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Dopamine receptor blockade and the
neuroleptics, a crystallographic Study
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The X-ray structures of 12 drugs of the tricyclic class having varying
pharmacological profiles have been examined in detail in an attempt
to rationalize the known structure-activity relations of neuroleptic
drugs with respect to their ability to block dopamine receptors in the
brain. Further evidence is presented in support of the theory that
the neuroleptics are able to block dopamine receptors because of a
conformational complementarity between certain portions of these
drugs and dopamine.

There is a large body of evidence that supports the concept that the neuroleptics
probably bring about their clinical effects by a blockade of dopamine receptors in the
brain, (Carlsson & Lindqvist, 1963; Nyback & Sedvall, 1968; Horn & Snyder, 1971;
Matthysse, 1973; Bunney, Walters & others, 1973; Snyder, 1974). Through the use
of the dopamine sensitive adenylate cyclase enzyme system in the rat corpus striatum
and in other dopamine rich brain areas it has recently been possible to examine the
effects of various dopaminergic agonists and antagonists on a system that is a useful
in vitro model of the dopamine receptor (Kebabian, Petzold & Greengard, 1972;
Horn, Cuello & Miller, 1974; Miller, Horn & others, 1974; Clement-Cormier,
Kebabian & others, 1974; Miller, Horn & Iversen, 1974; Karobath & Leitich, 1974).
The structure-activity relations for various classes of neuroleptics resulting from
studies with this assay system agree well with the findings from a variety of animal
tests (Moller-Nielsen, Pedersen & others, 1973; Miller & others, 1974). A molecular
mechanism that attempted to explain how chlorpromazine is able to block dopamine
receptors has drawn attention to a possible complementarity between certain portions
of the X-ray structures of the chlorpromazine molecule and dopamine (Horn &
Snyder, 1971). Dopamine is a flexible molecule and its preferred conformation at
its receptor site has been the object of recent speculation (Horn & Snyder, 1971;
Miller & others, 1974; Sheppard & Burghardt, 1974). The most important con-
formations to consider are the trans form (Fig. 1a) and the two gauche conformers
(Fig. 1b, ¢). It is known from X-ray analysis that the frans conformation of dopa-
mine is the preferred form in the solid state (Bergin & Carlstrom, 1968) and similar
results have been obtained in solution by nmr analysis and ir vacuo by theoretical
calculations (Bustard & Egan, 1971). Apomorphine (Fig. 2) is a well known
dopamine agonist that is thought to have a direct action on the dopamine receptor
(Andén, Rubenson & others, 1967; Ernst, 1967). It may be considered as an
analogue of the fully extended trans form of dopamine and as it is a rigid molecule
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there is no doubt about its conformation at the receptor, recently its X-ray structure
has been reported (Giesecke, 1973). 2-Amino-6,7-dihydroxy-1,2,3,4-tetrahydro-
naphthalene (ADTN) (Fig. 3) is another rigid analogue of dopamine that resembles
very closely the trans form of the latter molecule. This compound has been shown
to produce long lasting dopamine-like effects in rats after intraventricular injections
(Woodruff, Elkhawad & Pinder, 1974) to mimic dopamine’s inhibition of the firing
of cells in the caudate nucleus upon iontophoretic application (Woodruff, Flkhawad
& others, 1974) and to be as potent as dopamine in the stimulation of the dopamine
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Fic. 1. Newman projections of the trans conformation of dopamine (a) and the two gauche
conformations (b and ¢).
F1G. 2. Apomorphine.
Fic. 3. 2-Amino-6,7-dihydroxy-1,2,3,4-tetrahydronaphthalene (ADTN).

sensitive adenylate cyclase system (Miller & others, 1974). Behavioural studies
with other dopamine agonists have also supported the suggestion that it is the trans
form of the amine that is the preferred conformation at the receptor (Costall, Naylor
& Pinder, 1974). From the published coordinates for dopamine and apomorphine
we calculate the distance of the nitrogen atom from the centre of the catechol ring
to be 514 A in dopamine and 5-08 A and 5-12 A in apomorphine, there being 2
molecules in the asymmetric unit of the latter compound. It is therefore suggested
that the binding site for dopamine’s amine group at its receptor is about 5-1 A distant
from the centre of the aromatic ring. In an attempt to obtain information about
structural and conformational requirements for effective dopamine antagonism we
have examined the X-ray structures of several compounds of the tricyclic class
having varying pharmacological profiles. Values for the distances from each
aromatic ring to the nitrogen atom(s) in the side chain have been calculated in all
cases from published and unpublished X-ray results (Table 1).

A crystallographic and theoretical study of the conformations of the other main
class of neuroleptics, the butyrophenones, has been reported by Koch (1974). It is
known from a variety of animal tests and clinical data (Zirkle & Kaiser, 1970; Klein
& Davis, 1969) that potent neuroleptics of the tricyclic class (the phenothiazines and
thioxanthenes) usually have a non-planar tricyclic nucleus that is bridged by a hetero
atom and which has a substituent at the 2 position; the amine containing side chain
is normally separated from the tricyclic nucleus by a chain of 3-carbon atoms.
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Table 1. Distances of the side chain nitrogen atom(s) from the geometric centres of
the benzene rings A and B of the tricyclic system.

Distance in A
a-Flupenthixol (base) A-N,

B-Flupenthixol (base) A-N,

A-N, = 775
B-N; = 10-26
A-N, = 824
B-N; = 9:30
a-Chlorprothixene (base) A-N

Chlorpromazine (base) A-N;
Chlorpromazine (HCI) A-N,
Triflupromazine (HCl) A-N, Conformation A

Conformation B

NN R O =N WHR UKD RN

2-Methoxypromazine (maleate) A-N,;

A-Ng = 7-37

Thiethylperazine (base) A-N,
B-N, = 9-09

Promethazine (HCI) A-N,
Diethazine (HCI) A-N,;
Isothazine (HCI) A-N,;
Imipramine (HCl) A-N,

Acgumnau;q&~$&$o$w

\xwh-‘-hO\lG\G\O\gNw
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Conformation B
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_The distances of the side chain nitrogen atom(s) from the geometric centres of the benzene
rings were computed in all cases from reported, as well as unpublished, coordinates for the crystal
structures.

Studies by Gordon, Cook & others (1963) have indicated that, in general, (with some
exceptions) electron withdrawing substituents at the 2-position are usually found in
the most potent compounds.

As with dopamine, chlorpromazine has a flexible side chain that can probably exist
in several conformations which have only small differences in potential energy.
One can therefore try to obtain information about the receptor-preferred overall
conformation and critical interatomic distances for a neuroleptic of this class by
examining the structures of more rigid analogues such as the thioxanthenes and
dibenzo-diazepines and dibenzo-oxazepines. The thioxanthenes are of interest as
they display stereoselectivity in blocking dopamine-related effects, the cis isomer is
active whilst the trans isomer is much weaker or almost inactive. This is found both
in behavioural tests (Moller-Nielsen & others, 1973); and in in vitro studies using the
dopamine-sensitive adenylate cyclase system (Miller & others, 1974). With the
dibenzo-diazepines and dibenzo-oxazepines (Fig. 4a—c) there is a difference in neuro-
leptic potency depending on the position of the chlorine atom and the nature of the
bridging hetero atom (N or O) (Burki, Ruch & others, 1974). These compounds
are of particular interest as they are more or less rigid, apart from rotation about the
exocyclic C-N bond and small conformational changes in the piperazine ring and the
tricyclic nucleus. The distances of the nitrogen atoms of the piperazine ring from
the centres of the benzene rings, however, are more or less constant and the distances
found in the crystal and in atomic models will probably correspond very closely to
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those occuring at the receptor. At physiological pH the nitrogen atom of the amino
side chain of the neuroleptics will be positively charged and this introduces an obvious
difficulty in relating the X-ray structures of the free bases to receptor-preferred
conformations as protonation may effect the conformation of the side chain. As the
dibenzo-diazepines and dibenzo-oxazepines are more or less rigid molecules, however,
the conformation of the charged species will probably not differ significantly from
that of the free base. _

Recently, the dibenzo-diazepine HF-2046 (Fig. 4a) has been shown to be much
more potent in inhibiting conditioned-avoidance response, producing catalepsy,
acting as an apomorphine antagonist and increasing the turnover of dopamine in the
corpus striatum, than its positional isomer clozapine (Fig. 4b) (Burki & others, 1974).
The antipsychotic dibenzo-oxazepine, loxapine (Muller & Heimann and Kielholz &
others*, unpublished observations) (Fig. 4c) was more potent than either of the above
compounds. In in vitro (dopamine adenylate cyclase) studies, HF-2046 is a more
active antagonist (Ki = 1-8 x 10-8m) than either loxapine (Ki = 45 X 108 M) or
clozapine (Ki = 1-7 x 10~ M) (Iversen, Horn & Miller, 1974). The X-ray struc-
tures of all three of the above compounds have been briefly reported but full crystallo-
graphic details have not yet been published (Petcher & Weber, 1973).

FiG. 4. Structural formulae for (a) HF-2046, (b) clozapine, (c) loxapine and (d) perlapine.

The blockade of dopamine receptors by the neuroleptics is thought to be com-
petitive (van Rossum, 1967; York, 1972; Clement-Cormier & others, 1974) and for
simplicity this will be taken to mean occupation of the same site as the natural
agonist, although other interpretations are possible. If it is assumed, therefore, as
previously suggested (Horn & Snyder, 1971), that the antagonism is a result of a
certain complementarity between a portion of the antagonist and dopamine, then it
can be seen that, in the present case comparing the figure of 514 A for dopamine
with the two distances A-N, and B-N; in HF-2046 using standard molecular models,
the A ring of HF-2046 could overlay the portion of the receptor normally occupied
by dopamine’s aromatic ring, and the nitrogen atom N, could occupy the binding
site of dopamine’s amine nitrogen, the difference in the two distances A-N;—
dopamine being less than 1 A whilst the other distance B-N;—dopamine results in a
difference slightly greater than 2:5 A. That there is a small difference in the A-N;—
dopamine distance rather than an exact “lock and key” fit would tend to indicate

* Unpublished material made available by Lederle Laboratories, Pearl River, New York.
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either that this difference was still compatible with effective binding or that the
antagonist brings about a conformational change on binding to the receptor.

Although little is known about what constitutes effective and ineffective inter-
atomic distances in agonists and antagonists it seems more reasonable to consider
that the closer the resemblance the more effective will be the antagonism. Clozapine
differs from HF-2046 only in the position of the chlorine atom, the distances A~N,
and B-N;, are thus virtually the same as those in HF-2046 (Petcher & Weber, 1973).
Thus the greater neuroleptic potency of HF-2046 in comparison with clozapine
should be explicable solely in terms of the position of the chorine atom. It is known
that the position of this substituent is critical; if it is substituted in positions 3, 4, 6,
7 or 8 no catalepsy is found (Burki & others, 1974). It has also been shown that
replacement of the bridging hetero atom (N or O) by carbon and removal of the
halogen atom in the 2 position yields the compound perlapine (Fig. 4d) which has
only weak neuroleptic activity and is not active clinically as an antipsychotic (Stille,
Sayers & others, 1973). It is also only a weak inhibitor of the dopamine-sensitive
adenylate cyclase system, having a Ki of 4:-80 x 10" M (Iversen & others, 1974).

A similar effect by halogens is also found in the phenothiazines and thioxanthenes
(Zirkle & Kaiser, 1970; Petersen & Moller-Nielsen, 1964). Because of this positional
specificity it is unlikely that this is a lipid solubility effect by halogen, in fact this has
been ruled out for the phenothiazines (Green, 1967). It is also unlikely that the
chlorine atom is directly affecting the conformation of the piperazine ring.

There are several other possibilities, namely that it is having some effect on the
receptor i.e. increasing the binding or bringing about a favourable conformational
change, or it may interact with the hetero atom through a resonance effect (Gordon
& others, 1963), or its presence alone may affect the conformation of the tricyclic
nucleus as has been suggested for some other similar systems (Aizenshtat, Klein &
others, 1972). With the phenothiazines, theoretical studies (Coubeils & Pullman,
1972) have indicated that the conformation of the side chain is dependent on the
folding of the tricyclic system along the S-N axis, thus the 2-substituent might have
an indirect effect on the conformation of the side chain. It seems most likely,
however, that its potency enhancing action is via a direct receptor effect as even if it
is affecting the dihedral angle of the ring system there appears to be no direct correla-
tion between this angle and neuroleptic potency (Table 2). A ftricyclic nucleus that
is not planar, however, is apparently a requirement for neuroleptic activity as deriv-
atives of the planar aromatic ring systems, acridine and anthracene, are very weak or
inactive; this is even true of compounds which have a 3-carbon side chain amine
function together with a —~CF; or —Cl group at the 2 position (Zirkle & Kaiser, 1970).

As a result of theoretical calculations and model building it has been suggested
(Feinberg & Snyder, 1975) that in certain neuroleptics the 2-substituent is exerting a
direct Van der Waals force of attraction on the amino group of the side chain. We
feel this is unlikely, however, as in the crystal structures, where it is likely that the
conditions for such an effect would be very favourable, the distances involved are
too great for this to occur (Table 3). Even if it did occur it is unlikely that such a
weak force of attraction between these two functions would be sufficient to determine
the overall conformation of the molecule especially in aqueous solutions. The above
proposals also do not account for the potency-enhancing effect of the halogen atom
in the dibenzo-diazepines and dibenzo-oxazepines; as the side chain amine is part of
a fairly rigid ring system its conformation cannot be influenced by the halogen
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Table 2. Dihedral angle and inhibition of dopamine sensitive adenylate cyclase by
various tricylic drugs.

Ki (M) dopamine

adenylate cyclase Dihedral angle
a-Flupenthixol 1:0 x 10—? 151° (base)
«x-Chlorprothixene 37 x 10-® 141° (base)
Triflupromazine 4-4 x 1078 134°, 141° (HC1)
Chlorpromazine 4-8 x 10-# 139° (base)
Thiothixene 1-7 x 1077 (cis-trans?) 141° (base, cis)*
Thiethylperazine ~7 x 107 139° (base)
Imipramine 3 x 10-¢ 130°, 123° (HCI)
Isothazine, ethoproperazine 41 x 10-® 137° (HCI)
Promethazine >5 x 10 140° (HBr)
141° (HCD)
B-Flupenthixol >5 X 10-¢ 143° (base)
Diethazine 11 x 10-% 138° (HCl)
2-Methoxypromazine — 157° (maleate)

* Schaefer (1967)

The Ki is the inhibition constant which was calculated from the relationship Ki = IC50/
(1+S/Km) where the IC50 is the concentration of drug required to produce a 50% inhibition
of the dopamine-stimulated increase in adenylate cyclase activity in homogenates of the rat brain
corpus striatum, S is the concentration of dopamine added and the Km is concentration required
for half-maximal activation of the enzyme. The dihedral angle is the angle between the planes
of the two outer aromatic rings of the tricyclic nucleus. Both sets of values are quoted from
references contained in the text. .

substituent. Early theoretical studies on the phenothiazines had suggested a possible
link between the ring systems, electron donating ability and pharmacological effects
(Karreman, Isenberg & Szent-Gyorgyi, 1959; Bodea & Silberg, 1968; Malrieu,
1967). It has been shown, however, that this is unlikely and that the phenothiazines
do not display exceptional electron donor ability (Bloor, Gilson & others, 1970).
As will be shown by a consideration of other neuroleptics the distance of the other
N atom of the piperazine ring from either benzene ring in HF-2046 and clozapine is
probably not compatible with effective antagonism. In loxapine (Fig. 4c) the
distances A-N; and B-N;, are closely similar to those in HF-2046 and thus again
suitable for a blockade of the dopamine receptor.

Table 3. Interatomic distances of the 2-substituent from the side chain nitrogen

atom(s).

Atoms A

Chlorpromazine (base) Cl... N, 4-81
" (HCD Cl...N, 8-23
a-Chlorprothixene (base) Cl...N 664
Triflupromazine (HCI) F:C...N; (A) 6-78
FsC... N, (B) 6-54
Thiethylperazine (base) S...N; 660
S...N; 7-04
a-Flupenthixol (base) F,C... N, 5-46
F,.C... N, 6-41
B-Flupenthixol (base) F,C... N, 7-00
FC...N; 8-34

The distances of the 2-substituent from the nitrogen atom(s) in the side chain were computed
in all cases from reported, as well as unpublished, coordinates for the crystal structures.
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The thioxanthenes are less rigid than the dibenzo-diazepines but they have less
conformational freedom than the phenothiazines. a«-Flupenthixol (Fig. 5a) is
known to be a very potent neuroleptic (Moller-Nielsen & others, 1973) and is the
most active antagonist yet tested on the dopamine-sensitive adenylate cyclase system
having a Ki = 1-0 X 10~® M whereas the B-isomer is very weak in blocking dopamine
related effects in animals and has a Ki in the above in vitro system of 5 x 10~¢m
(Miller & others, 1974). A mixture of the « and B forms is in clinical use as an
antipsychotic agent (Klein & Davis, 1969; Gottfries, 1971). It is of interest, there-
fore, that in the free base of a-flupenthixol the distance A-N, is 5-82 A and B-N, is
7-46 A (Table 1) which corresponds closely to the distances found in models of
HF-2046 and loxapine. The distances A-N, and B-N, are 7-75 and 10-26 A,
respectively.

The crystal structure of a-chlorprothixene (free base) (Fig. 5b) has recently been
reported (Post, Kennard & Horn, 1974a), in the adenylate cyclase assay it has a
Ki = 3-7 x 10~ m ,whilst the weaker B-isomer has a value of 9-5 x 10-"m (Miller
& others, 1974). As a-chlorprothixene has only one nitrogen atom there is no doubt
about the relevant distance. The values of A-N=6-24 A and B-N=7-43 A (Table 1)
are within the range of the previous compounds. In chlorpromazine (Fig. 5c) the
values for the distances A-N, and B-N; in the free base (McDowell, 1969) are 5-12
and 6-81 A whilst in the hydrochloride (Dorignac-Calas & Marsau, 1972) these
values change to 6:70 and 6-18 A respectively (Table 1). The conformation of the
hydrochloride, of course, will be influenced by the requirement of H-bonding to the
chloride ion by the charged amino group.

In the two thioxanthenes examined so far, a-flupenthixol and a-chlorprothixene,
the distance thought to be relevant for effective blockade of the dopamine receptor
has a mean value of 6-03 A and the other distance is 745 A. It would thus appear
that a conformationally asymmetric molecule is required for maximum activity
with a difference in distance of the nitrogen atom from the centres of the two aromatic
rings of about 1-5 A. A difference in these distances of 1-7 A is also found for the

F1G. 5. The conformations of the free bases of «-flupenthixol (a) (Post, Horn & Kennard,
unpublished), x-chlorprothixene (b), chlorpromazine (c) and B-flupenthixol (d) (Post, Horn &
Kennard, unpublished) viewed in projection in the crystal structure. The drawings were pro-
duced from the atomic coordinates using program PLUTOX (Motherwell, unpublished).
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free base of chlorpromazine whilst in the hydrochloride it falls to 0-6 A. In the free
base of B-flupenthixol (Fig. 5d) the distances A-N; (6:09 A) and -C(-CF;)-N,
(7-00 A) are greater than in the a-isomer where A-N; = 5-82 A and -C(-CF,)-N; =
5-46 A (Table 3) the dihedral angles also differ by 8° (Table 2). If this solid-state
conformation for the B-isomer is similar to that occurring at the receptor it could be
argued that the above differences, in total, could result in the molecule not having an
optimal “fit” for the receptor. There is also a small difference (0-36 A) between the
distance A-N; (6:09 A) and B-N, (6:45 A) which means that the B-isomer, at least
in the solid state, is less “asymmetric” than the a-isomer. The clinically efficacious
antipsychotic phenothiazine, triflupromazine HCI (Klein & Davis, 1969) exhibits two
conformations (A and B) in the solid state (Phelps & Cordes, 1974) conformation B
is shown in Fig. 6a. In this conformation A-N, = 6:28 A and B-N, = 7-28 A,
it is of interest that the former distance is very similar to the analogous one found in
models of loxapine, it is also noteworthy that these two drugs have a very similar
antagonistic activity on the dopamine sensitive adenylate cyclase system. In the
other conformation A, A-N, = 6-:38 A and B-N, = 6:42 A.

FiG. 6. The conformations of triflupromazine HCI (a), thiethylperazine free base (b), 2-methoxy-
promazine maleate (c) and promethazine HCl (d) viewed in prOJectlon in the crystal structure.
The drawings were produced from the atomic coordinates using program PLUTOX (Mother-
well, unpublished).

Thiethylperazine (McDowell, 1970) (free base) (Fig. 6b) has a A-N; distance of
593 A (Table 1) and a —S—Et group as the 2-substituent, it is, however, said to be a
phenothiazine with only weak antipsychotic activity (Matthysse, 1973; Karobath &
Leitich, 1974) and it is not a potent inhibitor of the dopamine sensitive adenylate
cyclase system (Table 2) (Karobath & Leitich, 1974). This is probably explicable in
terms of the 2-substituent (-S-Et) (cf. Gordon & others (1963) for a discussion of
the effect of the —-S—CH, group) as two other analogues with a —CF, (trifluoperazine)
or —Cl substituent (prochlorperazine) are potent both clinically and in the above
in vitro system (Klein & Davis, 1969; Miller & others, 1974).

2-Methoxypromazine (Fig. 6c) is reported to be less active clinically than chlorpro-
mazine (Gosline, Walters & Saunders, 1959) and the maleate salt (Fig. 6c) has
A-N, = 635A and B-N; = 664 A with a dihedral angle of 157° (Marsau &
Gauthier, 1973)." It is again possible that it is less efficacious due to the nature of
the 2-substituent (Gordon & others, 1963).
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Promethazine HBr (Marsau & Busetta, 1973) and HCI (Fig. 6d) (Escobar, Marsau
& Clastre, 1968) diethazine HCl (Marsau, 1971) (Fig. 7a) and isothazine HCI
(ethoproperazine) (Marsau & Calas, 1971) (Fig. 7b) are all compounds with a two
carbon side chain and no 2-substituent and all are known to be weak or ineffective as
antipsychotics and neuroleptics (Klein & Davis, 1969; Zirkle & Kaiser, 1970). All
three compounds are also known to be weak inhibitors of the dopamine-sensitive
adenylate cyclase system (Horn & others, 1974; Miller & others, 1974; Clement-
Cormier & others, 1974; Karobath & Leitich, 1974). In promethazine HCl A-N, =
6:04 A and B-N, = 536 A, in diethazine A-N, = 526 A and B-N, = 6:16 A and
in isothazine A-N; = 6:17 A and B-N; = 5-20 A (Table 1). The average difference
between the two distances is about 0-8 A. It has been shown that introduction of a
2-substituent into these compounds increases activity (Zirkle & Kaiser, 1970).

FiG. 7. The conformations of diethazine HC! (a), isothazine HCl (b) and imipramine HCI (¢)
viewed in projection in the crystal structure. The drawings were produced from the atomic
coordinates using program PLUTOX (Motherwell, unpublished). The structural formula of
(+)-butaclamol (d) is shown with the phenylethylamine moiety in heavy outline.

The tricyclic antidepressant imipramine (Fig. 7¢) is well known to be ineffective as a
neuroleptic (Klein & Davis, 1969) although it bears a structural resemblance to
chlorpromazine. In the crystal structure of the hydrochloride (Post, Kennard &
Horn, 1974b, 1975) there are two conformations (Fig. 7c shows the B form) and the
distances A-N, are 6-24 A, 6:53 A and B-N, are 7-21 A, 6:07 A, and the dihedral
angles are 130° and 123° (Tables 1 and 2). . It is probable that its lack of in vivo and
in vitro activity (Klein & Davis, 1969; Karobath & Leitich, 1974; Clement-Cormier
& others, 1974) is due to the absence of a 3-substituent (the 3 position in the imi-
pramine ring system is equivalent to the 2 position in the phenothiazines) and the
presence of a dimethylene bridge instead of a sulphur atom. Recent nmr studies
on imipramine have shown that the tricyclic ring system is not fixed in one conform-
ation but that the central seven membered ring is inverting at a very rapid rate on the
nmr time scale (Abraham, Kricka & Ledwith, 1974). . It would be of interest to
know if this is also true of the neuroleptics (Aroney, Hoskins & Le Fevre, 1968;
Aizenshtat & others, 1972; Ternay & Evans, 1974). ;

The topic of structure-activity studies of neuroleptics is at once made more interest-
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ing yet more complex by the reported neuroleptic effects of butaclamol (Fig. 7d) a
neuroleptic displaying stereoselective activity due to optical isomerism. In both
in vivo and in vitro (dopamine adenylate cyclase) studies the (4 )-isomer (Fig. 7d) of
one racemate is much more active than the (—)-isomer (Bruderlein, Humber & Voith,
1975; Miller, Horn & Iversen, 1975; Lippman, Pugsley & Merker, 1975). The Ki
value for (4-)-butaclamol in the above assay is 88 x 10°M. In its structure
butaclamol resembles more closely the tricyclic antidepressants than the previously
discussed neuroleptics. It lacks a hetero atom bridge and a 2-substituent, it would
be of interest, however, to know if the compound would be more potent if it had
these atoms. It can be readily seen to contain the phenylethylamine skeleton of
dopamine in its structure (in heavy outline in Fig. 7d) which could account for its
antagonist activity, as in other potent neuroleptics is also contains a hydroxy “tail”.

In conclusion it is apparent, therefore, from the drugs studied that as with any
other drug-receptor interaction the overall effect is due to a combination of a favour-
able conformation and the correct molecular structure. Although these factors are
obviously related and interdependent it is clear from the foregoing examples that
there is a certain amount of separation in the contribution of these two effects.
A more or less correct interatomic distance of about 6 A of the amine nitrogen atom
from the centre of one aromatic ring is not a sufficient requirement for activity as this
is seen in both active and inactive compounds and in order for a compound to be
active it must also possess a non-planar ring system as well as certain other groups
that may have direct receptor effects. The increased potency that is seen on varying
the nature of the 2-substituent and the type of amino side chain is possibly due to the
receptor effects of these groups rather than any strictly conformational actions on the
drug itself.
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