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The Crystal and Molecular Structure of Haloperidol, a Pctent Psychotropic Drug

By LARRY L. REED AND JOHN P.SCHAEFER

Department of Chemistry, University of Arizona, Tucson, Arizona 85721, U.S.A.

(Received 13 September 1972 accepted 26 April 1973)

The crystal and molecular structure of haloperidol has been determined uvsing single-crystal X-ray dif-
fraction techniques. The molecule crystallizes in the space group P2,/c in a cell of dimensions a=
7-816 (5), b=18-995 (6), c=28-344 (20) A, f=106-34 (4)° with Z=4. The structure was solved by direct
methods and refined by full-matrix least-squares calculations to a final residual of 0-077.

Haloperidol[4-(4-hydroxy-4-p-chlorophenylpiperidino)
4’-fluorobutyrophenone, la] is an extremely potent
member of the butyrophenone based psychotropic
drugs. The recent structure determinations of two very
similar compounds, 16 and I6. HCI (Koch & Germain,
1972), prompt us to report our findings for haloperidol.
This structure was determined in connection with our
general interest in psychotropic drugs including mole-
cules of the thioxanthene structural type (Schaefer,
1967).

OH
F COCH,CH,CH,-N
Y
(Ia), Y=CI
(b), Y=F
Experimental

A sample of haloperidol (HALDOL®, McNeil Labo-
ratories) was recrystallized from ethanol-ethyl acetate.

Preliminary photographic studies showed the crys-
tals to be monoclinic (2/m). The space group P2,/c

was determined from the observed extinctions. Unit.
cell parameters, a="7-816 (5), b=8995 (6), c=28-344
(20) A, f=10634 (4)° were obtained by least-squares,
refinement of the angular parameters of several reflec-
tions accurately aligned on a Picker FACS-I four-circle
diffractometer.

The calculated crystal density 1-:24 g cm ™3 based on
four molecules per unit cell is in good agreement with
the observed density of 1:23 g cm™3 determined by
flotation.

Intensity data were collected on a Picker FACS-I
diffractometer using monochromatic Cu Ko radiation
(A=1-5418 A, graphite single-crystal monochromator)
and a crystal of approximate dimensions 0-5x0-2x 0-1
mm. The 8-26 scanning technique involved a scan rate
of 2:0° min~!, covering a minimum interval width of
2-0° in 20 (automatically adjusted to correct for dis-
persion). Stationary-crystal stationary-counter back-
ground measurements of 10 s duration were made
at each end of the scan interval. To minimize counter
coincidence losses, aluminum foil attenuators were
automatically inserted in the diffracted beam when-
ever the counting rate exceeded ~10* counts s™%.
Monitoring of equipment stability and crystal move-
ment or decomposition was provided by the periodic
collection of two standard reflections. Subsequent anal-
ysis of these standards revealed only minor fluctua-
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tions (< +3%) in intensity as a function of time. 2851
unique data (260<125°) were collected. These data
were reduced to values of F2 and o(F?2) without cor-
recting for absorption.

Solution and refinement

This structure was solved by using MULTAN (Ger-
main, Main & Woolfson, 1970) and the tangent for-
mula (Karle & Hauptman, 1956), where the phase
angles p(hkl) are restricted to 0 or 7 as required by this
centrosymmetric structure. Table 1 defines the initial
information used to generate 288 phased normalized
structure factors (E£’s).

Table 1. Starting phase information for tangent formula

h k 4 E o(hkl)

1 | -5 5-26 0
Origin 5 4 1 375 0

3 4 10 3-54 0
>4 0 2 0 4-31 0

2 0 10 319 2(0)
Variable phases* 1 5 0 2-84 ¢(0)

3 5 16 2-81 r(0)

* The variable phases p, g and r were assigned values of 0 or
7 in all 8 possible combinations. Values in parentheses are the
phase values associated with the combination having the
largest figure of merit and which yielded an E map showing the
entire structure.

A subsequent E map revealed all 26 non-hydrogen
atoms. Full-matrix least-squares refinement based on
|F,| first with individual atom isotropic thermal param-
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eters followed by anisotropic thermal parameters re-
sulted in R,=0-091 and R,=0-082, where

Ry=J|IF,|—|FI|/Z|F,)
and
Ry=[>w(F,— F. )}/ SwF2]'2,

The quantity minimized is defined as >w(|F,|—|F,|)?
where [wocl/o(F,), and the summation extends over
1747 data having F2 > 20(F?Z). Values of o(F2) were ob-
tained from counting statistics. After inclusion of 23
hydrogen atoms (calculated coordinates), two addi-
tional refinement cycles resulted in convergence with
R,=0-077 and R,=0-078. The hydrogen atoms were
assigned isotropic thermal parameters of 4 A% and were
included as a fixed contribution to F, in all subsequent
refinement cycles. A final difference electron density
synthesis did not reveal the missing hydroxyl hydrogen
atom. The range of residual electron density was ap-
proximately +0-3 e A3,

A final structure-factor calculation over 2851 data
[which includes 1104 data with F2<2a(F?)] resulted
in R,=0-127 and R,=0-081.

The atomic scattering factors used were those tab-
ulated by Hanson, Herman, Lea & Skillman (1964).

Discussion

Fig. 1 shows a perspective view of the molecule includ-
ing the numbering scheme and final bond distances.
Atomic coordinates and anisotropic thermal param-
eters are presented in Table 2. Table 3 lists the ob-
served and calculated structure factors. Table 4 gives

Table 2. Final atomic coordinates and thermal parameters ( x 10*)

Estimated standard deviations are in parentheses.

X y z B2z Bss b2 Bz B3
Cl 0-7799 (3) 0-4799 (2) 0-4625 (1) 293 (5) 191 (4) 30 (0) 20 (3) =22 (1) —-1(1)
F —1-3913 (5) 0-5558 (5) —0-0277 (1) 262 (9) 378 (11) 22 (1) —28(8) -2(Q2) 28 (2)
o(l) 0-:0229 (4) 0-7050 (4) 0:3079 (1) 196 (8) 36 (5) 22 (1) 24 (5) 21 (2) —4(2)
0(2) —0-7452 (5) 0-6054 (5) 0:1607 (1) 217 (10) 132 (7) 21 (1) 14 (7) 18 (2) —-8(2)
N —0-2119 (6) 0-4373 (4) 0-2233 (2) 155 (10) 60 (6) 17 (1) ~12 (6) 17 (2) 5(2)
C(1) 0-5761 (8) 0-4926 (7) 0-4181 (2, 216 (16) 100 (11) 20 (1) 9 (11) 4 (4) 33)
C(2) 0-5417 (8) 0-4090 (7) 0:3766 (2) 212 (17) 84 (12) 22 (1) 41 (12) 17 (4) 203)
C@3) 0-3845 (7) 0-4272 (6) 0-3401 (2) 181 (15) 77 (9) 18 (1) 10 (9) 8 (4) —-11(3)
C4) 0:2562 (7) 0-5291 (6) 0-3445 (2) 174 (14) 72 (10) 14 (1) 7 (9) 20 (3) -33)
C(5) 0-2932 (8) 0-6097 (7) 0-3878 (2) 239 (17) 149 (12) 17 (1) 41 (12) 18 (4) —11 (3)
C(6) 0-4510 (9) 0-5933 (8) 0-4245 (2) 287 (18) 163 (13) 17 (1) 16 (13) 0 (4) —16 (3)
C() 0-0938 (7) 0-5533 (6) 0-3042 (2) 146 (12) 46 (8) 18 (1) 3(8) 19 (3) 1(2)
C(8) —0-0635 (7) 0-4518 (6) 0-3128 (2) 173 (12) 62 (8) 16 (1) 4 (8) 22 (3) 2(2)
C(9) —0-2363 (7) 0-4622 (6) 0-2721 (2) 177 (13) 61 (8) 17 (1) -70) 23 (3) 6 (2)
C(10) —0-0804 (7) 0-5427 (5) 0-2144 (2) 151 (12) 50 (8) 17 (1) —18 (8) 21 (3) 4 (2)
C(11) 0-0985 (7) 0-5282 (6) 02528 (2) 145 (12) 66 (8) 16 (1) —6(8) 22 (3) -3()
C(12) —0-3791 (7) 0-4548 (6) 0-1838 (2) 157 (12) 70 (8) 17 (1) -2 (8) 10 (3) 9(2)
C(13) —0-5299 (7) 0-3541 (6) 0-1894 (2) 154 (12) 74 (8) 21 (1) 1(9) 20 (3) 13 (3)
C(14) —0-6897 (7) 0-3536 (6) 0-1436 (2) 162 (13) 71 (9) 21 Q1) -109) 17 (3) 4 (3)
C(15) —0-7941 (8) 0-4972 (7) 0:1337 (2) 172 (14) 107 (10) 15 (1) —4(10) 26 (3) 1)
C(16) —0-9541 (7) 0-5065 (7) 00914 (2) 186 (13) 99 (10) 13 Q1) —-15(10) 17 (3) 6 (3)
C(17) —1-0181 (8) 0-3894 (7) 0-:0603 (2) 194 (14) 116 (11) 18 (1) -19 (10) 14 (3) 7(@3)
C(18) —1:1671 (9) 0-4041 (8) 0-0205 (2) 237 (16) 158 (13) 18 (1) —-73(12) 14 (4) -4 (3)
C(19) —1-2505 (9) 0-5404 (10) 0-0128 (2) 196 (15) 242 (16) 15 (1) —-32(13) 5@3) 19 (4)
C(20) —1-1928 (10) 0-6572 (9) 0-0430 (3) 247 (18) 205 (15) 22 (1) 75 (14) 12 (4) 16 (4)
C(21) —1-0451 (9) 0-6407 (7) 0-0818 (2) 232 (16) 144 (11) 17 (1) 30 (11) 10 (4) 5@3)
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bond angles while Table 5 displays a comparison of As expected, the structures Ia and Ib are very similar.
the important torsional angles in Ia and Ib. Fig. 2 The molecular conformations, as revealed by the se-
shows a stereoscopic view of a portion of the crystal lected torsional angles in Table 5, are identical within
structure of haloperidol. experimental error.

Table 3. Observed (x 10) and calculated ( x 10) structure factors for haloperidol
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Table 4. Bond angles for haloperidol

Estimated standard deviations are in parentheses

Cl-—-C(1)—-C(2) 120-7 (5)° C(13)-C(12)-N 113-8 (5)°
Cl—C(1)—C(6) 1191 (5) C(12)-C(13)-C(14) 112-5 (5)
C(2)—C(1)—C(6) 120-1 (6) C(13)-C(14)-C(15) 1152 (5)
C(1)—C(2)—C@3) 120:2(6) C(14)-C(15)-C(16) 119-4 (6)
C(—C@B)—C(4) 1217 (6) C(14)-C(15)-0(2) 120-2 (6)
C(3)—C@4)—C(5) 116:6 (5) C(15)-C(16)-C(17) 1235 (6)
C(3)—CM4)—C(7) 122:5(5) C(15)-C(16)-C(21) 1187 (6)
C(5)—C(H—C(7) 120:8 (5) C(17)-C(16)-C(21) 117-9 (6)
C(4H—C(5)—C(6) 122-1(6) C(16)-C(17)-C(18) 121-4 (6)
C(1)—C(6)—C(5) 1191 (6) C(16)-C(17)-0(2) 120-4 (6)
C(4)—C(1)—0(1) 108-6 (4) C(17)-C(18)-C(19) 1180 (6)
C(4)—C(1)—C(8) 1100 (5) C(18)-C(19)-C(20) 1222 (6)
C(4)—C(1)—C(11) 1144 (5) F-—C(19)-C(18) 117:5(7)
C®)—C(NH—0(1) 1056 (4) F——C(19)-C(20) 120-3 (8)
C(8)—C(1)—C(11) 1090 (4) C(19)-C(20)-C(21) 1189 (7)
C(11)-C(1—0(1) 108-8 (4) C(16)-C(21)-C(20) 1216 (7)
C(1)—C(8)—C(9) 113-0(4) C(9)—N——-C(10) 110-3 (4)
C(8)—C(9)—N 112:6 (4) C(9)—N——=C(12) 112:2 (4)
C(11)-C(10)-N 111-6 (4) C(10)-N——C(12) 108:3 (4)
C(NH—CU1)-C(10) 112:0 (5)

Table 5. Comparison of selected torsion angles

Torsion angle is in degrees. In the sequence of atoms A-B-C-D,
the clockwise rotation of C-D with respect to A-B when
viewed along the B-C bond defines the positive torsion angle
7(ABCD).

Cy;:H,;0,NF,* C; H;0,NCIF

C(12)-C(13)-C(14)-C(15) —68:2 —-71-2
C(13)-C(14)-C(15)-C(16) —-177-5 —-176-7
N——C(12)-C(13)-C(14) —166-2 —168-7
C(5)—C(4)—C(1)—C(8) -394 —-871
C(5)—C(4)—C(1)—C(11) 151-8 148-9
C(3)—C4)—C(NH—C(11) —284 -31-4
C(3)—C(4)—C()—C(8) 90-9 920
C(5)—C(4)—C(71)—O0(1) 279 27-9
C(3)—C(4)—C(M—O(1) —151-8 —152-4

* Recalculated from the data supplied by Koch (Koch &
Germain, 1972).

These compounds, however, have measurable differ-
ences in pharmacological potency (increasing in the
order Y =H < F < Cl < CHj3). Thus it would appear pos-
sible that any enhancement of activity in this series
may be related to the steric and/or electronic nature
of the Y group since it is demonstrated that the overall
conformation of Ia and Ib in the solid state (as the free
base) are the same.
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The observed hydrogen bonding [O(1)- - - N, 2:84 A]
is identical to that determined for Ia.

The two benzene rings are planar within experimen-
tal error and the observed distances and angles for the
molecule are in good agreement with generally ac-
cepted values. No unusual intermolecular contacts
were observed. The conformation of the piperidine
ring is the expected chair form with the chlorophenyl
group in the equatorial position and the hydroxyl
group axially oriented.

The intermolecular hydrogen bonding between O(1)
and N is shown in Fig. 2 (reference Fig. 1 for the num-
bering scheme). As expected, this hydrogen bonding
pattern involves the piperidene ring nitrogen from the
exposed face (i.e. in the orientation involving minimum
axial hydrogen interactions).

A relationship between molecular conformation and
biological activity of various pharmacologically active
amines has been demonstrated (Camerman & Camer-
man, 1972; Chothia & Pauling, 1969). The emphasis
of these studies has been directed toward determining
what spatial similarities exist among various drug mol-
ecules that are generally quite unsimilar chemically but
elicit a similar biological response such as (1) anti-
convulsant activity, (2) acetylcholinesterase inhibition,
and (3) psychotropic activity. While it appears that
specific spatial arrangement of a small number of im-
portant atoms is responsible for specific activity in the
first two classes above, such a relation has not been ex-
perimentally demonstrated for the third class. What
has been shown for the haloperidol-like psychotropic

Fig. 2. A stereoscopic view of the crystal structure of halo-
peridol. For clarity, only a portion of the unit-cell contents
is depicted. revealing the hydrogen bonding scheme.
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Fig. 1. A perspective view of the haloperidol molecule. Estimatfii standard deviations of the bond lengths are approximately
0-01 A.
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drugs is that the crystal forms for the free base and
hydrochloride exist in distinctly different conforma-
tions (Koch & Germain, 1972). Considerations of this
factor will be important in arriving at sound conclu-
sions concerning the probable in vivo conformation of
these molecules.

While the exact mode of action of these compounds
is unknown, the study of molecules of equal or greater
activity but possessing pronounced structural differ-
ences will help in establishing the essential conforma-
tional features required to produce biological activity.

We thank Drs C. Cain and J. Kleis of the McNeil
Laboratories for supplying the material used in this
investigation and the University of Arizona Comput-
ing Center for generous support.

Computer programs used in the solution, refinement,
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and analysis of this structure include: Raymond’s
UCFACS, Dewar’s FAME, Germain’s MULTAN,
Zalkin’s FORDAP, Busing & Levy’s ORFLS and
ORFFE, and Johnson’s ORTEP.
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Nouvel Affinement de la Structure Cristalline
du Bis(pyridine-2 Carboxylato) Cuivre (II), Hydraté

PArR RENE FAURE, HENRI LOISELEUR ET GERMAINE THOMAS-DAVID

Laboratoire de Chimie Analytique 11, Université Claude Bernard, Lyon 1,
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Crystals of hydrated bis(pyridine-2-carboxylato)copper(Il), also known as copper picolinate are
triclinic, space group P1: a=5-122, b=7-717, ¢=9-216 A; a=101-07, f=95-60, y=101-45° The struc-
ture was determined by means of a Patterson function calculated with intensities collected on an
automatic four-circle diffractometer using Mo Ka radiation. The final R is 0-032 for the 2827 observed
reflexions. The molecule is symmetrical around the copper atom, which is octahedrally coordinated by
two nitrogen atoms, two carboxylic oxygen atoms and two other carboxylic oxygen atoms belonging to
two molecules situated at +a along [100]. The water molecules are in interstitial positions, making
hydrogen bonds of two types: aqueous oxygen- - -carboxylic oxygen and aqueous oxygen- - -aqueous
oxygen (with an equal distribution). These results and those of Takenaka, Utsumi, Yamamoto, Furu-
saki & Nitta [Nippon Kagaku Zasshi (1970), 91(10), 928-935] are compared.

Introduction

La structure du picolate de cuivre a déja été déterminée
par Takenaka, Utsumi, Yamamoto, Furusaki & Nitta
(1970) & partir d’intensités photographiques (4 Cu K&)
estimées visuellement. Nous avions, dans le méme
temps, entrepris la résolution des structures du pyri-
dyl-2 acétate de cuivre dihydraté (Faure & Loiseleur,
1972) et du picolate de cuivre. Une particularité inté-
ressante pour ce picolate pouvait étre d’élucider le
taux d’hydratation trouvé variable selon les auteurs,
les exemples les plus récents étant les suivants: anhydre
(Kleinstein & Webb, 1971), monohydrate (D’Ascenzo
& Wendlandt, 1970), dihydrate (Gillard, Laurie &
Stephens, 1968). Pour notre part, selon le mode de pré-

paration décrit précédemment (Thomas, 1960), nous
avons obtenu, par analyse thermogravimétrique, un
taux d’hydratation pouvant varier selon les conditions
atmosphériques (humidité, température) entre zéro et
deux molécules d’eau (Faure, 1973). Nos résultats se-

ront comparés & ceux obtenus par Takenaka er al
(1970).

Données expérimentales

Groupe PT
a= 5,122 b= 7,717 c= 9,216A
a=101,07 B=95,60 y=110,45°
V'=329,6 A3 M =343,54
D,=1,72 D.=1,73gem™3 Z=1
F(000)=175 p=175cm~' (1 Mo K&)



