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A study (If the colmtfomntation (If mio’uroleptio drugs by X-ray diffractiomi amid simple comiforma-

tional calculations has ro’vealed some relationships amotig the relative amramtgememtts of pos-

sible pharmacodymiamic groups for these substances. A hydrogett bond donor at ami appro-

priate distamice front the basic miitnogemt comnmon to most mteunoleptics oftemi results in an

erthamicememit of activity.

INTRODUCTION

It has been show-it by Janssemt (1) that all

known neuroleptic drugs can be regarded as

belongittg to omte of nine categories of

methylethylamine derivatives. The first

seven of these categories cami be derived

from the following basic formula:

A-X = V-C--C-N-C

where A is benzene or an isostenic aromatic

ring; X = C, N, 0, or S; and V = C, N,

or 0. Also) X and V cannot be heteroatoms

at the same time, and the X-Y bomid only

becomes a double bomid when X = V.

This attempt to correlate the chemical

topololgy with activity has been very fruitful

in organizing the large body of data omi

neuroleptics. However, it has two severe

limitations. (a) In some cases tho’ fragment

associated w-ith activity can be present in

different ways in the same molecule; for

examplo’, there are three separate ways of

obtainmg nit A-C-C-C-C-N--C on
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A-N-C-C-C--N--C fragmemit in spi-

perone (Fig. 1). (b) Somo’ molecules which

do comitaimt the fraginemtt are inactive.

A second type of relationship has beemi

used mainly for phenothiazine derivatives

(2). It attentpts to) correlate their temtdo’ncy

to form charge-tramisfem complexes with phar-

macological activity. Unfo Irtunat(’ly, imivesti-

gators in this field havo’ never extended the

results obtaimted for the phenothiazine

derivatives, which are rather weak and

aspecific, to the mono’ potemit neuroleptie

derivatives (e.g., spip(’romie).

This report compares tho’ three-dimemi-

sional structures of neuroleptics, deter-

mined by X-ray diffraction, in order to) fimtd

some comrelatiomt ho’tweo’n them. Although

no clear-cut conclusion emerges, it is j)Os-

sible to establish a number of structural re-

quirements which o’miable one to predict, at

least for the butvrophenones, the effo’ct o�f

certaimi substitutiomis on activity. The data

on pharmacological activity in this papo’r

refer to the apomorphine test usimig sub-

cutaneous inj(’ctions imi dogs. Do’tailo’d data

for a large tiuniber of mieuroleptic compoumtds

can he foumid in thto’ hito’matumo’ (1).
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Fmo. 1. Three u’ay.s of Jimodomog au 1 --(V -(‘---CC---.V---(.’ or .1-.V----(’-G-C-----.V---Cfragmnemot i,o spiperomoe

TABLE 1

Formmo u lae a 10(1 refono’ moces for i/u ree -olimmuemosio,o a! .siro,ct oores of n ‘u role ptic.s

Indole der3vaoves Reference

Reserpine cpI)r 0CH3 3
4j(n-_ �2_c_.#{216}._ocH3

Butyrophenones and oeloted compounds � ce2 �.

R1616 -� (Ic’ 4

or

R1616-base (_N’���’)( 4

Haloperidol - (� 5

0
*

Spopemone - ‘LY J 6

Benperidol � 7

R4173 R_N�N’�(�H� 8

6
Spirilene F�C=CM- CH22 - 9

C(43

Penfluridol � CM2 � 10



0CM3

,CM3

S N - CII2 3-N

‘CM)

C’

,CM3

S N-CM2!3-N

�CPI3

S- C2H5

0.-
5 N - CM23 -N N-CM3

Mopazine
(as mopozine moleote)

Ch lorpromoz inc

Thiethylperaz inc

Thioxonthene derivotives

11

12

13

14
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TABLE,1

(Cont’d.)

Phenothiozine derivatives

Q
Thiothixene S C = C - ((I2 2 - NN - CM3

N CM3�2

Reference

RESULTS AND DISCUSSION

The formulae and references correspond-

ing to the known three-dimensional struc-
tures of interest are given in Table 1. Al-
though charge-transfer complexes between

phenothiazine and s-trinitrobenzene and
between phenothiazine and 3, 5-dinitro-

bemtzoic acid (15, 16) have beeit published,

these structures are itot. relevant to the mteu-

roleptics. Nor will meserpimte be studied in

detail, because it produces depletion of brain

catecholamines and probably has a mecha-
nism of action which differs from that of
most other neuroleptics. The atomic num-

bering used in this paper refers to the irnm-

bering given in the original papers.
The first question w’hich arises in com-

paring the structures of phenothiazimte de-

rivatives and the more potent butyro-

phenones is whether the side chaimi of the

phenothiazines corresponds to the sido’ chaimi

in butyrophenone or to some fragment in its

piperidino’ ring. The probablo’ colmtfonma-

tions for the side chaimt of butyrophenone

derivatives have been calculated usimtg
spiperone as a model for a Westheimer
approxintation (6). The values of �2 amid �
as defined in Fig. 2 were raised in 100 steps,
w-hile �, �, and � were fixed at the o’xperi-
mental valuo’s found in spiperone. The me-

suiting energy map is shown in Fig. 3.

There are five nearly equal minima, which
because of a symnietry plane perpendicular

to the mean plane of the piperidine ring
correspomtd to) 10 allowed conformations.

The shaded regions of the map correspond

to umtallow-ed conformations. The same cal-
culation was carri(’d out, assuming a value of
- �3�#{176}for �. The extemtded conformations of

the side chaimt am e much more favorable,
although the lowest minimum is 5 kcah/mole
above the lowest ntinimum in the first map

(Fig. 4). All the known structures of butyro-

phenones, except R4173, correspond to one

of three of the calculated minima of the

map showmi imt Fig. 3.
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8 � C 11 ._2�__C 2 � C 3 � C�4 � �

1 10 �. 2. Deji out iuo,o of tonsiomo a oogles used too U cstheimmoer ca.lc 01 tat 0010

A zero value foor the tolrsi011u atugle aloiug the C(12)-C(13) bond in C(11)-C(12)-----C(13)�--C(14) corre-

spootuols to) the cis coiuforniat ion. A posit ive angle correspotuds too a clockwise rotat jOIn oof C (11) when

lookitug dowiu fronu C(l2) 0(0 C(13).

NI CI!�CI2C13

Fno�. 3. Result of couofonnoatoonal euuenq!/ (OllCoIla-

two for .spi poioooo, , a.ss’uo mooiog � = 180#{176}

The doots correspootuol too the coluforluiatiolus found

in t lie orvst als : .1, spil)erolne ; B, U 1616 base; C,
111616; 1), halopo’ridool ; E, bo’iuperiolol ; F, 114173.

The couutolurs o’orrespond to differeouco’s of 1 kcal/

mole.

I�4l73 has a eolmtfonltiatiomi o)tily slightly

abolvo’ (�0.5 keal /mole) thio’ seoomid coltitoun

of tho’ mica rust minimum. A similar cahcula-
tiomi, using the moore solphistioat.(’d technique

of po’rtuni)at ivo’ o(lnfiguratiolmi interaction

using lo oo’alized oorbitals (PC Ilk)), o’arried out

b Coubo’ils anti Pullman (17) for tho’ PIB’mtO-

thiazimie do ‘rivat ives, showo ‘d t hat the con-

formttatli ltls of (‘ltlolrllro otiiazimio’, thtio’thvlpera-

zinc, amid moo opazitmo’ imi thto’s ohid state come-

spolmid to) thio’ o’miergy ntininia for tho’ isollated

ntoleculo’. It shioould be stro’sso’d that all theso’

calculatioomis are strictly vahiol oiily for 1S(I-

hated no )lo’culo’s, as stroomig imitermollo’cular

foIrces o’xist mi thto’ crystal.

l{1616 o’xo’nipliho’s tho’ � oof vami den

-�-� ;� ___

� __

Fio;. 4 . I?e.so,lts of coofonnoatiomoa! euoeng�j calcou-

lotion for .spiperooe, (1.s.s01118iuIg to -60#{176}

�flie O’(IIutOturs are at iuuto’rvals of 1 kcal/niole.

\V�ials fo Irco’s, hi�i1rogemi ho Inds, and st rolmtg

1(11110’ imito’ractions in the solid stat(’. Itt

111616 base only van den Waals forces atid

hivdrolgo’mi homids (‘xist, while in 1i4173

00 Iho’sioltt (If the crystal is due solely tol van

der Waals forces, sinc(’ this molecule can

form mm hydmogemi botids. The good agree-

nio’mit bo’tween cahculato’d timid observed comi-

formatiomis, regardless of the type of inter-

moll(’oular ititeractiolmis itt the crystal, imidi-

cate that these molo’cules will tend to) main-

taimi amt o’xtended comiformatiomi itt amiv

emivirolnment, as showmi itt Figs. 5 timid 6,

which are stereoscopic drawings of the umiit

cells olf 111616 and 111616 baso’, respectively.

Tablo’ 2 summarizes the torsion anglo’s of

tno’ side chains of all known structures. The

first thtro’o’ groups co)mno’spolnd to the three

mttimtimiia (If the o’nerg map imt Fig. 3. The

side chaimi (If the phio’nolthtiazitte derivatives

has a coomiformnatiomt vo’ry simitilan to that of the



FIG. 5. Stereoscopic new of coote,ot.s oof oooe ouooit cell of 111616

The large spheres are the chlolride iouos.
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F to;.6. Stereoscopic oieu’ of coo, to’,, t.s of omue ot,, it cell of 111616 base

hutyropho’mtomies, o’xco’pt for tito’ elt(1 oof the

ehaimi, whtich is strongly infiuo’mtced by the

pro’semtco’ o�f the phio’mioltltiazine nimtg. Replace-
mo’nt of the canboomivl group imi thio’ side chiaimi

(If spipenomio’ by a CH1-C� group, to) give

sl)inilemte, has no effect omi the comtfonniatiolmi
of thte mitooh’cule. Tho’ sido’ chant oof thiotltixemio’

has a c Imif orniat io �n bet wo ‘cmi t ho ose o)f gr aip

II atid gro�up III.

1�ho’ flexibility of the siclo’ chain does nolt

imidio’ato’ vo’nv speoific into’ractiolns ; its niaimi

rob’ must ho’ to) anchor the moolecule in a

lipophihic nio’dium. Suhst itut ioomi imi this

pant oif thto’ ntoolecule will mttaimtlv atio’ct



C C
-64 170

0

-4
C

175
C - C16

-13

53

177

Spiperone K’�-I-I�--II:�C

-176

Sprilene #{231}/177 173 C

174

Thiethylperozine �173 C

C16

76
Chiorpromazine N C

/ -162

C17

C - C
-70 -176

C C17

- C -C’
-2 2

TABLE 2

Conformation of side chain of neuroleptics

Torsion angles are defined in Fig. 2. _________-

Conformation of the side chain (GROUP I)

C

_______ -3 I ________
C C15-C20

176 -28

C3 C2

-15 I
_______ _______ _______ -142 _______C C - N C8 C9

-54 175 66 20

C12 _______ C11

-139 -18
C C - N C5 - C6

69 -164 69 17

Conformation of ihe side chain (GROUP II)

51 0

C177 I_ _-56 2Haloperidot N C C C C-178 -169 -69 -178
-178

-58

58 0

f\�179_ _ _ _ _ _

-61 1
R16l6-base N C C C C

�-177 -179 -166 8 -177

-62

59 c
7\179 I_ _

-67 8
R4173 N - C C - C C CS C6171 -177 95 -170 -1

\/- 179 -
-58

56 C C18

179 .651
-65 -57 I

Pen0 luridol N C C C C C C24
175 -178 -81 178 18

�-178

-62
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58

175

R16t6 ((‘�)N -162
77

-174

-60

58

� 179

Benperidoi / N C
178 -173

\�_____#{149}��� 76

-56

Ct9

0

C C
5

0

__ 2 __ __

C C C C C
-166 -178 3 25

dl - Ct
-5

Mopaz inc
N

/ -173

C20”
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TA8ILm.: 2

(Cont’d.)

Conformation 0f the side chain (GROUP III)

-5
C C C

t75 -162 t74

C C C
170 -175

C14 C9

-8t
N

82

ConformaOon of the sde chain (GROUP IV)

-58

-174

TOothxene -62 C C

64 -170

61

C3 C2

___ -1 481 ___

----C--- C
-117 -176

-C12 -C11
43

activity through its influetice on tho’ 9anti-

tiomt coefficiemtt between the hipophihic amid
hydrophihic phases. How-ever, the sido’ chain

of phenothiazimie derivatives in the solid

stato’ perfectly mintics half of the piperidine

rimtg in the chair form, as shown by the coin-

panison of torsion angles in Table 3.
A striking similamity antong the most

active do’nivatives is the melativ(’ orientatiomi
of the pipenidine ring and the conjugated

group attached to it. Itt the most potent

derivatives (spiperomte, benpenidol) the mo’ati
plamte (If the comijugated group is neamly per-

pemidicular to the mean plane of the pipemi-

dine ring, as shown in the last colummi of

Table 3 amid itt Tabbo’ 4. Imt spiperomte this

conforniation is rigidly fixed. lcaufmttan
(is) has carried out a calculatiomt by the

method of comtiplete neglect of differo’ntial

overlap (CXI)O) fo �n chiorprontazimmo’, which

shows that if one comisiders the side chain to

be fixed and hemice to) mimic tite pipo’nidimie

ring, omily a small amount of energy is
needed to bnimig the meamt plamie of tho’

phenothiazine ring perpemtdiCuiar to the meati

plamio’ of the side chain.
For benperidol thero’ are two possible cots-

formations for thte conjugated group. This is

showti imt Fig. 7, which represemits the result

of a conformatiomial amtalysis that tako’s imito
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A B
X

- torsional angles torsionaO

angle between the LS
mean plane of

angles NCCC and A - group

C-N-C-C-C-X C-N-C-C--C-X A B

spiperone

benpet idol

halopet idol

R1616- base

R1616

peniluridol

thiethylperazine

chlorpromaz ne

N

N

C

C

C

C

N

N

-174 -55 175

-176 -56 177

-178 -59 175

-177 -62 177

-174 -60 176

-178 -62 177

164 -54 175

177

179

-177

-179

175

179

54 -173

58 -176

52 -177

58 -177

58 -174

57 -179

81

88

116

78

82

127

46

88#{176}

85

63

65

82

52

68-162 69 -164
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(‘omoopano Solo of torso 0!� (1 ii yie.s on p0 p0’ � 005 no oog of b it �jnopIoeoooooo’.s oioo(/ nelateol commopooo muds amid

- 000 ‘COO/C (/0(1 omo of ph e oooth iazi,oe deninoo tines

C

account o)ttl’V vami do’r \Vaals emto’rgy. Imi both
st able co)nformat i Ins t ho’ cottj ugated group

is l)o’npo#{176}ndiculam to) tho’ mean plamie of tho’
pipo’nidme ring. Although the lowest energy

minimum agrees well with the expeninit’mital

comiformat ion, the symmetry o’xpo’cto’d for
this curve is not exactly nespect(’d, because

crystallographic coo)rdimiates, which slightly
deviate from the ideal symmetry of models,

wo’no’ used. The same situatioit applies to

Fig. 5, which explaitts tho’ appareitt flexi-

bility almut the C7-C0 bottd imi haloperidoi
amid related demivativo’s of 4 hydroxy-

4-phenylpipenidines. Tue confomniational
emiergv folr halopenidol was calculated on the
assumption that tho’ toorsiomt amigle (C8-C7---

01-H) was -170#{176}.
Tho’ value of tho’ tolrsio)mi amtgle alomtg the

C7-C4 boitd agreo’s wo’ll with the expemi-

mental valuo’s for halo po’nid II, po’miflumidol,

an(l 111616 baso’, but miot for 111616. Al-

though the diffenemice itt o’miengy is small, it is

in keeping with a prolbablo’ torsion angle

(C8-C7--01-H) of -60#{176}. Hetico’ the mini-
ntuiii o’ti(’rgy tolnsiomi tttiglo’ alolmig tho’ C7-C4

bomid is o’xpected to ho’ close to 60#{176},thus

bningimig the pheityl group pempo’midicular to

the mean plamio’ of the pipenidimie rimig.

i’sIost (If the neumoleptics po)sso’ss a t(’rtiary

amisimio group which can act as a hydrogen

bond acceptor, hut the highest potency amid

specificity amo’ obtaimied who’n the molecule

also) comitains a hydrogemi bond donor. The

parameters which characterize this spatial
relationship (Fig. 9) are the distance be-

tweemt the acceptor (A) amid the donor (B),

the amtgle betweemi the AB vector and the

B-H bomid (a), the amigle between the AB

vector amid the axis of the bomie pair of the
acceptor (fi), and the torsiomi angle along the

AB vector (�). Assumimtg that the basic

nitrogen always into’racts with the sante

domior, it is evident from the data in Table 5

that the moleculo’s coltisidered cannot form
hydrogen bonds with the same acceptor.

However, it is obvious that imt all the potent

hut ynophenones amid related compounds the

ittterrnolecular hydrogo’mi bonds which camt

ho’ formed by the molecule will be on oppo-

sito’ sido’s of the mo’an plano’ o�f the pipenidimie

ring. A characteristic fo’ature of spipemomte
amid no’lato’d compolumids is thto’ fact that they
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A ,ogle.s bet weeoo least -squam’e.s’ 0000(110 plalo e of piperidi 0000 rio, g (11,01 100C0 00 plaooe of coooju �ja teol #{231}Jm’o)oop

0,0(1 corre.s’pomo dii, g tor.sio,o a ogles

angle

between LS
mean planes

conjugated group

0 H
/

Torsion angle

spiperone 85#{176} C)tO) - C)5) - N) 1)- C(21) : 45#{176}

C(5-NI1-C(2t)-C(260 32#{176}

N�N H

benperidol 86#{176}

0
hatoperidol Cl 117#{176} C(8 - Ci 7� - C4 - C(5 : -87#{176}

Rt#{243}t#{243}-base F 117#{176} C(S)” - C(4)” - COt)” - C(6)” : -89#{176}

R1616 F 82#{176} C(S)” - C)4’ - C)1”- C(6)”: 56#{176}

penfluridol Cl

CF3

128#{176} C(9’ - C�8 - C(4 - C(5’ : -88#{176}
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‘ P. A. J. Janssen, Personal communication.

C(tl’-C(tO)-N(8)-C(70 -57#{176}

C(to - N(8) - C(7 - C�6 - 6#{176}

preferemttially folrm dimo’rs itt the sohid state

as a result (If htydrogemi bomiditig l)o’twe(’ti

amide groups. Dimitenizatiomt can also) be

expected too occur tol a certaimi extent in

bemipenidol, but is mtot observed in the

solid stato’.

Since it has beo’n shown that spipo’notie

amid pimozide are selectively bolcahized in

certaimi brain regions (19), it is possible that

relatively high local comscemttrations can be

reached amid that dimenization occurs in viva.

This should be taken imito account when do’-

terrninimtg the o’xact nature of the activo’

species.

The importance (If the pro’semice (If a

hydrogen holmtd domiolr itt an appnopniato’

oni(’Ittatiomi is sholwmt by tho’ olbservatio)mi’

that if the NH group of spipemomse is replaced

by a CH2 group the resulting molecule is

approximately 100 times less potemit than
spipemone. Iii this case dinienizatiolmi can mto
longer occur. A numbo’r of basic fragments

of potent neuroleptics are showti in Fig. 10

It is obvious that they all possess both a
hydrogen bond donor and ami acc(’ptor.
Hydrogen-bomtdimsg groups would also) o’x-

plain the great poteitcy of sonic secomsdary
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Fi;, 7. Re-stilts of coooformmuatioooal eooergy calcoolatiooo for beoopeniolol

The lowest tuinimuni correspolnds tol the coiuformation found in the crystal (EXP).

Fmo. 8. Rexo,lt.s of coooformmuatioooal eooergy calcoilatiooo for haloperiolol

itoltation oco’tmrs along the C� -- C4 houud, assmmniiiig that the torsion angle (C8-C7----01 -IT) is - 170#{176}.
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Spa/i al o’elatiomo.s/o ip bet ueen h yOlO’O(/(’ mo boo ol

(10)000)0’ amid acceptor 000 FOCOI noleptio’.s

(0onipotincl .1 B a 3

Berper idol

lio’serpizoe 3.8 113#{176}

Ilaloperidol 3.5

Benperidol 6.5 1600

Spiperotie 4.3 139#{176}
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� H
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0. 139�

iS 100’

S 80#{176}

FmG. 9. Dislaooces (D) bet oi’eeoo hydrogeoo boood

olomoor aood acceptor iou spiperoooe, beoopenidol (lowest

emoergy mnimoimurn), beoopenidol (secomod noiooimmotimmo),

amid haloperidol

amino’s derived fromit butyropho’mto Imies (Fig.

11). The amimto group would act as a hydro-

gets bomid donor while tho’ canhonvl grolup

could act as amt acceptor.
Although it canitolt ho’ decided on tho’ basis

of structural data abomie whethem the pheno-

thiazino’ denivativo’s amid the other no’uro)-

leptics act oni the samo’ neceptolm, analysis of

tho’ir three-dimensional st nuct ur(’s mevo’als

marko’d similarities which make this hy-

potheses more plausible. It seo’ms moire

likely from tho’ pneso’nt study that the side

chain olf the phenothiazine do’nivatives

corresponds tol tho’ side (‘htaimt o�f the butyro-

phemtomies.
Onco’ the basic r(’oluirememits (1) for neuro-

leptic activity o’xist imi a givems molo’cubo’,

n3aximal activity can ho’ attaimto’d 011th’ if a

mnuitbem oIf pIt o’mit ial phtanitsao’t Idvitalnic

gn 1111)5 ano ‘ l)no’semit in a svo’ll-do’fimto’d mo’Iat ive

olnientatiolti. Amsalysis of tlu’ structuro’s (If the

1150 ost mieuno)lept ically act ive hut yro q)hi(’mio ItiO’S

amid n(’lated coinpolumids (i.e. , thoso’ i�’ithi tio

umiro’lato’d , nomi-mu’uno obo’ptic pn� � ‘rt io‘s at lo w’

(10150’ lo’vo’ls) sholw’s thtat thno’o’ nsaiti f’o’at ares
aro’ utidoluhtedlv asso)(’iato’d �vith thio’in high

l)OIt(’mtcy.

1 . A to’rtiarv amino’ or anotho’r htydrogo’mt

bolmid acc(’ptolr (A ). In the crystal structuro’s

thus at(IIlt is always imtvolvo’d itt a ltydrogo’mi

hoitd, ex(’ej)t its tho’ (�mi�(’ of spipo’roono’ amid

spiribo’tio’, which foorns (hmo’rs. This is oIti(’ (If

tho’ basic fo’atuno’s (If all mieurolepties.

2. A plamian colmijugato’d group lyimig itt thto”

platte throlugh N amid (‘� (If the pipo’ni(limio’

nimtg amid penpendioular to) the nso’ami plamto’ of

this rimig. Tho’ itsoist potemit co)lsspoumids are

thoso’ iii which this spatial olriemitatiomi is

nio)st rigidly fixo’d (spipenomie and bemi-
pendol).

:3. A hydrogen 1)(IIi(l dolnolr (B) at a dis-

tamice betweo’n 3.5 amid 6.5 & o)n thte sido’ of

the miio’an plamie of tho’ pipenidimio’ ring o�ppoo-

sito’ to that of the bow’ pair of tho’ basic

mutrolgo’n. Tho’ host hydrolgemt bond domio Irs are

NH groups which ate pant olf an amido’

group.

These fo’atunes aro’ alsol poto’tttially pro’so’mit

iii a large numho’n (If no’unolepties foor which

the thtreo’-dimensiolmial structure is mio)t yet

knowms. Tho’ pho’nothiazitie do’nivativo’s cami
he comtsidered too po�ssess tho’ first two charac-

teristics, while tho’ potemtcv of somo’ phto’mio-

thiazimto’s and thioxamtthienes cati ho’ in-

creaso’d by approlpniato’ suhst it ut io In with

h\’droxyl groups (20), as showti its Fig. 12.

These coonsideratiolmts show tho’ iltipo ortatice

of groups which can forni imitermollocular

hontds amid lay a basis for partially pn’-
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F � 0�

FiG . 1 1 . Secoooolary a mu i ooe.s olerived fromoo b oi I �p’o-

pheiooooe.s’

In this case the aii-iino group can act as a hvdro-

gen bond donor while the carboonvl grotip o’ottlol

act as an acceptoir.

- - �N - C62- CC2 OH

- 0H2’3 - N�C’ H

\I \�, - CC2

0

C - CH� 2 - N�N - (H2- (H7 OH

Fn;. 12. 1�he,oothiazi,oo’ (000(1 thioxa,othe,oe (jo-

rivat ire’s subs/il a ted with h ydroge ,o ba-moo! olooo ors

Their potencies are 50, 100, and 17 times that of

chlorpromazi tie, respectively (20).

dictimig which mol(’dules will havo’ a htigho’r

probability of yielding poto’mst denivativo’s.

A good example is provided by R4173. It was

predicted that its activity would he vo’ny

low. This was verified, and tho’ crystal

structure was determined. It was observed

that the second feature (No. 2 above) was

absent, sinc(’ the phenyl group is po’n-

pendiculam to the position assumo’d to) ho’

mieco’ssary for high potemicy, and futtho’rmore

tho’ro’ is tio hydrogemt bond donor.
It woaild ho’ worthtwhilo’ toj make a more

detailed structural study of all categories of

mseurollo’ptics in order to) establish the relative

ifltl)o)t taiico’ of tho’se strti(’tural fo’atures amid

tOl (l(’t(’rlilitto’ how go’mio’ral tho’y are.

A(’K NOWLEI)GMENTS

I �oiii 1110(11 i11delIto�l t a I )r. P. .\ . J. ,Janiu.oo’n

7100(1 1)r. J. To11o’naere for st iniimlat hog diito’ussions

I 101501 1 hank Professor NI . \1110 NIeo’rsso’lie for his

i 10 t crest i to t his work.

ttEFE1OEN(E5

1 . Janssen, P. A . J. (1973) iii Iooto’o’natioooal .1�oo-

cyclopeolia oof Pharmmoaeo/ogy a ood I’herape a I irs

(Cavallito, C. J., ed.) \‘ol. 1, Sect. 5, pp.

37-72, Perganiolll Press, New \ork.

2. Pullnian , 13 . & Ptollnuoti , A. . (1963) ()toaootumn

Biochemmoi.slr!,, Aoaoletiiio’ Press, New York.

3. IKarle, I. 1.,. & Karle, J. (1968) ic/a. (‘r!J.’otal-

logr., Sect. B, 24, 81-91.

4. Koch, NI. H. J. & (‘�erinain, (. (1972) ic/a

Crystallogr. , Sect. B, 28, 121-125.
5. Heed, I.�. 1.�. & Schaefer, J. IL (1973) ic/a

Crys/alloqr. , Sect. B, 29, 1886-1890.
6. Koch, NI. H. J. (1973) .le/a (‘rystallogr. Sect. B,

29, 379-382.

7. 1 )eclercq, J. P., (erniain, ( 1. & Ko(’h, �\I. 11. J.
(1973) -lcla (‘ry.s/allogr., Sect. B, 29, 2311-

2313.

8. Koch, M. H. J. & Evrard, (. (1974) ic/a

Crystallogr., Sect. B, 30, 237-239.
9. Koch, M. H. J. & l’vrard, C�. (1974) ic/a

Cryslallogr., Sect. B, 29, 2971-2973.
10. Koch, M. H. J. (1973) ArIa Cry.s/alloogr., Sect.

B, 29, 1538-1541.

11. Marsau, P. & (authier, J. (1973) ic/a Crystal-

logr., Sect. B, 29, 992-998.

12. Mcl)owell, J. J. H. (1969) Acta (‘t’�j.s/alloqr.,

Sect. B, 2.5, 2175-2181.
13. McI)owell, J. .J. H. (1970) .-tcta (‘ry.slallogr.,

Sect. B, 26, 954-964.

14. Heed, L. L. & Schaefer, J. II. (1974) .-le/a

Cryslallogr., Sect. B, in press.
15. Fritchie, C. J. (1967) .1 mmt. Cry.stalloqr. .l�s.suc.

.-lbstr., i. 50.
16. Fritchie, C. J. & Trus, B. L. (1968) (‘hemmo.

Commommtuoo. , 833.
17. Coulleils, J. L. & Pullman, B. (1972) Theor.

Chimmo. Ac/a, 24, 35-41.
18. Kaufman, J. J. (1972) Qtoaootummo (‘/oo’mmoical aoool

Theoretical Tech maque.s for the � ooolers/aoodimog

of .-lctio,o of Psycho-active Drugs’ (‘ollegiuni

I ut ernat ioln ale Neuroo-Psvchopharniacollog-
ictmm Meeting, (‘openhagen.

19. And#{233}n,N. E., Btmtcher, S. G., (orroohi, H.,
Fiuxe, K. & Ungerstedi, U. (1970) Ear. J.

Pharmmoacol., ii, 303-314.
20. Jauussen, P. A. J. (1966) 1’armmo. Ret’t,, 65, 272-

295.




