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The Crystal and Molecular Structure of 1-(s-Aminoethyl)-4-
hydroxy-5-iodo-3,6-benzoquinone, an Oxidation Product of

6-Hydroxydopamine

A. M. OPHEIM

Department of Chemistry, University of Oslo, Oslo 3, Norway

The title compound was obtained on oxidation
of 6-hydroxydopamine by potassium iodate.
The crystal structure was determined by X-ray
diffraction techniques. The crystals are mono-
clinic, space group P2,/c with a="7.074(3) A,
b=14.555(7) A, ¢=8.264(2) A, B=90.57(3)°.
Full-matrix least-squares refinements resulted
in an R-factor of 0.048 for 1058 observed reflec-
tions. Standard deviations in bond lengths are
0.01-0.02 A and in bond angles 1°. The mole-
cules, which appear to have a zwitterionic
structure, are observed in a conformation with
7,=165° and v,= —71°. The ions are arranged
in chains along the c-axis, and are stacked along
the a-axis in the crystals. Intermolecular con-
tacts consist of van der Waals’ interactions,
N—-H---O hydrogen bonds, and a short
I--:0=C contact indicative of a charge-
transfer interaction.

6-Hydroxydopamine is well-known as a chem-
ical sympathectomic agent. A main theory
concerning the neurodegenerative action of the
compound is related to the binding of its oxi-
dation products to intraneuronal macromole-
cules.l»* Extensive polarographic and spectro-
scopic studies have been performed in order
to establish the oxidation pathways of 6-hydrox-
ydopamine.®* In view of the differences in
the biological actions of 6-hydroxydopamine
and chemically related sympathomimetic ami-
nes, such as adrenaline, it is considered of great
importance to correlate the oxidation studies
of these compounds.

The crystallographic data available for oxi-
dation products of the amines are limited.
From a previous study the crystal structure
of a complex between 6-hydroxydopamine
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hydrochloride and its oxidized, p-quinonoid
form was reported.® Recently, crystals of
a cyclized oxidation product of adrenaline,
7-iodoadrenochrome, were attained using po-
tassium iodate as an oxidizing agent.® This
procedure proved to work also for the oxida-
tion of 6-hydroxydopamine. In order to com-
pare the oxidation products obtained, the
present structure investigation was initiated.

EXPERIMENTAL

To 2 ml of a 0.004 M aqueous solution of
6-hydroxydopamine hydrobromide was added
a few drops of a 0.1 M potassium iodate solution.
By slow diffusion of an ethanol/ethyl ether mix-
ture into the solution, thin, deep red, needle-
formed crystals of the title compound appeared.

From the systematic absences of reflections
the space group was determined to P2,/c. Unit
cell parameters and three-dimensional intensity
data were obtained from a crystal of dimensions
0.18 x 0.08 x 0.03 mm? by the use of a SYNTEX
Pl automatic diffractometer with graphite
crystal monochromated MoKu radiation. Inten-
sities of 1152 reflections with 20<55° were
recorded using the w— 26 scan technique. The
scan speed varied between 1 and 1.5° min~?,
the scan range was 2°, and the ratio of back-
ground counting time to scan time was 0.7.
1058 reflections having net intensities larger
than 2.50(I) were considered to be observed,
the remaining reflections were excluded from
the further calculations. The intensity data
were corrected for Lorentz, polarization, and
absorption effects. The computer programs
employed during the present study are de-
scribed in Ref. 7. Atomic form factors were
obtained from Ref.8 for the non-hydrogen
atoms and from Ref. 9 for hydrogen.
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Fig. 1. 50 % probability ellipsoids and bond lengths (A).

refinements yielded an R-factor of 0.06. A dif-
ference Fourier map calculated at this stage
indicated the positions of all of the eight hy-
drogen atoms. Although the map showed rel-
atively large electron density fluctuations, the
electron density observed near carbon, nitrogen,
and oxygen atoms was consistent with the
localization of five hydrogen atoms bonded to
carbons and the remaining three hydrogen
atoms bonded to the nitrogen. The positional
parameters of the H atoms were included in
the final cycles of least-squares refinements.
The isotropic thermal parameters of the hydro-
gens were kept constant with values equal to
those of the atoms to which they were bonded.
The refinements resulted in a conventional
R-factor of 0.048 and a weighted R-factor of
0.053.

The final parameters for non-hydrogen atoms
are listed in Table 1 and for hydrogen atoms
in Table 2. The numbering of the atoms is

indicated in Fig. 1, which also presents the
ellipsoids of thermal motion and bond lengths.
Bond angles, and also the bond lengths in-
volving hydrogens, are given in Table 3.

The structure factor list may be obtained
from this institute upon request.

DISCUSSION

The present study shows that an oxidation
of 6-hydroxydopamine with potassium iodate
has yielded a 5-iodo-3,6-quinone derivative of
the compound. Formation of a corresponding
quinonoid oxidation product of 6-hydroxy-
dopamine has been reported from a previous
structure investigation.® These studies confirm
that 6-hydroxydopamine oxidation proceeds
via formation of an open-chain p-quinone.
The studies also seem to support the proposal
that the quinone formed does not readily
undergo an intramolecular cyclization reaction,®

*

NHy
O m i .§3$(7

6H YDROX YDOPAM/NE

Ojij/t/NHMe
K103

ADRENALINE
4

X

ool

Fig. 2. Oxidation of 6-hydroxydopamine and adrenaline with potassium iodate.
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which is reported to occur rapidly during oxi-
dation of adrenaline and related catechol-
amines.®" As illustrated in Fig. 2, the oxi-
dation of 6-hydroxydopamine and adrenaline ®
solutions with potassium iodate has resulted in
the formation of iodinated open-chain and
cyclized oxidation products, respectively. The
iodo-substituted p-quinonoid derivative of 6-
hydroxydopamine is obtained in the base form.
The molecules in the crystals appear to exist
in the zwitterionic form 3 (Fig. 2), which cor-
responds to the proposed red chromophore
appearing in oxidized solutions of 6-hydroxy-
dopamine.?

The zwitterionic character of the molecule
was indicated by the localization of hydrogen
atoms, and is further supported by the short
distance observed for the C4— 02 bond, 1.26 A.
This bond length is significantly shorter than
correspondingly found for the phenolic hydroxyl
group in the hydrochloride of the 6-hydroxy-
dopamine-p-quinone.® Otherwise, the values
of bond lengths and bond angles obtained from
the two studies agree within the accuracy of
the measurements. The C4— 02 bond distance
of the present study is close to that reported
for the C—O~ groups in the anions of 2,5-
dihydroxy-p-benzoquinone and related com-
pounds.’? The high degree of conjugation ob-
served in the latter symmetrical anions is not
found in the present molecule, although a cer-
tain extent of charge delocalization into the
ring system is indicated both by the C4—0~
distance and a relative lengthening of the
C4—C5 double bond. Corresponding bond

- distances are observed for 7-iodoadrenochrome,®
in which there are contributions from the two
resonance structures sa and 5b (Fig. 2).

Table 4. Deviations in A of individual atoms
from a least-squares plane.

Atoms defining

the plane Other atoms
C1 0.026 I —0.066
C2 0.000 01 - 0.099
C3 —0.022 02 0.070
C4 0.016 03 —0.107
Cs5 0.009 C7 0.043
Ceé —0.031 C8 0.438
N 1.884

Fig. 3. The molecular arrangement in the (010)
plane as viewed down the b-axis. Hydrogen
bonds are indicated by dotted lines.

The quinone ring is planar within the error
of the experiment. Atomic deviations from
a least-squares plane are given in Table 4.

The conformation of the molecule deviates
markedly from that commonly observed for
crystalline phenylethylamine derivatives.!*
The torsion angle C6—-C1—-C7—~C8 (z,) is 165°
and C1-C7—C8—N (t,) is —71°. This means
that the ethyl part of the side chain is situated
close to the plane of the quinone ring, and the
nitrogen atom in a gauche position relative to
the ring system. The value of the z, torsion
angle corresponds to the one observed in the
hydrochloride of the 6-hydroxydopamine-p-
quinone,® but these are among the few crystal
structures showing an exceptional conforma-
tion about the C1—C7 bond.®* The t, angle
is normally observed with a value of about + 90°
in phenylethylamines, inclusive 6-hydroxy-
dopamine when not being in the oxidized
form.%' It is, furthermore, a characteristic
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feature to find this class of molecules with a
maximally extended (frans) conformation in
the crystals. The importance of a preference
for the trans conformation has frequently been
mentioned when discussing the mechanism
underlying sympathomimetic activity.'*® Con-
cerning the neurodegenerative action of 6-
hydroxydopamine, one of the several theories
proposed points to the significance of a molec-
ular gauche conformation.’® From a theoretical
study performed on 6-hydroxydopamine and
related polyhydroxyphenylethylamines it was
indicated that the minimum energy conforma-
tion is a folded one, which was considered to be
essential for the interaction of the molecules,
or their ozidixed forms, with macromolecules.*®
A gauche conformation, however, is neither
found in the crystals of pure 6-hydroxydopa-
mine hydrochloride,** nor in the 1:1 complex
with its oxidized, p-quinonoid form.* The
gauche conformation observed in the present
p-quinonoid molecule deviates from the one
predicted from the theoretical computations,®
having the exceptional small value of the t,
torsion angle. This conformation leads to a large
N — O3 separation (4.78 A), which excludes the
possibility of an intramolecular hydrogen bond
between the protonated amino group and the
ortho oxygen atom. From the theoretical study
such an intramolecular hydrogen bonding was
suggested to provide a stabilization of a molec-
ular gauche form.

The zwitterions of the 6-hydroxydopamine-
quinone are arranged in the crystals with close

Table 5. Intermolecular distances.
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Fig. 4. The structure of half a unit cell as
viewed down the a-axis. I---03 interactions are
indicated by dotted lines.

contacts between positively charged nitrogen
atoms and negatively charged oxygen atoms,
of 2.78 and 2.84 A, respectively. The N+—
H---O7 interactions are representative of inter-
molecular hydrogen bonds, the depiction of
which is given in Fig. 3 and Table 5. The
hydrogen bond system in the crystals is linking
the ions in chains along a crystallographic axis.
This is an arrangement which is found to be
characteristic for sympathomimetic amines
existing in a zwitterionic form in the ecrys-
tals.’®7 The present crystal structure is built
of chains of ions running nearly parallel to the

a. Hydrogen bonded interactions

N -HIN---02(z,y,z2— 1)
N—-H3N---02(—2+1,~y,—2)

b. Other contacts (A)

N---Ol(z,y,z—1)
N"'Ol(wy"'y_ 32— ‘;‘)
I"'Cz("‘w'—y”"z)
01---C8(z,—y— %2+ %)
02---C8(z,y,2+ 1)
02---Cl(~z+1,—y,—2)
03---C3(—z,—y,—2)
Cl---C4(—z+1,—y,—2)
C3---Co(—x+1,—y,—2)

I---03(x,—y+ 4.2+ 1)

N---0 (A)
2.78
2.84

H---0 (4)
2.0
2.1

N—H---0(°)
152
158
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c-axis at y=0 and y=4. The ions are also
stacked along the a-axis, so the crystals can
be described as built of overlapping molecular
chains extending in the (010) and (02 0)
planes. The arrangement is shown in Fig. 3
for (01 0). As indicated in the figure are over-
lapping molecules linked in pairs through
hydrogen bonds. The molecules are stacked
with a separation between the ring centers of
3.47 and 3.73 A. The ring planes are inclined
at an angle of about 22° to the a-axis.

Van der Waals’ interactions present in the
crystals are given in Table 5. Additionally,
there is observed an intermolecular I---O3
contact, 3.12 A, being considerably shorter
than the corresponding van der Waals’ sepa-
ration.? This indicates the presence of a charge-
transfer interaction, as correspondingly sug-
gested for the crystal structure of 7-iodoadreno-
chrome.®* The system of I---03 interactions
(illustrated in Fig. 4) are connecting the molec-
ular stacks of the (01 0) and (0 2 0) planes.
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