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Abstract

The title compound, C;oHyCl,N30,-2H,0, exists in the
zwitterionic form as a result of proton transfer from
the carboxylic acid group to the bridging nitrogen. The
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imidazolidine ring adopts a half-chair conformation. The
dihedral angle between the imidazolidine and phenyl
rings is 67.29 (6)°, and the carboxyl group is twisted
by 5.4 (1)° from the phenyl ring. The crystal structure
is stabilized by a network of hydrogen bonds involving
the two water molecules.

Comment

Clonidine, an imidazolidine derivative is one of the cen-
trally acting antihypertensive drugs which act primarily
via a-adrenoceptors in the brain. Quantitative structure—
activity studies suggest that the antihypertensive activ-
ity of this molecule is governed by distinct steric and
electronic characteristics (van Zwieten et al., 1983). In
recent years, a large number of imidazolidine deriva-
tives were synthesized in an effort to obtain a more
active molecule, but none of them were found to be
more potent than clonidine itself.

The title compound, (I), differs from clonidine by
the presence of an acid group at the para-position of
the phenyl ring. Quantitative structure-activity studies
showed that hypotensive activity is favoured when small
groups are substituted at the para-position. Because this
compound has a melting point in excess of 573 K and
substantial solubility in water, it seemed possible that
the compound exists as a zwitterion in the solid state.
The X-ray structure determination of this compound was
undertaken to evaluate this possibility and to study the
molecular conformation.

H Cl
el
H

Cl

00~ -2H,0
(9]

The bond lengths and angles in the structure agree
very well with those observed in clonidine (Byre et al.,
1976; Cody & DeTitta, 1979). The compound is found
to be a zwitterion with protonation having occurred
at the imino nitrogen. The imidazolidine ring adopts
a half-chair conformation with asymmetry parameter
AGC,(C7) = 0.0108 (8) (Nardelli, 1983); the mean plane
through this ring make a dihedral angle of 67.29 (6)°
with the phenyl plane. The carboxyl group is twisted
by 5.4(1)° from the phenyl ring [C3—C4—C10—02
—5.1(3) and C5—C4—C10—0O1 -5.5(2)°]. In the
asymmetric unit, both water molecules are linked to
the carboxyl group through O—H- - -O hydrogen bonds.
In the crystal, all the N—H groups are involved in
N—H- - -O intermolecular hydrogen bonds either with
water or carboxyl O atoms to form a network structure
(Table 2). The water O4 atom acquired full tetra-
coordination due to hydrogen bonding.
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Fig. 1. The structure of the title compound showing 50% probability
displacement ellipsoids and the atom-numbering scheme.

Experimental

2-(4-Carboethoxy-2,6-dichlorophenylimino)imidazolidine was
reduced with a tenfold excess of sodium borohydride sus-
pended in boiling fert-butyl alcohol following a procedure
for the reduction of aromatic ester proposed by Soai et al.
(1982). Methanol was added dropwise over the period of
reduction. Excess reducing agent was destroyed by careful
addition of hydrochloric acid. The bulk of the solvent was
removed under reduced pressure and the products then parti-
tioned several times between water and ether. 2-(4-Hydroxy-
methyl-2,6-dichlorophenylimino)imidazolidine was obtained
from the ether fraction upon evaporation. The aqueous fraction
was concentrated and 2-(4-carboxyl-2,6-dichlorophenylimino)-
imidazolidine, ca 5% total yield, crystallized from the solution
on standing for a few days at 278 K. This amino acid is there-
fore apparently a by-product of the hydrolsis of ester during
the reduction. When the Soai procedure was modified by
severely restricting the amount of methanol added dropwise
each time, no amino acid by-product was formed.

C,0HoCI1N30,-2H,0

Refinement

Refinement on F?

R[F? > 20(F%)} = 0.038

wR(F?) = 0.110

S$=104

3073 reflections

225 parameters

All H-atom parameters
refined

w = /[o2(F2) + (0.0604P)°

+ 0.0078P]

where P = (F? + 2F2)/3

(A/0)max < 0.001

Apmax = 0.50 e A‘

Apmin = —0.49 e A-3

Extinction correction:
SHELXTL (Sheldrick,
1997)

Extinction coefficient:
0.029 (4)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Crystal data

C10H9C12N302-2H20 Mo Ko radiation

M, =310.13 A=071073 A

Triclinic Cell parameters from 38
Pl reflections

a=8.0857(9) A
b=85118(5) A
c=104161(7) A
o = 88.788 (7)°

B = 73.155 (8)°
v = 71352 (7)°

V = 668.78 (10) A’
Z=2

D, = 1540 Mg m~3
D, not measured

Data collection

Siemens P4 diffractometer
6/20 scans

Absorption correction:
" empirical 1 scans

(Siemens, 1994)

Tmin = 073; Tmax =093
3721 measured reflections
3073 independent reflections
2298 reflections with

1> 20(D)

0 = 5.439-12.513°

p = 0.499 mm™!
T=293(12)K
Parallelepiped

0.66 x 0.20 x 0.14 mm
Colourless

Rin = 0.018

Omax = 27.50°

h=-9—-10

k=-11 - 11

I1=0—13

3 standard reflections
every 97 reflections
intensity decay: <3%

Table 1. Selected bond lengths (/i )

01—C10 1.255 (2) N2—C7 1.317 (2)
02—C10 1.250 (2) N2—C8 1.464 (2)
N1—C7 1.330 (2) N3—C7 1.334 (2)
N1—C1 1.422 (2) N3—C9 1.456 (3)

Table 2. Hydrogen-bonding geometry (A, °)

D—H.--A D—H H-.-A D-..A D—H...A
03—H103- - -01 0.76 (3) 1.99 (3) 2.750 (3) 174 (3)
04—H204. . .02 0.80 (3) 1.99 (3) 2.786 (2) 172 (3)
03—H203. . .04' 0.83 4) 1.98 (4) 2.757 (3) 155 (3)
04—H104. . .02" 0.85 (3) 1.96 (3) 2.808 (2) 170 (3)
N1—HINI1. . .0O3" 0.76 (2) 1.99 (2) 2.732 (2) 167 (2)
N2—HIN2...01" 091 (2) 1.83 (2) 2.727 (2) 168 (2)
N3—HIN3. . .04" 0.85 (2) 2.12(2) 2974 (2) 175 (2)
C9—H9A- - .CI12" 0.99 (3 2.81 (3) 3.538 (2) 131 (2)
Symmetry codes: (i) x—1, ¥, z; (ii) —x,2—y,2~z: (iii) —x, | —y, 1 =z
iv) —x,2 -y l—-gW1l-x1l—=-yl-zxW)l—xl-y-z

All H atoms were located from a difference Fourier map and
refined isotropically. The C—H, N—H and O—H distances are
in the ranges 0.88 (2)-0.99 (3), 0.76 (2)-0.91 (2) and 0.76 (3)-
0.85(3) A, respectively. The Ui, values of H atoms range
from 0.039 (5) to 0.08 (1) A>.

Data collection: XSCANS (Siemens, 1994). Cell refinement:
XSCANS. Data reduction: XSCANS. Program(s) used to solve
structure: SHELXTL (Sheldrick, 1997). Program(s) used to
refine structure: SHELXTL. Molecular graphics: SHELXTL.
Software used to prepare material for publication: SHELXTL
and PARST (Nardelli, 1995).

The authors would like to thank the Malaysian
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Abstract

In the title compound, C;3Hz403, the five-membered
ring adopts a half-chair conformation and the cyclo-
hexane ring is in a chair conformation. The benzoyl
group and the phenyl ring are equatorially attached.
The hydroxyl group and the benzoyl O atom are
involved in an intramolecular O—H---O hydrogen
bond. In the crystal, the phenyl rings of the inversion-
and screw-related molecules are involved in C—H- - -m
interactions.

Comment
While attempting to develop a facile route to
azagonanes, we have isolated not only the ex-

pected 1,5-diketone 2-(3-oxo-3-phenylpropyl)-1-cyclo-
pentanone, but also the title compound, (I), in 7% yield
from the reaction of phenyl vinyl ketone and cyclo-
pentanone in the presence of barium hydroxide. The
importance of this compound comes from the fact that
from simple starting materials, such as phenyl vinyl
ketone and cyclopentanone, a complex product can be
formed which has three stereogenic centres. The stereo-
selectivity in the reaction is very high, since only one
product out of the four enantiomeric pairs has resulted
from the reaction. A possible mechanism involves se-
quential Michael addition, Michael addition and aldol
condensation. The X-ray structure determination of (I)

t Visiting Postdoctoral Fellow, School of Physics, Universiti Sains
Malaysia, 11800 USM, Penang, Malaysia.
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was carried out in order to elucidate its molecular con-
formation.

CeHs
COCHs

S

o}
M

Except for C—C bonds involving Cl17, all bond
lengths in (I) show normal values (Allen ez al., 1987).
The C7—C17 [1.521 (2) A] and C17—C18 [1.491 (2) A]
bond lengths are longer than normal Csp*—Csp® and
Csp>—Csp? bond lengths, which may be due to steric
interactions. The bond angles around the spiro-C atom
(C5) vary from 99.8 (1) to 113.8(1)°. Such large devi-
ations from normal sp®> bond angles have been reported
for the spiran junction by Selladurai et al. (1995) and
Ianelli et al. (1992). The spiro planes, C1—C5—C4 and
C6—C5—C10, are inclined at 89.6 (1)° to each other.
The five-membered ring adopts a half-chair conforma-
tion, with C4 and C5 twisted out of the mean plane
by 0.229 (2) and —0.234 (2) A, respectively; asymmetry
parameter AC,(C2) = 3.6 (2)° (Duax et al., 1976). The
cyclohexane ring adopts a chair conformation, with the
C4—C5 bond, the benzoyl group and the phenyl ring
attached to it equatorially. The mean plane through the
cyclohexane ring forms dihedral angles of 78.1 (1) and
82.68 (9)°, respectively, with the mean planes through
the five-membered ring and the phenyl ring. The con-
formation of the attachment of the benzoyl substituent
to the cyclohexane ring is described by the C6—C7—

Fig. 1. The structure of (I), showing 30% probability displacement
ellipsoids and the atom-numbering scheme. H atoms are drawn as
spheres of arbitrary radii.
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