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SUMMARY

The crystal arid molecular structure of procychidine (a-cyclohexyh-a-phenyl- 1 -pyr-

rolidinepropanol) imas been determined in order to investigate structural bases for its bio-
logical activity as arm aniticonvulsanit drug. Crystals of procychidinne imydrochloride are

monoclin.ic, space group P21/c, uvith cell dimensions a = 5.891 ± 0.006, b = 28.603 ±
0.018, c = 11.314 ± 0.004 A, $ = 106.0 degrees ± 15’, Z = 4 molecules/cell. Time structure

was determined by time symbolic addition procedure, utihizinmg data collected on an auto-
mated diffractometer (CuKa radiation). Refinmemenit was accomplished by an arnisotropic
full-matrix least-squares procedure, resulting inn a final R value of 0.081.

Stereochemical features whicim the molecule has mm common uvitim otimer anticoimvulsants,
diphenyihydanitoin and diazepam, and uvhicim

are analyzed and discussed.
may account for its aniticonvulsant activity

I

INTRO!)UCTION

Procyclidine (a - cycloimexyl - a -plmenmyl - 1 -

pyrrolidinepropanmol) (Fig. 4) is ann amnti-

parkinsonism agent. uvhicim Imas recently been
simouvn to have clinical value as arm anti-
convulsant drug.

In laboratory trials procychidine pro-

tected mice from maximal electroshock sei-
zures, and inn prelinminary clinical tests with
infanits and childremn uvitin generalized myo-
clonic spasms time drug demonstrated a

degree of anticonvuhsant activity against a

seizure pattern usually refractory to con-
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ventionial medicatioins (1). Thus therapeutic

efficacy, coupled witim freedom from severe
chronic toxicity, inmdicates that. procyclidine

may be a potentially valuable anticonvul-
sannt agent for time treatment of epilepsy.

Widespread research on anmticonvuhsant

drugs imas led to nmuummerous theories uvimich
ascribe their central nmervous system activ-
ity to a variety of simple physicocimemical
properties (2), but none of these imas satis-

factorily accounmted for the observed facts.

We have determined time crystal and molec-

ular structure of procychidine imydrochhoride
a.s part of a program of mnvest.mgation of the
structures of aniticonivulsant drugs inn time

hopes of discovering structural principles
uvhicim uvill establish the relatiornshmips be-

t.uveen time stereocimemical features of these

drugs amid tireir anmticonnvulsant activities

(3, 4).
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Formula

Molecular weight

Crystal systenm

a (A)

b
C

/3 (deg.)
Volume of ummit cell (A3)
No. of molecules in cell

Calculated demisity (g/cm3)

F(000)

Absorptioim coefficient,

Jh(CuKa) (cm’)

Space group

0.006

0.018
0.004
0.25
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METHODS

Data collection. Crystals of procyclidine

lmydrochloride were obtained by slow evap-

oration of an ethanol-etimyl acetate solution,
and are transparent needles elongated along

a. The crystal data are given in Table 1.
Time inmtenmsities uvere collected on an au-

tomated four-circle diffractometer (nickel-
filtered copper radiation), and all independ-

ent reflections witim 20 (CuKa) � 133
degrees (corresponding to a minimum inter-
planmar spaciimg of 0.84 A) were measured.
The moving-crystal moving-counter tech-

nique uvas employed (20 scan), with station-
ary counts for background radiation on each
side of the reflectionn. Time crystal used uvas
a needle mounted witim the a* axis parallel

to the � axis of the goniostat, and had a
lenmgtim of 0.8 mm parallel to a and a uniform

cross-section of 0.06 mm perpendicular to
a; absorption is fairly low and no corrections
were applied. A total of 2524 reflections (of
3114 in the range collected) had intensities
greater than the standard deviation of their

measurements and uvere classified as being ob-

served. Corrections were made for Lorentz
and polarization factors, and structure am-
plitudes I F I arid normalized structure am-
plitudes E I uvere derived.

Structure determination. The phases of the

structure amplitudes uvere determined by
the symbolic addition procedure (5). Of 198
planes uvitim E > 1.9, 181 had the index

= even, anmd only 17 w-ere of the form 1 =

odd; this immediately indicated that the

TABLE 1

Crystal data

C ,9NOH,9HC1
323.93
Monocli iii c

5.891 ±

28.603 ±

11.314 ±
106.0 ±

1832.6

4

1.174

704

18.1
P2m/c

TABLE 2

Assigned phases and symbols

h E(Iz) �‘(h)

1 1 2 3.34 0
0 9 4 3.27 0
4 1 2 2.98 a
4 12 6 3.47 b
1 23 2 2.72 c

5 1 0 2.75 d
3 4 10 3.03 e

chloride ion nmust be situated at y = �, as

with that coordinate it contributes to the

scattering from 1 = evenu planes only. This
also indicated that since time 1 = odd reflec-
tions contributed to very feuv combinations

in the �2 relation arid could not be used in
the phase determinations, any electron den-
sit.y distribution calculated with the derived

phases would niecessarily conntain a false
mirror plane at y = ih�. In addition, the
absence of 1 = odd reflections cuts the num-

ber of phases specifiable for origin deter-
miniation to tuvo instead of the usual three.
Accordingly, phases for two origin-specifying
planes were arbitrarily set. as 0 degrees, and

five more reflect.ionms were assigned symbolic
values for their phases (Table 2). Several

cycles of the �2 formula, s(Eh)’-�

S �k E�Ehk (wimere S means “sign of”),

led ultimately to signs or symbolic pimases
(with probabilities of being correct � 0.98)
for 345 reflections (all 1 = even) with

I E I � 1.5, uvith omne of time symbols, a,
being undetermined. Two F maps were
therefore calculated ; these had identical

values of electron density, and differed from
each other only by a translation in tire
crystal cell of (a/2 + c/4). Tue chloride ion
uvas easily identifiable as the largest peak on
each map (at y = as expected), the

phenyl ring uvas fairly uvell resolved, and
although the rest of the molecule uvas unm-
clear because of the false symmetry, it was
possible, with time aid of models arid imagi-
nation, to assign coordinates to time atoms
of the cyclohexane ring, the cenmtral carbon

atom (C,), and the other 2 atoms attached

to it. A Fourier summation, carried out

usinmg all the reflections with phases based
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I

Cl 0.3759 0.2500 0.1633 1682 168 713 52 38 56

C(1) 0.2016 0.1325 0.4702 1808 96 836 -38 319 -12

C(2) 0.1701 0.1100 0.3442 2406 89 765 50 222 -9
C(3) -0.0221 0.0804 0.2955 3086 139 1054 -123 313 -63

C(4) -0.0523 0.0599 0.1814 4220 146 1007 -93 50 -64

C(S) 0.1076 0.0665 0.1149 5100 140 782 128 197 -15

C(6) 0.2977 0.0963 0.1614 3989 209 825 183 567 18
C(7) 0.3277 0.1176 0.2758 2627 168 815 3 369 -6

0 0.4069 0.1619 0.4932 1860 122 993 -132 377 -34

C(8) 0.2386 0.0938 0.5712 2878 97 787 78 238 17
C(9) 0.2463 0.1128 0.6983 5968 144 822 297 688 51

C(10) 0.2861 0.0743 0.7969 7188 180 1032 305 999 93

C(11) 0.5104 0.0460 0.8012 6059 145 993 150 -24 29

C(12) 0.4984 0.0266 0.6743 6519 139 1217 391 134 50

C(13) 0.4618 0.0653 0.5780 4059 167 996 365 546 38
C(14) -0.0115 0.1638 0.4685 1906 113 910 (16 493 15

C (15) -0. 0501 0 . 2024 0 . 3718 2506 118 805 65 237 25

N -0.0380 0.2493 0.4291 609 73 434 -7 133 16
C(16) -0.2415 0.2607 0.4805 2476 134 842 36 775 29

C(17) -0.2428 0.3136 0.4848 6318 147 1582 237 1724 3

C(18) -0.0876 0.3307 0.4087 5798 133 1534 -1 1316 -3

C(19) -0.0268 0.2889 0.3453 2810 133 880 15 525 38

11(3) -0.144 0.077 0.345

11(4) -0.200 0.034 0.139

11(5) 0.086 0.048 0.036
11(6) 0.415 0.101 0.115

11(7) 0.457 0.144 0.309
H(O) 0.394 0.187 0.544

11(8) 0.093 0.065 0.553

11(9) 0.404 0.141 0.730
11(9) 0.106 0.134 0.705

11(10) 0.284 0.085 0.879

11(10) 0.153 0.043 0.762

11(11) 0.650 0.070 0.821

H(11) 0.549 0.018 0.867

H(12) 0.362 0.001 0.648

11(12) 0.654 0.008 0.671

H(13) 0.452 0.052 0.485

11(13) 0.581 0.003 0.596

11(14) 0.027 0.177 0.559

11(14) -0.145 0.141 0.454

H(15) -0.195 0.199 0.304

11(15) 0.094 0.204 0.324
11(N) 0.092 0.256 0.507

11(16) -0.216 0.245 0.560

11(16) -0.391 0.245 0.431

11(17) 0.595 0.325 0.451

11(17) -0.187 0.323 0.575

11(18) 0.111 0.339 0.479

11(18) -0.137 0.357 0.358
11(19) 0.144 0.289 0.322

11(19) -0.150 0.285 0.262

Standard deviations

Cl 0.0002 0.0000 0.0001 32 2 9 7 12 4

0 0.0004 0.0001 0.0003 97 5 31 16 41 10

N 0.0006 0.0001 0.0003 122 5 35 26 51 14
C 0.0010 0.0002 0.0005 300 10 70 45 115 20
11” 0.009 0.002 0.004

a Maxinmunm values.
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TABLE 3

Final positional parameters (fractional) and anisotropic thermal parameters (X 10�)

Atom x y z ;3ii $22 /3�� $12 /313 /323
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FIG. 1. Perspective drawing of a molecule of procyclidine hydrochloride, viewed along [1001

onm these 16 atoms, clearly revealed time
positions of time renmaininmg 6 atoms.

Rejinennent of structure. The atomic co-
ordinates anmd thermal parameters uvere re-

fined by a full-matrix lea.st-squares nuetimod,

usinmg a modified versionm of time ORLFS
program (6). Time funmction minimized uvas

� w(F0 - Fr)2, uvimere w is inversely pro-
portional to time estimated standard devia-

tionm of time observed inmtenmsity, and the
atonmic scattering factors uvere taken from

“Inmternnational Tables for X-ray Crystal-
lograpimy” (7). Tuvo cycles of refinmemenit
with isotropic thermal parameters louvered

R to 16.0 #{182}�,arid tuu-o anmisotropic cycles

resulted in R = 10.9 �. Time 31 irydrogeni

atonus uvere located from a successionm of
three timree-dimensionnal difference Fourier
synmtimeses, ammd were included imm furtirer
refinmenient witim time imydrogenn atom posi-

tionms allouved to vary but their thermal
paranmeters irehd fixed at time values of time

atoms to uvhicim timev were bonded; time final

R value uvas 0.081 for time observed reflec-
tionms. Time final atomic fractionmah coor-

dinmates arid tlmernmal paranmeters are given

in Table 3, inn which tire anisotropic timermal

0

b
4

paranmeters, � are tire coefficients mm tire
expression

exp [ - (th1/’2 + �322h + f3��l� + 2�323kl +
2$,3h1 + 2$,2hk)1

Tables of time final observed anmd calculated

structure factors are available from the

autimors on request.

RESULTS AND DnsCUssnoN

Figure 1 simows time conmformation of time
molecule. Time phenyl rinmg is planar (maxi-

mum deviation of rinmg atoms from plane =

0.01 A), amid time cyclohexyh ring is imm time
cimair conformation. If one calculates the

“best” least-squares Phanie through the 6

ring atoms of time cycloimexyl group (i.e.,

eacim atom of time ring deviates from this
plane by ± 0.23 A alternately as we go

around tire ring), time angle betuveemn nor-
mals to timis planme and to that of the pimenyl
group is 93 degrees. Timis value is similar to

time angle of 90 degrees bet uveenn time planes

of time tuvo phenmyl groups of time anticon-
vuhsant diphenylhmydantoinr (3).

Time imeterocyclic ring is puckered, but
least-squares plane calculations througir all



Cl

FIG. 2. Bond distances (angstronms) and valency angles (degrees) in procyclidine hydrochloride

Standard deviations are 0.006 A amid 0.4 degree for bomids involving “heavy atoms,” and 0.08 A and

3-5 degrees for homids involving hydrogens.
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possible combinmations of 4 atoms of time ring

indicated timat tire 4 carbon atoms are reha-

tively coplanmar (mimaximum deviation =

0.05 A), uvitim tire nritrogeni lying 0.51 A

from tins plane. Time obtuse anmgles between

normals to timis planne amid those of tire

phenmyl rimng and “best” cycloimexyl plane

are 132 and 130 degrees, respectively; for

comparisonm, the anngles between time Imydamm-

toinn rimmg amid tire two pimenmyh phammes in di-

phemrylhydanmtoinm are 114 and 113 degrees.
The bond lenngths arid angles in procycli-

dine hydrocimloride are shouvnn inn Fig. 2; time

values are all near nmormal. Time bond angles
within tire imeterocyclic rimng are shortened
from tet.rairedral values, probably because

of steric requirements for rinig formatiomn.

The exocychic anmgles at. time nitrogen atom
are conmsequenntly increased, but t.he conm-
figuration at time nmitrogenn atom remains

essentially tetrairedral. Time carbon-carbomm

distances inn time imeterocychic ring are some-
wimat simorter timan expected for sp3-sp3 bonmds;
t.he lack of structural results for otimer com-
pounmds conmtaininmg saturated 5-membered
nitrogen hmeterocycles makes strict compari-
somns inimpossible at this time. Time chloride

ion is so situated tirat it forms lrydrogenr

boirds uvitim time Imydrogein onn time charged
nitrogen and withm time hmydroxyl imydrogen

(N� . . . Ch distance = 3.067 A, 0 . . . C1
distamice = 3.206 A). Time intermolecular
separationns correspond o normal vani der

Waals interactionms.

Scale models commstructed to fit tire ob-
served atomic positions (Fig. 3) shmouv a irigh

degree of similarity inn time connformat ionnal
structures of procychidinme, diphmenylhydan-

toinn, anmd diazepam. Similarities in the stereo-
cimemical features of tire thmree anuticonivul-
sammts are especially striking in the following
aspects. (a) Time arranmgement of tuvo bulky

hmydrophrobic groups uvithm respect to each

otimer (pimenyl-phenmyl, phemmyl-chloropimennyl,

arid pimennyl-cycloimexyl inn dipinenylhydan-

t.oimn, diazepam, annd procychidine, respe-

tivehy); models reveal timat timese groups
imave very similar space-filling characteris-
tics annd occupy similar areas of space inn
each compound. (14 Whmenn time models are

superimposed so thmat timese bulky groups
approximate time same positions, all three
molecules imave ann electronm-donmating group

located in similar positiomns, between the tuvo

bulky groups: a ketonic oxygen in dipimenyl-

imydanntoinm, a trigonal nnitrogenn inn diazeparn,

I

I

I
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FIG. 3. Photograph of space-filling models of (liphenylhydantoin (left), (liazepa (lower), and procyclidine

Phemmyl-cvclohexvl

Nit rogemi -cyclolmexyl

Oxygemi-phemivl

Nitrogen -phemiyl

(ixygemi-cyclohexyl

()xygemi -miitroge mm

5.01

6.07

3.63

�.36

3.47
3.55
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anmd t li(� hydroxyh oxygenm mm procyclichinme.

(c) Amnothier electron domnor in each nmolecuhe
also occupies a similar position inn space : I ime

seconnd ketonmic oxygemi imr diphienmylhydan-

toimm, a ketonic oxygenn inn diazepann, and the
imeterocychic nih rogenm of I)rocyclidimm(’ . Dis-

tanices beteenn cenitroids of time PhenrYl anmd
cyclohexyl rings arid time ehectron-donmat inmg
funnctionmal groups are listed inn Table 4.

Thmese three drugs, altimoughm chemically

quite differenmt (see Fig. 4), all possess imighm

degrees of ant iconvnnlsanmt activity; dipimenmyl-

imy(lanmtOin and diazepam are clinmically useful

inn time treatment of rirand iiial epilepsy, arid

time demoimstrated ability of procychidinme to

protect againmst nmaximal elect ricaiiv anmd

cimemically induced seizures indicates timat it

is also potentially useful against this conmdi-
tionn. It seems clear from oirr structural re-

sults that timeir similar anticonrvuisannt prop-

erties may be a result of timeir similar corm-
formationnal features. Houv arid uvhmv timev

act in the cenntral nervous system to block

seizures is not knnouvnr, nor is time number or
nature of time receptor sites for these agents

established. Our results, imouvever, imudicate

imat a sinngle class of receptor sites uvhich

TABLE 4

Distances between ring centrouls (10(1 electron -

- donating atoms in procyclidzne Ii t,drochloridc

Functional groups Distance

accommodates tire geonmet neal nnnmd stereo-

chemical characteristics exhmibited in com-

mon by these tlmree drugs could be involved.
Time search for amntiepihepsy drugs has

beenm directed, unmtil nmow, along purely diem-
ical avenues. We suggest tlmat time seeking
arid testirmg of new threrapeutic agents based
on stereochemical sinmilanit ies to present

drugs may lead to greater progress in this
field. Tins conmformationral approach may
also be valuable iii identifying receptor sites

of anmticonivulsant drugs, arid timus in elu-

cidatinrg time nmechanisnms of seizures (8).
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FIG. 4. Structural formulae of diphenylhydantoin (DPH), (liazepain (DAZ), and procyclidine (PRO)

I

I

ACKNOW LEDGMENTS

The authors thamik Dr. H. Kalant for supplying

the procyclidimie hydrochloride.

REFERENCES

1. J. U. Millichap, U. L. Pitchford amid M. G.
Millichap, Proc. Soc. Exp. Biol. Med. 127,

1187 (1968).
2. T. C. Butler, Pharmacol. Rev. 2, 121 (1950).

3. A. Camnermnamm and N. Camermaim, Ada
Crystallogr. Iii pres�.

4. A. Cnnnmernmami amid N. Cannernmaii, J. Amer.

Cheat. Soc. Iii press.

5. J. Kane amid I. L. Karle, Acta Crystallugr. 21

849 (1966).

6. W. II. Busing, K. 0. Martin amid H. A. Levy.
“OHFLS.” Oak Ridge Natiomial Laboratory,

Oak Ridge, Tcnn., 1962.

7. “ Imiternational Tables for X-ray Crystal-

lography,” Vol. III. Kymioch Press, Birnming-
hanm, Em3gland, 1962.

8. A. Canmerman amid N. Camerman, Science 168,

1457 (1970).




