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The Crystal Structure of (+)-erythro-2-(2,5-Dimethoxy-
phenyl) -2-hydroxy-1-methylethylammonium Chloride

MARTIN VAHL GABRIELSEN and ALEX MEHLSEN SORENSEN

The Royal Danish School of Pharmacy, Chemical Laboratory C, 2100 Copenhagen &, Denmark

Methoxamine chloride, (+)-erythro-2-(2,5-
dimethoxyphenyl)-2-hydroxy-1-methylethyl-

ammonium chloride, C,,H,,NO;.HCl crystal-
lizes in the space group P2, /c with a =14.208(11)
b=9.466(7), c=9.683(9) A, p=098.99(12)°,
Z=4. The crystal structure was determined
from three-dimensional diffractometer col-
lected X-ray diffraction data, and refined to
a final R value of 0.049 by full-matrix least-
squares methods. The erythro configuration
has been confirmed. The structure is stabilized
by a maximum number of hydrogen bonds.

Methoxamine is chemically closely related to
nor-ephedrine, pharmacologically it is a sym-
patomimethicum with entirely alpha-adrenergic
activity. The general acceptance of the erythro
configuration for methoxamine has been based
on studies on the optical rotation of this and
related compounds?! and the probably stereo-
specific, catalytic reduction of the correspond-
ing isonitrosopropiophenone to methoxamine.?*

As this evidence for the configuration was
not considered conclusive, an X-ray investiga-
tion of the structure was carried out.

EXPERIMENTAL

Crystals suitable for X.-ray diffraction in-
tensity measurements were grown by slow
evaporation at room temperature of an aqueous
solution. The unit-cell dimensions were deter-
mined from least-squares refinement for the
theta values for 36 reflections. The crystal
density was measured by flotation in a mixture
of chlorobenzene and bromobenzene. The X-
ray intensity data were obtained from a
crystal with dimensions 0.2x0.4x0.5 mm
mounted on a Nonius three-circle automatic
diffractometer using graphite monochro-
matized MoK« radiation (1=0.7107 A). The

crystal was mounted with the crystal b-axis
and the goniometer ¢-axis parallel, the w-
scan technique with a fixed scan range of
1.0° and a scan speed of 1.2 deg./min was
employed, and background intensity was
measured for half the scanning time at the
scan range limits. The intensity of one refer-
ence reflection was measured after every 25
reflections. Out of 2309 independent reflections
in the range 2.5°< 6< 25°, 1578 with an intensity
greater than three times their corresponding
estimated standard deviation were considered
to be observed. The intensity data were cor-
rected for Lorentz and polarization effects.
The computations were carried out on a
GIER and an IBM 360/75 computer using
The X-Ray System,* ORTEP°® and diffrac-
tometer input and output data reduction
programs written by one of the authors
(A.M.S.). X-Ray atomic scattering factors
used were those listed in International Tables
for X-Ray Crystallography (1962).

CRYSTAL DATA

Methoxamine chloride, (i )-erythro-2-(2,5-
dimethoxyphenyl)-2-hydroxy-1-methylethyl-
ammonium chloride, C,,H,;NO;HCl, M=
247.72, Monoclinic, a=14.208(11), b=9.466(7),
c=19.683(9) A, p=98.99(12)°, V=1286 Az,
D,=126 g em™, Z=4, D.=128 g ocm™.
Linear absorption coefficient A(MoKa)=0.7107
A: y=2.9 cm™. Space group P2,/c.

STRUCTURE DETERMINATION

From a three-dimensional, sharpened, origin
removed Patterson synthesis approximate
positions of the chlorine and the hydrogen
bonded nitrogen (N) and oxygen (0O3) atoms
were postulated. An electron density map
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phased on these atoms showed four likely
positions for carbon atoms; the nine remaining
non-hydrogen atoms of the methoxamine ion
appeared clearly in a subsequent electron
density map phased from the contributions
of those atoms whose positions had been
located.

Full matrix least-squares refinement
(minimizing Jw(|F,|—|F )2, w=1) using in-
dividual isotropic temperature factors con-
verged at R=0.19. Individual anisotropic
thermal parameters were introduced and after
three cycles of refinement a difference Fourier
synthesis was calculated from structure factors
in the range s8in 6§/A<0.35. Approximate
positions of all the hydrogen atoms were found
in the eighteen largest peaks (electron density
of 0.2—0.5 e A~3). Individual isotropic thermal
parameters, approximately equal to those
calculated for the corresponding heavier atoms,
were assigned to the hydrogen atoms.

Full-matrix least-squares refinement on the
positional parameters of all atoms and in-
dividual anisotropic thermal parameters for
all non-hydrogen atoms converged at R =0.049
(weighted R=0.061, average and maximum
values of shift error were 0.05 and 0.3, resp.).
In the last stages of the refinement empirical
weights were introduced to make w(|F | —|F.|)?
independent of |F| and sin 6. The weighting
scheme chosen was: w=axy where a=1 for
|Fol< 25 else a=0.5, x=1 for sin 6> 0.28 else
2=s8in 0/0.28 and y=1 for |F<9.0 else
y=9.0/|F,. Final positional and thermal
parameters are given in Table 1. Tables of the
structure factors are available on request.

Full-matrix least-squares refinement carried
out as for the erythro configuration of the
structure above but interchanging the co-
ordinates of the nitrogen and the terminal
side chain carbon atoms converged at R =0.057.
A difference Fourier map showed a peak
(0.25 e A~?) at the postulated position of the
carbon atom and a hole (—0.35 e A~%) at the
postulated position of the nitrogen atom.

DISCUSSION

The assumed erythro configuration of
methoxamine is confirmed by the X-ray struc-
ture determination. Final R-values for the
postulated erythro- and threo-configurations,

respectively, are 4.9 and 5.7 9%. Further evi-
dence for the erythro-form is the presence of
three short ¢nteratomic distances between
nitrogen and chlorine atoms, whereas the three
shortest distances between the carbon atom
C(9) and chlorine atoms are 3.82, 4.52 and
5.12 A.

The p-dimethoxyphenyl part of the ion is
approximately planar apart from four hy-
drogen atoms, two from each methyl group,
which straddle the benzene ring. The methyl
groups are as distant as possible from the
extended aminoethyl side-chain. The plane
of the benzene ring is almost perpendicular
to the plane containing the atoms C(1), C(7),
C(8), and N. The hydroxy group, the methyl
group [C(9)], and the methoxy group at C(5)
are situated on the same side of the latter plane.

Some data defining the conformation of the
methoxamine ion are listed in Table 2; the
geometry of the ion is illustrated by Figs. 1
and 2.

Bond distances and valency angles, un-
corrected for thermal motion, are given in
Table 3. The bond lengths are close to normally
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Fig. 2. Methoxamine ion, interatomic angles.
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Table 2. Conformation of the methoxamine ion.

Structure of Methoxamine Chloride 1165

Benzene ring. Distances of atoms from least squares plane. The equation is in direct (unit cell) space.

Equation: —7.116x 4 7.488y +4.1182+1.755=0

Atom Deviation (A) Atom ¢ Deviation (4)
C(1) 0.010 C(10) 0.102

C(2) —0.018 C(11) —0.030

C(3) 0.010 o(1) —0.072

C(4) 0.004 0(2) —0.019

C(5) -0.011 H(31) 0.01

C(6) 0.003 H(41) -0.05

C(7)2 0.084 H(61) —0.04

4 The coordinates of these atoms did not contribute to the least squares matrix.

Torsion angles (°) involving non-hydrogen atoms

C(8)—C(2)—O(1) ~ C(10) +9.7
C(4)— C(5)— 0(2) — C(11) +0.5
C(6)—C(1)—C(7)— O(3) —21.3
C(6)—C(1)—C(7)—C(8) +97.4

C(1)—C(T) — C(8) = C(9) —59.3
C(1)=C(7)—C(8) =N 178.8
0(3) —C(7)—C(8) — C(9) +62.9
0(3)—C(7)—-C(8) =N —~59.0

accepted values. Some valency angles in the
p-dimethoxybenzene system deviate signifi-
cantly from the ideal values, possibly a con-
sequence of the compact planar atomic ar-
rangement.

The packing of the molecules is depicted
in Fig. 3. A feature common for this and similar
compounds *® is the existence of a maximum
number of hydrogen bonds between the halide
and substituted ammonium ions.

The chlorine ions form continuous layers in
the (100) planes. The onium and hydroxy groups

in the methoxamine ions are directed towards
these layers, so that an infinite methoxamine
ion —chloride ion—methoxamine ion ‘sand-
which” is formed through the crystal. Each
chloride ion is hydrogen bonded in a roughly
tetrahedral manner to one hydroxy and three
onium groups in four different methoxamine
ions. There are no significantly close approaches
between non-hydrogen bonded atoms. A sum-
mary of the geometry of the close contacts
is shown in Table 3. :

Fig. 3. Stereoscopic pair of figures showing the crystal structure of methoxamine chloride, as

seen along the b-axis.
Acta Chem. Scand. A 28 (1974) ,No. 10
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Table 3. Interatomic distances (A) and angles (deg.).

Bond distances

C(1)—C(2) 1.385(4) C(3)—H(31) 0.96(5)
C(2)-C(3) 1.377(5) C(4)—H(41) 0.87(5)
C(3)—C(4) 1.379(6) C(6)—H(61) 0.94(5)
C(4)-C(5) 1.355(6) C(7)—H(71) 0.98(4)
C(5) - C(6) 1.379(5) C(8)—H(81) 0.93(4)
C(6)—C(1) 1.378(4) C(9)—H(91) 0.98(5)
(1) —C(7) 1.507(4) C(9) —H(92) 1.02(5)
C(7)—C(8) 1.519(4) C(9) —H(93) 0.97(5)
C(8)—C(9) 1.503(4) C(16) — H(101) 1.11(5)
C(2) - 0(1) 1.364(4) C(10) —H(102) 0.93(6)
C(10)~0(1) 1.414(5) C(10) — H(103) 0.85(6)
C(5)-0(2) 1.371(5) C(11)—H(111) 1.00(7)
C(11)—0(2) 1.397(6) C(11) - H(112) 0.94(7)
C(7)=0(3) 1.413(4) C(11)—H(113) 1.06(7)
C(8)-N 1.484(4)
The hydrogen bond system
A-H---B B equipoint A-H A---B H---B /L AHB
N—H(IN)---Cl (-, —y, —2) 0.95(4) 3.120(4) 2.20(4) 165(4)
N-H(2N)--Cl (—2,y—3%, 3—2) 0.88(5) 3.252(4) 2.44(5) 153(3)
N-—H(3N)---Cl (@ —y—4% 2—13) 0.93(5) 3.192(3) 2.27(5) 174(3)
0(3)—H(03)---C1 (@, ¥, 2) 0.89(4) 3.068(3) 2.20(5) 165(4)
Valency angles @
C(6)—-C(1)—-C(2) 119.9(3) 0(2)-C(5)—C(6) 114.5(4)
C(8)—C(1)—C(7) 120.8(3) C(5)—C(6) — C(1) 120.7(3)
C(7)—C(1)=C(2) 119.2(2) C(1)~C(7)—C(8) 111.9(2)
C(1)—C(2)—C(3) 118.7(3) C(1)=C(7)— 0(3) 112.1(2)
C(1)=C(2)-0(1) 116.3(3) 0(3)—C(7)—C(8) 105.7(2)
0(1)-C(2)-C(3) 125.0(3) C(7)—-C(8)—C(9) 114.0(2)
C(2)—C(3) —C(4) 120.5(4) C(7)—C(8)—N 107.8(2)
C(3)—C(4)—C(5) 121.0(4) N —C(8)—C(9) 109.6(3)
C(4)—-C(5)—C(6) 119.1(3) C(2)—-0(1)—-C(10) 119.3(3)
C(4)—C(5)—0(2) 126.4(4) C(5)—0(2)—C(11) 118.2(4)

@ All angles involving hydrogen atoms are within three times their estimated standard deviations from

the expected values.
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