s=0.543 (61)
pICy, = —1.400 — 1.55MR + 9.46

n=15 r*=0.803 s=0.418 (62)

We reanalyzed all of the congeners (Table 54), and
QSAR 63 has been developed from these data.

log 1/ICy, = —2.449 (£0.556)0, —
0.442 (+0.218)MRg_— 0.415 (+0.187)Lg,, —

0.593 (+0.369)1 — 2.025 (+0.405)B.p +
12.150 (0.765) (63)

n=52 r’=0823 ¢°=0749 s=0512 Fg,=4248 oa=0.01

I is an indicator (1/0) for the 7-substituted com-
pounds. The or term would seem to imply a negative
role for electron-attracting groups in the 3'- and 4'-
positions. For compounds 5, 20, 23, 25, and 53 the
or Vvalues are missing. Thus, they are not included
in the derivation of the equation. The equations point
out a significant steric hindrance in the 8-, 6-, and
4'-positions. The negative signs with og, Lr,, Bsg, and
MRg, indicates that the interaction is favored by
small electron-donating groups. The lipophilic char-
acter of the substituents and the overall lipophilicity
do not play any role in the receptor—ligand interac-
tion.
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Table 53. Affinities of Substituted p-Carbolines at asfisy. Benzodiazepine Receptor:’ Compounds and

Physicochemical Parameters for Derivation of Equation 59

no. substituents Rz, R4, Rs, R7, Rg

obsd log 1/K; calcd log 1/K; Alog 1/K; Clog P B1-s Bs_3

1 R3:COC3H7, R4:R5:R7:RQZH
22 R3 = COOC(CH3)3, R4 = Re = R7 = Rg =H
3 R3 = COOCsz, R4 = R5 = R7 = R9 =H
42 R3:OCZH5, R4:R5:R7=R9:H
5 R3=NCS,Rs=Rs=R7=Rg=H
6 R3:C|,R4:R6:R7:R9:H
7 R3ZOC3H7,R4=R5=R7=R9=H
8 R3=OC4H9,R4:R5:R7:R9:H
9 R3 = OCH2CH(CH3)2, R4 = Re = R7 = Rg =H
10 R3 = OCHzCH(CH3)2, R4 = Ra = R7 = Rg =H
11 R36=NO;, Rs=R;=Rg=H
122 R36 =NCS,Rs=R;=Rg=H
13 R3 = COOC2H5, Re = OCH2C5H5, R4 = R7 = Rg =H
14 R3 = COOCHg, Re = NH-Cy-CeHll, R4 = R7 = Rg =H
15 R3 = COOCH3, Re = NHCH2C5H5, R4 = R7 = Rg =H
16 Rs;= COOCHs, Rs = NHCH,-naphthyl, R, = R; = Rg = H
17 R3 = COOCHg, R4 = CHzOCHg, Re = R7 = Rg =H
182 R3 = COOCsz, R4 = Csz, R5 = OCH2C6H5, R7 = Rg =H

19 Rs; = COOCzH5, Rs = C2H5, Rg = OCH2-2-naphthyI, R;=Rg=H

20 R3 = COOCsz, R4 = C2H5, Re = OCH3, R7 = Rg =H

21 R3 = COOCsz, R4 = C2H5, Rs = O(CH2)7CH3, R7 = Rg =H

22 R3 = COOCsz, R4 = CHzoCH3, Re = OCH3, R7 = Rg =H
23 R3 = COOC2H5, R4 = CHQOCHg, Re = OC3H7, R7 = Rg =H
24 R3 = OC3H7, R4 = CHZOCHs, Re = OC3H7, R7 = Rg =H

25 R3 = CONHNHz, R4 = CHzoCH3, Re = OC3H7, R7 = Rg =H

26 R3 = NHZ, R4 = CHzOCH3, Re, = OC3H7, R7 = Rg =H

27 R3 = COOC2H5, R4 = CHQOCH?,, Re = OCH2C5H5, R7 = Rg =H
282 Rs = COOCH(CHg)zv R4 = CHzOCHg, RG = OCH2C6H5, R7 = Rg =H

29 R3 = NCS, R4 = CH20CH3, Rs = OCH2C6H5, R7 = Rg =H
30 R3 = COOCzH5, R4 = CHzoCHg, Re = OH, R7 = Rg =H

a Data points not included in equation derivation.

7.678 7.941 —0.264 3.233 1.63 4.50
7.724 2.836

8.244 8.095 0.149 2.128 1.64 4.41
7.548 7.306 0.243 3.402 1.35 3.36
6.851 7.527 —0.676 3.886 1.50 4.24
6.90 6.719 0.181 2.713 1.80 1.80
7.162 7.594 —0.431 3.931 1.35 4.42
6.611 7.454 —0.843 4.460 1.35 4.79
6.857 7.355 —0.498 4.330 1.35 4.42
6.060 7.355 —1.295 4.330 1.35 4.42
7.523 7.359 0.164 3.256 1.64 3.36
6.547 7.434 —0.888 4.197 1.64 4.41
7.842 7.055 0.786 3.939 1.64 3.36
7.311 7.323 —0.012 3.356 1.64 3.36
6.567 6.684 —0.117 4.530 1.64 3.36
8.314 8.092 0.222 1.906 1.64 4.41
7.231 6.646 0.585 5.225 1.64 4.41
6.523 5.373 1150 6.399 1.64 441
8.553 7.813 0.740 3.457 1.64 4.41
4.456 4.334 0.121 7.160 1.64 4.41
8.764 8.092 0.672 2.207 1.64 4.41
8.658 7.885 0.773 3.265 1.64 4.41
6.568 6.791 —0.223 5.069 1.35 4.42
6.398 7.425 —1.027 1.867 1.50 3.09
6.155 6.748 —0.593 2965 1.35 1.97
8.222 7.565 0.657 3.975 1.64 4.41
8.125 6.886 1.239 4.284 2.14 3.43
7.231 6.057 1172 5734 1.50 4.24
6.533 6.715 —0.182 5.149 164 4.41
7.900 8.226 —0.259 2.034 164 4.41

3.28. 2-Phenyl-imidazopyridines Analogues

In recent years, considerable effort has been fo-
cused toward the identification of new peripheral
benzodiazepine receptors (PBR) ligands with in-
creased activity and selectivity over central benzo-
diazepine receptors (CBR).

Y
=z N v
N
X AN
(0]

NRR,

For some analogues of 2-phenyl-imidazopyridines,”
the affinities for CBR and PBR were evaluated by
measuring their ability to displace [*H]flunitrazepam
and [*H]PK 11195 from binding to membrane prepa-
rations from the cerebral cortex and ovary and were
subjected to structure—activity relationships studies.
For the whole set of compounds, a linear regression
analysis has been reported, showing a good correla-
tion between data from ovary membranes and brain
cerebral cortex cells (n = 32, r2 = 0.959). The
researchers suggest that there are no significant
differences in the PBR structure in the two examined
tissues.

Using the same data we developed a bilinear
correlation for the PBR cortex (Table 55) and a

log 1/ICs, = 1.015 (+0.166) Clog P, —

2.949 (+£0.634) log(8 x 10"°% + 1) +
3.271 (+£0.745) (64)
n=28 r’=0.868 q°=0846 s=0354 F;,=39.145 o =0.01
optimum value of lipophilicity: Clog P, =
6.028 (+£0.377) log f = —6.308

bilinear equation for the PBR ovary, too (Table 56).

log 1/ICg, = 0.929 (+0.177) Clog P, —

2.680 (+0.708) log(8 x 10"°% + 1) +
3.452 (+0.796) (65)
n=28 r’=0829 ¢q°=0.803 s=0381 F;, =53 a=0.01
optimum value of lipophilicity: Clog P, =
6.094 (+0.328) log f = —6.369

Both equations are in agreement with the previous
findings. Compounds 2, 18, and 31 are not included
in the derivation of both QSARSs, although they do
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Table 54. ICs, Displacement of [*H]Flunitrazepam from Central Benzodiazepine Receptor:’? Compounds and
Physicochemical Parameters for Derivation of Equation 63

no. substituents R, R’ obsd log 1/I1Cso  calcd log 1/1Cso  Alog 1/1Csp oR MRrgs Lrsa | Bsr

1 R=R=H 9.35 9.22 0.13 0 0.103 206 0 1

2 R=H,R =4-Cl 9.00 8.06 0.94 023 0103 352 0 1

3 R=H,R =4-OCHjs; 9.17 9.09 0.08 —0.27 0103 398 0 1

4 R=6-F,R=H 8.16 8.52 —0.36 0 0.103 2.06 0 1.35

5 R=6-CH3R = 7.18 0 0.103 0 261

6 R=6-CF;,R=H 5.73 5.96 —-0.23 0 0.103 2.06 0 3.07

7 R=86-0CH; R = 5.66 5.03 0.63 0 0103 206 0 1

8 R=8FR=H 9.54 9.23 0.31 0 0.092 206 0 1

92 R =8-F,R =3-NO, 8.70 7.49 1.21 0.71 0.092 206 0 1
10 R=8-F, R =3-NH; 9.26 9.62 —0.36 -0.16 0.092 206 0 1
11 R =8-F, R=4-OCHj; 9.48 9.09 0.39 -0.27 0.092 398 0 1
12 R=8-F,R =4-0OH 9.34 9.85 —-0.51 -0.37 0092 274 0 1
13 R=8ClLR = 9.37 9.00 0.37 0 0.600 2.06 0 1
14 R=8-0CHz R =H 9.17 8.92 0.25 0 0.787 206 0 1
15 R=8-0C;Hs;,R'=H 8.85 8.72 0.13 0 1.247 206 0 1
16 R=8-C4sHq,R"=H 9.00 8.40 0.60 0 1959 206 0 1
17 R =8-C4He, R' = 4-COOH 5.93 6.54 —-0.61 045 1959 391 0 1
182 R = 8-C4Hg, R' = 2-pyridyl-2'-yl 9.50 7.99 151 0.17 1959 206 0 1
192 R = 8-C4Hs, R’ = 2-pyrimidyl-2'-yl 8.77 7.11 1.66 053 1959 206 0 1
20 = 8-C4Hy, R' = 2-pyrazinyl-2'-yl 9.22 1959 206 0 1
21 R 8-cyCe¢H11, R =H 8.35 8.09 0.26 0 2669 391 0 1
22 R =8-cyCsHi1, R = 4-COOH 5.55 6.22 —0.67 045 2669 391 0 1
232 R = 8-cyCgHy1, R' = 2-pyridyl-2'-yl 8.60 2.669 0 1
242 R =8-cyCsHy1, R' = 2-pyrimidyl-2'-yl 8.36 6.79 1.57 053 2669 206 0 1
25 R =8-cyC¢Hi1, R' = 2-pyrazinyl-2'-yl 8.16 2669 206 0 1
26 R =8-OCH,C¢Hs, R"=H 7.75 7.85 —-0.10 0 3219 206 0 1
27 R=8-O0CF3;R =H 9.15 8.92 0.23 0 0786 2.06 0 1
28 R =8-OCF3 R =2-F 9.40 8.78 0.62 0.06 0786 206 0 1
29 R =8-0OCF3; R =2-Cl 8.60 8.36 0.24 023 0.786 206 0 1
30 R =8-OCF;3 R =2-CH3 8.47 9.34 —-0.87 -0.17 0786 206 0 1
31 R=8-0CF; R =3-Br 7.46 7.97 —0.51 039 0786 382 0 1
32 R =8-0CF3 R =3-CHs 8.20 9.09 —-0.89 —-0.07 0786 287 0 1
33 R =8-0CF3 R = 3-Cl 7.62 8.02 —0.40 037 0786 352 0 1
342 R=8-OCF;3 R =3-F 9.40 8.09 1.31 034 0.786 265 0 1
35 R =8-0CF; R =3-NO; 7.20 7.18 0.02 071 0786 344 0 1
36 R =8-OCF3 R = 3-NH, 9.62 9.31 0.30 -0.16 0.786 278 0 1
37 R=8-OCF3 R =4-Br 7.82 7.63 0.19 023 0786 382 0 1
38 R =8-OCF3 R =4-CH3 8.79 9.00 -0.21 -0.17 0.786 287 0 1
39 R =8-0CF; R =4-Cl 7.90 7.75 0.15 023 0786 352 0 1
40 R=8-OCF3 R =4-F 9.00 8.53 0.47 0.06 0.786 265 0 1
41 R =8-OCF3 R' =4-NO, 7.40 6.44 0.96 0.78 0786 344 0 1
422 R =8-OCF3, R = 4-NH, 9.10 10.24 -1.14 -0.66 0.786 278 0 1
43 R =8-OCF3 R' = 4-OCHj3 9.22 8.79 0.43 -0.27 0786 398 0 1
44 R =8-OCF3 R =4-OH 9.63 9.55 0.08 -0.37 0786 274 0 1
45 R=9-OH,R'=H 9.62 9.22 0.40 0 0.103 206 0 1
46 R=9-OCH3; R =H 8.84 9.22 —0.38 0 0.103 206 0 1
47 R=6,8F,R =H 7.87 8.52 —0.65 0 0.092 2.06 0 1.35
48 R=6,8F R =3F 8.02 7.69 0.33 0.34 0.092 206 0 1.35
49 R=6,8-F,R =4-Br 6.79 7.23 —0.44 023 .092 382 0 135
50 R=6,8-F, R =4-0CH; 8.12 8.39 -0.27 -0.27 0.092 398 0 1.35
51 R =6, 8-F, R =2-pyridyl-2"-yl 7.82 8.10 —-0.28 0.17 0.092 2.06 0 1.35
52 R =6, 8-F, R = 2-pyrimidyl-2'-yl 6.47 7.22 —-0.75 0.53 0.092 2.06 0 1.35
53 R=6,8FR =2 pyrazm -2yl 6.94 0.092 2.06 0 1.35
54 R=7,9ClLR = 8.43 8.63 —-0.20 0 0103 206 1 1
55 R=6,78F R = H 7.70 7.93 —-0.23 0 0.092 2.06 1 1.35
56 R =6,7,8-F,R"=4-CH3 7.15 8.01 —0.86 -0.17 0.092 287 1 1.35
57 R=6,7,8-F, R =4-Cl 7.13 6.76 0.37 023 0.092 352 1 135
58 R=6,7,8-F, R =4F 7.68 7.54 0.14 0.06 0.092 265 1 1.35
59 R=6,7,8-F, R =4-OCH; 8.14 7.79 0.35 —0.27 0.092 398 1 135
60 R=17,89-0CHs R =H 8.90 8.33 0.57 0 0.787 206 1 1
61 R =7,89-OCHs R =4-COOH 5.52 6.46 —0.94 045 0787 391 1 1
62 R =17,8,9-OCHjs, R = 2-pyridyl-2'-yl 8.50 7.91 0.59 0.17 0.787 206 1 1
63 R =17,8,9-OCHjs, R = 2-pyrimidyl-2-yl 7.24 7.03 0.21 053 0.787 206 1 1

@ Data points not included in equation derivation.
not contain any unusual structural features. The Table 57 contains the affinities of the same 31
above relationships showed that the ideal log P (log congeners for CBR. The affinities were evaluated

P,) for affinity at PBR holds a value of ~6, as beyond by measuring their ability to displace [*H]fluni-
this value the affinity decreases. trazepam from binding to membrane preparations.
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Table 55. ICso Inhibition Values to Peripheral Benzodiazepine Receptor Cortex by N,N-Substituted
Imidazo[1,2-a]pyridin-3-yl]acetamides:”® Compounds and Physicochemical Parameters for Derivation of

Equation 64

no. substituents X, Y, Z, R1, Rz obsd log 1/1Cs calcd log 1/1Csg Alog 1/1Csq Clog P

1 X=Y=Z=H,R;=R;=CzHy 7.000 7.269 —0.269 3.944

22 X=NO;, Y=Z=H,R;=R;=C3Hy; 8.120 —4.008 12.128 3.764

3 X=Y=Cl,Z=H,R; =R, =C3Hy 8.520 8.592 —0.072 5.384

4 X=Y=Z=Cl, Ry =R;=CsHy 9.000 8.845 0.155 6.097

5 X=Y=Br,Z=Cl, Ry =R, =C3Hy 9.100 8.738 0.362 6.397

6 X=CF3 Y=Z=Cl,R; =R, =C3Hy; 8.740 8.785 —0.045 6.308

7 X=Br,Y=CHs; Z=H, Ry =R, = C3Hy 8.790 8.543 0.247 5.316

8 X =COOCHgs, Y=Z=H,R; =R, =C3Hy 7.780 7.294 0.486 3.969

9 X=CONH,, Y=Z=H,R;=R;=CzHy 6.340 6.183 0.157 2.869
10 X=H,Y=CHs; Z=H, Ry =R, =C3Hy 7.700 7.764 —0.064 4.443
11 X=H,Y=CHj Z=Cl, Ry =R, =CzHy 8.850 8.420 0.430 5.159
12 X=H,Y=NO,;Z=H,R; =R, =CsHy 7.070 7.088 —0.018 3.764
13 X=H,Y =NO,; Z=Cl, R; =R, = CsHy 8.240 7.798 0.442 4.478
14 X=H,Y=0CHs, Z=H,R; =R, =C3H> 7.330 7.500 —-0.170 4.175
15 X=H,Y=0CH3 Z=CIl, Ry =R, = C3Hy 7.780 8.186 —0.406 4.889
16 X=H,Y=CI,Z=H,R; =R, =CzHy 7.640 7.980 —0.340 4.667
17 X=H,Y=Z=Cl, R, =R;=C3Hy 8.370 8.590 —0.220 5.381
182 X=H,Y=NH; Z=H,R; =R, =CzHy 8.370 —3.338 11.708 3.417
19 X=H,Y=NH; Z=Cl,R; =R, =CzHy 8.200 7.458 0.742 4.133
20 X=H,Y=NHCH;, Z=Cl, Ry =R;=CzHy 8.430 8.215 0.215 4.922
21 X=H,Y=NHCOCH3; Z=H, Ry = R, = C3Hy 6.590 6.923 —0.333 3.600
22 X=H,Y =NHCOCH3;, Z=CIl, Ry =R, = C3Hy 8.000 7.639 0.361 4.316
23 X=Y=Z=H,R;=R;=CyHs 6.360 6.200 0.160 2.886
24 X=Y=H,Z=Cl, R, =R; =C3Hy 8.000 7.973 0.027 4.660
25 X=Y=Z=H,R;1=R,;=C4Hg 7.770 8.287 —-0.517 5.002
26 X=Y=H,Z=CIl, Ry, =R, =C4Hg 8.230 8.782 —0.552 5.718
27 X=Y=Z=H,Ri=R;=Cg¢Hss 7.720 7.921 —0.201 7.118
28 X=Y=H,Z=Cl,R; =R; =CgHis 6.740 6.683 0.057 7.834
29 X=Y=Z=H,R;=CsH;,,R,=H 5.700 5.921 —0.221 2.610
30 X=Y=H,Z=Cl,R;=C3H;,R, =H 6.230 6.646 —0.416 3.326
312 X=Y=Cl,Z=H,R;=C4Hg R, =H 6.530 —5.584 12.114 4.579

a Data points not included in equation derivation.

We formulated eq 66.

log 1/ICy, = —1.885 (+1.057)MgVol —
4.922 (+1.742)B,_, + 0.571 (+£0.420)0,, +
6.081 (+3.621) (66)

n=27 r*=0730 ¢°=0630 s=0.771 F;,;=20.80 a=0.01

In this equation B;_v applies to Y in the 8-position
of the benzimidazole ring and appears to confirm a
negative steric effect, but this point needs further
study, because the range of substituents covered is
not great. B;_y is found to be the most important
variable for this set. The negative coefficient means
that the larger the atom attached to the ring, the less
effective the binding. Attempts to parametrize X and
Z except in terms of MgVol were unsuccessful, and
log P and CMR were not useful parameters (CMR
and MgVol were found to be perfectly collinear, r =
0.994). The fact that MgVol has been used implies
that X and Z substituents also have a negative steric
effect. Three data points were omitted in this analy-
sis. Two of them, compounds 5 and 6, although
different in structure, possess the same affinity
values. The electronic term o does not seem to imply
a significant role. Although QSAR 66 is not very good,
it is quite significant, and the dependence on steric
effects is evidence.

3.29. Carboxamide Derivatives

Anzini et al.” applied several computational meth-
odologies to an enlarged series of carboxamide de-
rivatives to rationalize the variation in the binding
affinities to the PBR.

CoMFA and CoMSIA models were developed and
exhibit a satisfactory performance in the affinity
prediction. These 3D-QSAR models tolerate quite
well the additional steric bulk in a region for which
the model is relatively trained or the information on
the lipophilic amide side chain is dominant. The
QSAR model obtained is

pICs, = 1.44 (£0.13)E;;,;, + 4.08 (£0.37) (67)

inter
n=34 r’=0.70 ¢q°=0.38 F=73.93

Einter IS the energy interaction that gives a quantita-
tive description of the ligand receptor site comple-
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Table 56. ICso Inhibition of [BH]PK 11195 Binding of Peripheral Benzodiazepine Receptor (Ovary):”® Compounds
and Physicochemical Parameters for Derivation of Equation 65

no. substituents X, Y, Z, Ry, R obsd plICso calcd plCso ApICso Clog P
1 X=Y=Z=H,R; =R, =CzH, 7.02 7.113 —0.093 3.944
22 X=NO,, Y=Z=H,R;=R;=C3Hy 8.11 —-3.137 11.247 3.764
3 X=Y=Cl,Z=H,R;=R;=CsHy 8.37 8.340 0.030 5.384
4 X=Y=2Z=Cl, R =R, =C3Hy 8.58 8.620 —0.040 6.097
5 X=Y=Br,Z=CIl, R =R, =C3Hy 8.80 8.552 0.248 6.397
6 X=CF3 Y=2Z=CIl, R;=R;=CzHy 8.55 8.587 —0.037 6.308
7 X=Br,Y=CHs; Z=H,R1 =R, =CsHy 8.58 8.294 0.286 5.316
8 X =COO0OCHgs, Y =Z=H,R; =R, =C3Hy 7.57 7.136 0.434 3.969
9 X=CONH,, Y=Z=H,R; =R, =CzHy 6.52 6.118 0.402 2.869

10 X=H,Y=CHs Z=H, Ry =R, =CzHy 7.38 7.568 —0.188 4.443

11 X=H,Y=CH; Z=Cl, Ry =R, =CzHy 8.55 8.176 0.374 5.159

12 X=H,Y=NO,Z=H,R:=R,=CsHy 6.92 6.947 —0.027 3.764

13 X=H,Y =NO, Z=Cl, R =R, = C3Hy 8.06 7.598 0.462 4.478

14 X=H,Y=0CH;3 Z=H,R;=R;=C3Hy 7.31 7.325 —0.015 4.175

15 X=H,Y=0CH;, Z=Cl, Ry =R, = C3Hy 7.68 7.957 —0.277 4.889

16 X=H,Y=CI,Z=H,R1 =R, =CsH, 7.80 7.766 0.034 4.667

17 X=H,Y=Z=CIl, R =R;=CsHy 8.13 8.339 —0.209 5.381

182 X=H,Y=NH; Z=H,R; =R, =CsHy 8.24 —2.530 10.770 3.417

19 X=H,Y=NH; Z=Cl,R; =R, =CsHy 8.34 7.286 1.054 4.133

20 X=H,Y=NHCH;, Z=CIl, Ry =R,=CzHy 8.10 7.985 0.115 4.922

21 X=H,Y=NHCOCH3;, Z=H, Ry =R, = C3Hy 6.35 6.796 —0.446 3.600

22 X=H,Y=NHCOCHj3, Z=CIl, Ry =R, = C3Hy 7.48 7.452 0.028 4.316

23 X = Y = Z H R1 - R2 C2H5 618 6134 0046 2886

24 X=Y=H,Z=Cl, R, =R; =C3Hy 7.48 7.760 —0.280 4.660

25 X=Y=Z=H,Ri=R;=C4Hy 7.64 8.052 —0.412 5.002

26 X=Y=H,Z=Cl, Ri =R;=C4Hq 7.98 8.531 —0.551 5.718

27 X=Y=Z=H,Ri =R, =C¢Has 7.88 7.869 0.011 7.118

28 X=Y=H,Z=CIl, R;=R;=CgHis 6.75 6.768 —0.018 7.834

29 X=Y=Z=H,Ri=CsHs,, R, =H 5.70 5.878 —0.178 2.610

30 X=Y=H,Z=Cl,R;=C3H;,R, =H 5.79 6.542 —0.752 3.326

312 X=Y=Cl,Z=H,R;=C4Hq,R, =H 6.41 —4.563 10.973 4.579

a Data points not included in equation derivation.

mentary. The more negative the value of Einter, the
more stable the interaction between ligands and
receptor.

(a) Taking under consideration the compounds
with the above structure (Table 58), eq 68 was
derived:

log 1/1C5, =
0.266 (+£0.158)Bsr (&, —

3.510 (+0.833)By g ir,) +
4.812 (£3.211) (68)

n=11 r’=0923 ¢°=0.867 s=0.352 F,;=47.78 «=0.01
. ) -
parameter importance: Bl(Rl +R)) B5(Rl +R)

The collinearity between the parameters is minimal.
The 1Cso values represent inhibition of the binding
of [*H]-1-(2-chlorophenyl)-N-methyl-N-(1-methylpro-
pyl)-3-isoquinolinecarboxamide (PK11195). Big,+r,)
and Bsr, +r,) are the two sterimol parameters. By, +r,)
models the smallest width of the first atom of
substituents Ri/R,, whereas Bsr,+r, expresses the
largest width of the first atom of substituents Ry/R>.
Although the correlation for the hydrophobic effect,
Clog P, is low (r = 0.659), Bi(r,+r,) and Bs,+r, seem
to be collinear enough to Clog P (Clog P versus B; =
0.575, Clog P versus Bs = 0.583).

Compound 2 is rejected from the derivation of the
equation. No parametrization for substituent X has

been done. However, all fit well by eq 68.

(b) For the carboxamides with the above structure
in Table 59 QSAR 69 was obtained:

log 1/1Cy, = 0.369 (0.236)crrs —
0.439 (£0.182)crry + 5.430 (+£0.511) (69)

n=10 r’=0872 ¢°=0.792 s=0.160 F,;=23.93 a=0.01
parameter importance: crg > cmy

Two data points, compounds 7 and 12, are not
included in this analysis and they do not contain
any unusual substituents. Calculated n#r and my
values are used to model the lipophilic contribution
of the substituents R and Y. Correlation shows
that substituents R contact hydrophobic space,
whereas substituents Y contact a more hydrophilic
space. Again, no role for an electronic effect was
found.
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Table 57. ICs, Inhibition of [*H]Flunitrazepam Binding of Central Benzodiazepine Receptor:”® Compounds and
Physicochemical Parameters for Derivation of Equation 66

no. substituents X, Y, Z, Ry, R, obsd pICsg calcd plCso ApICso MgVol Bi-v a'y
1 X=Y=Z=H,R1=R,=CsHy 6.28 6.244 0.036 2.756 1.00 0.49
2 X=NOz, Y=Z=H,R; =R, =CsHy 5.47 5.916 —0.446 2.930 1.00 0.49
3 X=Y=Cl,Z=H,R; =R, =C3Hy 2.40 3.244 —0.844 3.001 1.80 2.940
4 X=Y=Z=Cl,Ri=R;=CsHy 2.40 3.013 —0.613 3.123 1.80 2,94
52 X=Y =Br,Z=Cl, Ry =R, =C3Hy 5.00 1.977 3.003 3.228 1.95 2.80
62 X=CF;, Y=Z=Cl,Ri =R,=CzH7 5.00 2.878 2.112 3.195 1.80 2.94
72 X=Br,Y=CHj3 Z=H,R;i=R,=C3H> 4.27 2.890 1.461 3.072 1.52 0.00
8 X=COOCHs, Y=Z=H,R; =R, =CsHy 4.92 5.572 —0.652 3.112 1.00 0.49
9 X =CONH,, Y =Z=H, Ry =R, = C3Hy 5.58 5.761 —0.181 3.012 1.00 0.49

102 X=H,Y=CHs3 Z=H,R; =R, =CsHy 4.85 3.139 1.711 2.897 1.52 0.00

11 X=H,Y =CHs; Z=Cl, R1=R; =CzHy 2.40 2.908 —0.508 3.019 1.52 0.00

12 X=H,Y=N0O2Z=H, R =R,=CsHy 4.80 4.852 —0.052 2.930 1.70 4.66

13 X=H,Y=NO, Z=Cl,R; =R, =CsHy 5.00 4.621 0.379 3.052 1.70 4.66

14 X=H,Y=0CH;3; Z=H,R1 =R, =CsHy 5.27 8.760 0.394 2.955 1.35 1.77

15 X=H,Y=0CH; Z= CI, R1 =R, = CsH7 4.19 6.450 —0.455 3.078 1.35 1.77

16 X=H,Y=Cl,Z=H,R; =R, =CzHy 4.59 3.475 1.115 2.878 1.80 2.94

17 X=H,Y=Z=CIl, R =R, =CzHy 2.40 3.244 —0.844 3.001 1.80 2.94

18 X=H,Y=NH, Z=H, Ry =R, =C3Hy 5.27 4.407 0.863 2.856 1.35 0.62

19 X=H,Y =NH, Z=CIl,R; =R, = CzH7 5.07 4.177 0.893 2.978 1.35 0.62

20 X=H,Y =NHCHjs;, Z=CIl, Ry =R;=C3Hy 4.00 4.094 —0.094 3.119 1.35 0.94

21 X=H,Y =NHCOCH3, Z=H, Ry =R, = C3Hy 4.96 4.292 0.668 3.153 1.35 1.40

22 X=H,Y =NHCOCHs;, Z=CI, Ry = R, = C3Hy 4.09 4.061 0.029 3.275 1.35 1.40

23 X=Y=Z=H,Ri=R;=CyHs 5.68 6.775 —1.095 2.474 1.00 0.49

24 X=Y=H,Z=Cl,R; =R, =CsHy 7.19 6.013 1.177 2.878 1.00 0.49

25 X=Y=Z=H,Ri=R;=CyHy 6.30 5.713 0.587 3.038 1.00 0.49

26 X=Y=H,Z=Cl,R; =R, =CsHy 7.04 5.482 1.558 3.160 1.00 0.49

27 X=Y=Z=H,Ri=R;=CgHas 3.93 4.650 —0.720 3.601 1.00 0.49

28 X=Y=H,Z= CI R1 =R, = CgHas 3.83 4.420 —0.590 3.724 1.00 0.49

29 X=Y=Z=H, R =CsH;,R,=H 6.09 7.041 —0.951 2.333 1.00 0.49

30 X=Y=H,Z= CI R: =CsH7, R, =H 6.93 6.810 0.120 2.455 1.00 0.49

31 X=Y= CI Z=H,Ri=C4Hg, R, =H 4.00 3.775 0.225 2.719 1.80 2.94

a Data points not included in equation derivation.

Table 58. PBR Binding Affinities of Carboxamide Derivatives:”>* Compounds and Physicochemical Parameters for
Derivation of Equation 68

no. substituents X, Ry, R» obsd log 1/K; calcd log 1/K; Alog 1/K; BiRr,+Ry) Bs(r;+Ry)
1 X =H, Ry = CH(Me)CHCH3, R, =H 6.638 6.56 0.08 2.90 4.49
22 X =F, Ry = CH(Me)CH,CH3, R, = H 7.886 6.56 1.33 2.90 7.02
3 X =H, Ry = CHyCéHs, R, = H 5.921 5.90 0.02 2.52 8.44
4 X =H, Ry = 4-CICH,C¢Hs4, R, = H 5.770 6.28 —0.51 2.52 8.44
5 X =F, Ry =4-CICH,C¢H4, R = H 6.569 6.28 0.29 2.52 5.53
6 X =H, Ry = CH(Me)CH:CH3, R, = CH3 8.678 8.66 0.02 3.42 5.53
7 X =F, Ry = CH(Me)CH,CHs3, R, = CH3 8.538 8.66 -0.12 3.42 8.06
8 X =H, Ry = CH,C¢Hs, R, = CH3 8.678 8.00 0.68 3.04 9.48
9 X =H, Ry = 4-CICH,CsHs, R, = CH3 8.009 8.38 —0.37 3.04 9.48
10 X =F, Ry = 4-CICH;CgHs, R, = CH3 8.469 8.38 0.09 3.04 5.15
11 X =H, Ry = 4-CIC¢Hs, R, = CH3 8.194 8.21 —0.02 3.32 5.15
12 X =H, Ry = 4-OCH3CgHs, R, = CH3 8.056 8.21 —-0.16 3.32 2.04

a Data point not included in equation derivation.

3.30. Flavonoids

The affinities for the benzodiazepine binding site
of the GABA receptor of 21 flavonoids

have been studied using [*H]flumazenil binding to
rat cortical membranes in vitro. Dekermendjian et
al.” studied the receptor-bonding properties of the
flavonoids, which can successfully be rationalized in
terms of a comprehensive pharmacophore model
recently developed by Cook and co-workers.”® From

the analysis of the binding affinities K; of 3'- and 4'-
substituted flavones, we developed eq 70.

log 1/K, = 1.344 (+0.819)l 5 +
0.837 (+£0.727)B,_ + 1.885 (+1.239)B, , +
2.461 (£2.151) (70)

n=17 r*=0819 ¢°=0.725 s=0576 F,;,;3=19.65 o =001

parameter importance: l; > Bg_5 > B;_4

No collinearity problems were found among the
parameters. We were not able to formulate a QSAR
with Clog P. I 3 is an indicator variable that takes
the value of 1 when there is a substituent at the 3'-
position. No efffect of the electronic factor in binding

affinity for the flavonoids was found. The B;_¢ and
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Table 59. PBR Binding Affinities of Carboxamide Derivatives:”®* Compounds and Physicochemical Parameters for

Derivation of Equation 69

no. substituents R, Y obsd log 1/K; calcd log 1/K; Alog 1/K; Crty CTR
1 R= CHzN(Csz)CHzCeHs, Y = COOC2H5 6.155 5.928 0.227 6.51 2.131
2 R = N(C;Hs5)CH,C¢Hs, Y = COOC;Hs 6.268 6.252 0.016 6.51 3.011
3 R =CIl, Y =COOC;Hs 5.432 5.437 —0.006 6.51 0.797
4 R = CH,THIQ, Y = COOC;Hs 5.926 5.838 0.088 6.51 1.887
5 R= CHzN(C2H5)CH2C6H5, Y = CON(CH3)2 6.640 6.714 —0.074 —1.139 2.131
6 R = CH,;N(C2Hs)CH,CsHs, Y = CON(C;Hs): 6.428 6.249 0.179 —0.081 2.131
74 R = CH,;N(C2Hs)CH,CsHs, Y = CON(C3Hs)2 6.341 5.785 0.556 0.977 2.131
8 R = CH;N(C;Hs)CH2C¢Hs, Y = CON(CH3)CeHs 5.880 5.937 —0.057 0.630 2.131
9 R = CH,N(C;Hs)CH2Cg¢Hs, Y = CON(CH3)-4-CICgHs 5.606 5.603 0.003 1.392 2.131
10 R = CH;N(C;Hs)CH,C¢Hs, Y = CONHC3H;g 6.059 6.187 —0.128 0.061 2.131
11 R = CH;N(C;Hs)CH2CeHs, Y = CONHCH,CsHs 5.538 5.788 —0.249 0.971 2.131
122 R = CH,;N(C;Hs)CH,CeHs, Y = H 5.469 6.214 —0.745 0 2.131

a Data points not included in equation derivation.

Table 60. K; Binding Affinities of Substituted
Flavones for the Benzodiazepine Binding Site of the
GABAA Receptor:’>’¢ Compounds and
Physicochemical Parameters for Derivation of
Equation 70

obsd calcd Alog

no. substituents log 1/K; log 1/K; 1/Ki Bs-s Bi Iz
1 H 5.38 5.18 0.19 1 1 0
2 3-Br 4.12 518 —-1.06 1 1 0
3 5-OH 5.72 596 —-0.24 193 1 0
4 6-CHgs 6.90 6.16 0.74 1 152 0
5 6-OH 6.40 5.84 0.55 1 135 0
6 6-OCH3 6.24 5.84 0.40 1 135 0
7 6-Br 7.15 6.97 0.18 1 195 0
8 7-OH 5.38 5.18 0.19 1 1 0
9 5,7-di-OH 6.04 5.96 0.07 1.93 1 0
10 6-CHs, 2'-NO; 6.00 6.16 —0.16 1 152 0
11 3',6-di-CH3 7.54 7.51 0.03 1 152 1
12 6-CHgs, 3'-NO, 8.25 7.51 0.74 1 152 1
13 6-Br, 3-NO; 7.80 832 -0521 195 1
14 3',6-di-NO; 7.59 786 —0.26 1 1.70 1
15 6-CHjs, 4'-NO; 5.14 6.16 —-1.03 1 152 0
162 4',6-di-NO2 4.77 650 -—-1.731 1.70 0
17 6-CHjs, 3',5-di-NO, 8.72 8.71 0.01 244 152 1
18 4'5,7-tri-OH 6.11 5.96 0.15193 10 O

a Data point not included in equation derivation.

Bs—s terms confirm a positive steric effect for 5- and
6-substituents. For this set the sterimol parameters
are found to be more important without replacing the
hydrophobic effect (no collinearity among B;—, Bs—s,
and Clog P). One data point is omitted (compound
16), which is a disubstituted —NO, derivative.

3.31. 2-Phenylimidazo[1,2-a]pyridine Derivatives

A new series of 2-phenylimidazo[1,2-a]pyridine
derivatives™ for both central CBR and peripheral
benzodiazepine PBR receptors has been synthesized,

Ty O

ROOC
RZR‘NOC

and their affinites for the CBR receptor have been
evaluated. The ability of the compounds to interact
with the CBR was investigated by a binding assay
using [*H]flunitrazepam as radioligand and mem-
branes from rat brain tissues as receptor source.

From the ICs values in Table 61, QSAR 71 was
obtained:

log 1/1C, = 2.046 (+0.923)7, —
1.313 (1.077)7° + 1.052(+0.289)lg 5 —
1.652 (+£0.374)1, + 5.029 (+£0.328) (71)

n=22 r’=0876 ¢q°=0747 s=0258 F,;;=3022 o=0.01
7y optimum = 0.779 from 0.570 to 2.597

Parabolic dependence on mx provides an optimum
lipophilicity mx, = 0.779. It is likely that X substit-
uents do contact a lipophilic space on the receptor.
The indicator variable Ir, is for the examples where
an alkylamine moiety is present, not a ring (com-
pounds 1—14). I; is used to indicate the presence of
a Cl. No parametrization was made for the length
(n) of the carbon chain between the heterocyclic
nucleus and the amide function and for the substitu-
ent Y. Compounds included in this set contain rather
little variation in substituent Y (H, Cl, Br, CH3). Two
data points (compounds 19 and 23) are omitted in
the development of the above equation. Both are
esters and not amide derivatives. Again, no effect for
the electronic effect was found.

3.32. 2-Aryl-2,5-dihydropyridozino[4,3-b]indolo-
3(3H)-ones

Campagna et al.””~7° had an interesting contribu-
tion in the 2D and 3D QSAR studies of a new class
of BzR ligands, namely, the 2-aryl-2,5-dihydropyri-
dozino[4,3-b]indolo-3(3H)-ones, which are structur-
ally related to the well-known 2-aryl-2,5-dihydropy-
razolo[4,3-c]quinoline-3(3H)-ones.®° As a continuation
a series of 2-aryl-3-chloro-2H-pyridazino[4,3-b]in-
doles, 2-aryl-3-methoxy-2H-pyridazino[4,3-b]indoles
and 2-aryl-2,5-dihydroindeno[1,2-c]pyridazino-3(3H)-
ones has been prepared and tested for their ability
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Table 61. Inhibition Values ICsy of [*H]Flunitrazepam Binding to the Central Benzodiazepine Receptor;
Inhibition by 6X-3Y-2(4Z-Phenyl)imidazo[1,2-a]pyridin-3-yl:"® Compounds and Physicochemical Parameters for

Derivation of Equation 71

no. substituents X, Y, Z obsd log 1/1Cso calcd log 1/1Csg Alog 1/1Cso X IrsR, P4
1 X = CIl, CON(CzHs),, Z=CI 5.08 5.22 —-0.14 0.71 1 1
2 X = ClI, CON(C3Hy),, Z=CI 5.06 5.22 —0.16 0.71 1 1
3 X =Cl, CON(CHy)4, Z=CI 5.53 5.22 0.31 0.71 1 1
4 X = CI, CH,CON(C3H~),, Z = ClI 6.33 6.08 0.25 0 1 0
5 X = Cl, CH,CON(CzH7),, Y = H 7.07 6.87 0.19 0.71 1 0
6 X = Br, CH,CON(CzH7),, Z, Y=H 6.94 6.87 0.07 0.86 1 0
7 X =1, CH,CON(C3H7),, Y = H 6.54 6.73 —0.18 1.12 1 0
8 X = CHs, CH,CON(C3H7),, Y = H 6.90 6.82 0.09 0.56 1 0
9 X = OCHjs, CH,CON(C3H7),, Y = H 5.55 6.04 —0.49 —0.02 1 0
10 X = NO,, CH,CON(CzH7),, Y =H 5.56 5.41 0.16 —0.28 1 0
11 X = Br, CH,CON(C3H7),, Y = H 7.24 6.87 0.37 0.86 1 0
12 X = Cl, CH,CON(CHy)4, Y =ClI 7.04 6.87 0.16 0.71 1 0
13 X = Cl, CH,CON(CH_)s, Y = ClI 6.62 6.87 —0.25 0.71 1 0
14 X = Cl, CH,CH,CON(C3H7),, Y = H 6.51 6.87 —0.36 0.71 1 0
15 X =CI, COOC,;Hs, Z=H 5.67 5.82 —-0.15 0.71 0 0
16 X = CHs, COOC;Hs, Z = CHjs 5.94 5.76 0.18 0.56 0 0
17 X = CHs, CH,COOC;Hs, Z=H 5.86 5.76 0.09 0.56 0 0
18 X =ClI, CH,COOC,Hs, Z=H 5.93 5.82 0.11 0.71 0 0
192 X = Cl, CH,COOC;Hs, Z = ClI 6.16 4.17 1.99 0.71 0 1
20 X = Cl, CH,CH,COOC;Hs, Z=H 5.95 5.82 0.13 0.71 0 0
21 X = CHs, CH,COOC4Hqy, Z=H 5.50 5.76 -0.26 0.56 0 0
22 X =ClI, CH,COOC4Hy, Z=H 5.60 5.82 -0.22 0.71 0 0
232 X = Cl, CH,COOC4Hgq, Z = ClI 5.56 4.17 1.39 0.71 0 1
24 X = Cl, CH,CH,COOC4Hy, Z=H 5.93 5.82 0.11 0.71 0 0

a Data points not included in equation derivation.

Table 62. Inhibition Values ICs, of [*H]Flunitrazepam
Binding to the Benzodiazepine Receptor by N—X,
2-(Y-Phenyl-3,5-dihydropyridazino[4,3-b]indolones:”"~7°
Compounds and Physicochemical Parameters for
Derivation of Equation 72

Table 64. Inhibition Values ICs, of [*H]Flunitrazepam
Binding to the Benzodiazepine Receptor Inhibition
by 2-(Y-Phenyl)indeno[1,2-c]pyridazinone
Analogues:””"7® Compounds and Physicochemical
Parameters for Derivation of Equation 74

obsd calcd obsd calcd

no. substituents R log 1/1Cso log 1/1Cso Alog 1/1Cso Clog P no. substituents R log 1/1Cso log 1/1Csp Alog 1/1Csp Ly
1 R=H 6.623 6.974 —0.350 —0.985 1 R=H 5.573 5.651 —0.078 2.06
2 R=Cl 7.507 7.431 0.077 —2.558 2 R=ClI 6.767 6.447 0.320 3.52
3 R =Br 7.405 7.431 —0.026 —2.558 3 R =Br 6.745 6.611 0.134 3.82
‘51 E = gCHa g-gg; g-ggg 8-(13? —3-8‘3% 4  R=O0CH; 6.745 6.698 0.047 3.98
6 R=Cl 5605 5626 ~ —0022  3.652 > RZH oo ot oo 2
7 R = OCH3; 6.003 5.851 0.152 2.880 7 R = Br 6.533 6.611 —0.078 382

8 R = OCHs; 6.400 6.698 —0.298 3.98

Table 63. Inhibition Values ICs, of [*H]Flunitrazepam
Binding to the Benzodiazepine Receptor Inhibition
by 2-(Y-Phenyl-3-X,2H-pyridazino[4,3-b]lindoles:""~7°
Compounds and Physicochemical Parameters for
Derivation of Equation 73

obsd calcd
no. substituents R log 1/I1Cso log 1/1Cso Alog 1/1Cso Clog P
1 R=H 5.604 5.786 —0.182 5.155
2 R=H 6.597 6.405 0.192 5.871
3 R =Br 6.550 6.538 0.011 6.024
43 R =O0CH; 7.042 5.831 1.212 5.206
5 R=CI 6.039 5.999 0.039 5.401
6 R =Br 5.928 6.129 —-0.201 5551
7 R = OCHgs; 5.453 5.313 0.141 4.607

a Data point not included in equation derivation.

to inhibit the [3H]flunitrazepam binding to the cen-
tral benzodiazepine receptor (Tables 62—64).

ﬁ p

(a) From the results in Table 62 eq 72 has been
derived:

log 1/1C5;, = —0.291 (+£0.071) Clog P +

6.687 (+£0.191) (72)

n=7 r’=0956 ¢°=0930 s=0.196 F 3=109.056 o =0.01

No role for an electronic effect was found. Activity
decreases with increasing hydrophobicity as brought
by —0.291 Clog P. The more hydrophobic the mol-
ecule, the higher the affinity to the BzR.

(b) For the data in Table 63 equation has 73 been
derived:

log 1/1C., = 0.865 (4:0.439) Clog P +
1.329 (+2.396) (73)

n=6 r’=0881 ¢°=0643 s=0182 F,,=29818 «=001

One point (compound 4, Table 63) was rejected from
the derivation of this correlation. The number of data
points is small. QSAR is not exceedingly significant
because there is a problem with the confidence limits
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Table 65. BzR Binding Affinities of Pyrazolo[1,5-a]pyrimidine Derivatives:®! Compounds and Physicochemical

Parameters for Derivation of Equation 75

no. substituents Ar, R, Ar' calcd log 1/K; obsd log 1/K; Alog 1/K; Clog P
1 Ar = CgHs, R=H, Ar' = C¢Hs 6.433 6.387 0.046 3.206
2 Ar = CgHs, R = CHj3, Ar' = CgHs 6.062 6.331 —0.269 3.235
3 Ar = CgHs, R = CH,CHj3, Ar' = CgHs 5.730 5.334 0.397 3.764
4 Ar = 3'-thienyl, R = H, Ar' = C¢Hs 7.141 7.050 0.092 2.854
5 Ar = 3'-OCH3C¢Hs—, R = H, Ar' = C¢Hs 6.717 6.524 0.192 3.133
6 Ar = CgHs, R = H, Ar' = 3'-thienyl 6.955 7.044 —0.090 2.857
7 Ar = 3'-OCH3C¢Hs—, R = H, Ar' = 3'-thienyl 7.375 7.184 0.191 2.783
8 Ar = 3'-OCH3C¢Hs—, R = H, Ar' = 2'-thienyl 6.440 6.788 —0.348 2.993
9 Ar = CgHs, R = H, Ar' = 3'-OCH3C¢Hs— 6.224 6.525 —0.301 3.133

10 Ar = 3'-thienyl, R = H, Ar' = 3'-thienyl, 7.788 7.709 0.079 2.505

11 Ar = 3'-thienyl, R = H, Ar' = 2'-thienyl 7.057 7.313 —0.256 2.715

12 flunitrazepam 8.664 8.397 0.267 2.140

of the constant term. All of the rings with their
substituents do appear to reach a hydrophobic sur-
face.

(c) Equation 74 has been derived for the 2-aryl-
2,5-dihydroindeno[1,2-c]pyridazino-3(3H)-ones (Table
64)

log 1/1Cy, = 0.545 (+£0.221)L, + 4.528 (+0.759)
(74)
n=8 r’=0859 ¢°=0.785 s$=0.194 F;4=36.290 a=0.01

and gave a good correlation between observed and
calculated I1Cs values. The above correlation does not
contain a Clog P or a & term.

3.33. 3,6-Diaryl-4,7-dihydropyrazolo[1,5-a]-
pyrimidin-7-ones

L

Bruni et al.®! designed a novel class of 3,6-diaryl-
4,7-dihydropyrazolo[1,5-a]pyrimidin-7-ones and de-
termined the groups involved in the BzR recognition.
3,6-Diphenyl-4,7-dihydropyrazolo[1,5-a]pyrimidin-7-
one was synthesized and investigated by a binding
assay using [*H]R0O15-1788 as radioligand and bovine
brain membranes from brain tissues as receptor
source. They have tried to predict the in vitro efficacy
of the most active compounds by determining the
GABA, ratio (|C50 without GABAA/ICso with GABAA)
The resulting affinity and efficacy were quite com-
parable with those of the reference compound of the
6-pyrazolo-3'/(5')-yl series. As an extension, the phen-
yl groups at the 3- and 6-positions were in turn
replaced either by 3'-methoxyphenyl or by a thienyl
ring to verify the maintenance of BzR recognition and
possibly to identify a potential bioisosteric series.

Using these data (Table 65) we developed eq 75:

log 1/K; = —1.886 (+0.428) Clog P +
12.432 (+ 1.270) (75)

n=12 r’=0906 q°=0819 s=0.260 F,;;=96.474 o=0.01

The negative coefficient with Clog P shows that the
more hydrophobic the molecule, the higher affinity
to the BzR. All data fit well by QSAR 75.

3.34. 3-Aryl-4,7-dihydro-6(N-alkylpyrazol-3'- or
5'-yl)pyrazolo[1,5-a]pyrimidin-7-ones

X§I

HN,

o

In continuation by the same research group® the
synthesis and the in vitro affinities of a series of
3-aryl-4,7-dihydro-6-(N-alkylpyrazol-3'- or 5'-yl)pyra-
zolo[1,5-a]pyrimidin-7-ones was investigated, to evalu-
ate the conformational requirements of the lipophilic
pockets into which the 3- and 6-substituents fit to
provide better insight into the structure—affinity and
—activity relationships of those compounds. Accord-
ing to their observations, the molecular interaction
of pyrazolo[1,5-a]pyrimidine ligands with BzR neces-
sitates the following: (1) a triple recognition involving
a hydrogen-bonding site H; (donor site) of the recep-
tor protein and C7, O, and N; of the ligand; (2) a
hydrogen acceptor bonding site A,, which interacts
with protonated N4 of the ligand; and (3) two lipo-
philic regions Li/L, and Lz, where the 3- and 6-sub-
stituents are proposed to fit.

From their data eq 76 was derived:

log 1/K; = 0.474 (+0.177) Clog P +
0.600 (£0.359)B, ,, — 0.903 (+0.212)B;_, +
6.681 (0.541) (76)

n=22 r’=0885 ¢°=0.838 s=0288 F;,;=46.35 o=0.01

Bi-3x is the most important factor in the QSAR,
following the overall lipophilicity Clog P of the
molecules and the sterimol parameter Bs_z. No para-
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Table 66. BzR Binding Affinities of 3-(Aryl)-4,7-dihydro-6-(N-alkylpyrazol-3' or 5'-yl)pyrazolo[1,5-a]-
pyrimidin-7-ones:# Compounds and Physicochemical Parameters for Derivation of Equation 76

no. substituents X, Z obsd log 1/K; calcd log 1/K; Alog 1/K; Clog P Bi-3x Bs-vy
1 X=2-Br,Y=Z=H 7.180 6.749 0.432 0.779 1.00 1.00
2 X=3Br,Y=Z=H 7.264 7.461 —0.198 1.079 1.95 1.00
3 X=4-Br,Y=Z=H 6.499 6.891 —0.392 1.079 1.00 1.00
4 X=2-F,Y=Z=H 6.467 6.550 —0.082 0.359 1.00 1.00
5 X=3F,Y=Z=H 7.149 6.760 0.389 0.359 1.35 1.00
62 X=4-F,Y=Z=H 7.166 6.550 0.616 0.359 1.00 1.00
7 X=3-CHs;,Y=Z=H 7.056 7.031 0.025 0.715 1.52 1.00
8 X=3-CF3; Y=Z=H 7.712 7.495 0.217 1.099 1.99 1.00
9 X=4-OCH;3;, Y=Z=H 6.186 6.446 —0.259 0.140 1.00 1.00
10 X=3-O0H,Y=Z=H 6.238 6.382 —0.144 —0.437 1.35 1.00
112 X=4-0OH,Y=Z=H 7.281 6.172 1.109 —0.437 1.00 1.00
122 X=2-Br,Y=2Z=CHjs; 5.899 7.376 —1.477 2.103 1.00 1.00
13 X=3-Br,Y=Z=CHs 7.959 8.089 —0.130 2.403 1.95 1.00
14 X=3-F,Y=H,Z=CH; 6.979 7.387 —0.408 1.683 1.35 1.00
15 X=4-F,Y=H,Z=CHs 7.523 7.177 0.346 1.683 1.00 1.00
16 X=3-CF3, Y =H,Z=CHs 8.509 8.122 0.386 2.423 1.99 1.00
17 X=3-Br,Y=Z=CHs 6.893 7.150 —0.257 2.403 1.95 2.04
18 X=3-F,Y=Z=CHjs; 6.780 6.448 0.332 1.683 1.35 2.04
19 X =4-F,Y =27Z=CHs, 5971 6.238 —0.268 1.683 1.00 2.04
20 X=3-CF3, Y=Z=CH3s 7.264 7.184 0.080 2.423 1.99 2.04
21 X=3-Br,Y=H,Z=CHs 8.465 8.340 0.125 2.932 1.95 1.00
22 X=3-F,Y=H,Z=CHs 6.588 7.638 —1.050 2.212 1.35 1.00
23 X=4-F,Y=H,Z=C;Hs 7.355 7.428 —0.073 2.212 1.00 1.00
24 X=3-CF3, Y =H,Z=CyHs 8.199 8.373 —0.174 2.952 1.99 1.00
25 X=3-Br,Y=Z=C,Hs 6.234 6.381 —0.146 2.932 1.95 3.17
26 X=4-F,Y=Z=CsHs 5.670 5.469 0.201 2.212 1.00 3.17

a Data points

>

ot included in equation derivation.

metrization for the 2',4'-position on the phenyl ring
has been done. The phenyl ring with these substit-
uents does appear to reach a hydrophobic surface.

The Bs_z term appears to confirm a negative steric
effect for alkyl substituents on the N. B;_3x has a
positive effect on the inhibition. The lipophilic surface
where the 3-aryl substituent fits possesses some
steric requirements. Electronic factors are not found
to play any definite role. The existence of linear-only
correlation between the log 1/K; and Clog P suggests
that the log P values were not great enough to
establish the upper limit of the binding inhibition.
Three points (compounds 6, 11, and 12, Table 66) are
omitted. Compound 12 is a very weak displacer,
whereas compound 6 possesses a very low Clog P
value (Clog P = 0.359). It is important that compound
11 is one of the two less lipophilic derivatives in the
series (Clog P = —0.437).

4. Overview

Despite the synthesis and testing of untold num-
bers of benzodiazepine and non-benzodiazepine ana-
logues and a number of attempts to formulate QSAR,
it is clear that we still do not have an ideal set of
congeners to properly delineate the structure—activ-
ity relationships. From all of the above QSAR studies,
for different kinds of BzR ligands there have surfaced
certain crucial features in each kind of ligand,
without which they would not be able to interact with
the receptor at all. There are similarities and differ-
ences in the crucial features for binding for structur-
ally different classes of ligands. Several models for
the BzR pharmacophore have been developed and
summarized by Villar et al.8 and Gupta.?* The fused
aromatic rings and the planarity of the molecules
seem to be of primary importance.

From most of the equations steric parameters, for
example, By, Bs, L, MR, MgVol, or Es, seem to play
important and significant parts in the correlations.
They would also indicate that hydrophobic effects are
relatively unimportant and there is no hydrophobic
barrier between the point of entry and the site of
interaction. The derived equations correlate in vitro
binding to the BzR receptor by chemicals rather
different in structure from the BDZs and which
probably possess different modes of binding. Hence,
it is not surprising that these QSAR bear little
resemblance to those of BDZs. Indeed, the QSAR are
so different that it is hard to believe that the same
binding sites are involved. The most conspicuous
difference is the limited or nonexistent hydrophobic
interactions. This reminds us of the QSAR for the
inhibitors of serotonin uptake. The existence of linear
correlations between inhibition values and log P (eqs
2, 4,6, 10 11, 13, 17, 26, 30, 54, 58, 69, 72, 73, 75,
and 76) simply suggests that log P values were not
great enough to establish the upper limit for the rate
of penetration. These equations may be interpreted
as indicating a situation where the maximum inhibi-
tion has not been reached. The negative coefficient
with Clog P lacks hydrophobic terms. The receptor
cleft or pocket may not be completely homogeneous
(hydrophobic) so that log P does not fit very well to a
large molecule with multiple positions of substitution.
In the cases when the relationship between log 1/1Csg
and log P is well approximated by parabola or a
billinear model, the role of the lipophilic character
of non-BDZs can be at least roughly separated from
their electronic and steric characteristics. Our study
shows that in 25 of 76 QSAR Clog P (and x) plays a
significant part in the QSAR of the non-BDZs on the
receptor. The presence of steric terms suggests that
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a protein receptor is involved. Thus, coefficients with
steric terms may reflect the complex process of
displacement of the ligand and/or the receptor wall.
The negative steric terms (MR, By, Bs, and L) imply
that the critical effects are occurring on (in) an active
site on a macromolecule. In three cases MgVol (egs
18, 23, 43—45, 4750, 52—54, and 66) becomes of
marginal importance. The parabolic dependence on
L provides an optimum length of 4.084 (0.294). A
fascinating point is the dual positive steric effects
brought out by B; and Bs, for example, in eq 68.

The Hammett's constant ¢ and the Swain—Lump-
ton F have been the major electronic factors influenc-
ing binding. In egs 3, 5, 13, 14, 27, 32—35, 46, and
63, activity was shown to have a significant depen-
dence on o or F (eq 13) or R (eq 13). In eqgs 3, 5, 27,
32—35, and 46 there was a positive role of o, whereas
in eqs 13, 14, and 63 a negative role was found. At
this time from the data sets under study and the
nature of the substituents, electronic effects cannot
be ruled out. Electronic parameters indicative of
dipole—dipole interactions, charge-transfer phenom-
ena, and hydrogen bond formation are not found to
govern the binding to the receptor of the data sets.

For some structural featureseqs 1, 5, 9, 10, 12, 15,
21, 26, 28, 29, 36—40, 63, 70, and 71, we had to use
indicator variables as a device to account for the
effect of a specific feature that cannot be accounted
for by a more specific parameter.

Because the experimental work on which these
evaluated equations are based was almost all done
in different laboratories, this tends to increase dif-
ferences in the results. Another confusion arises as
to the role of heteroatoms which confer different
degrees of specificity in terms of potency and in the
quality of the biological response.
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