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Dibrucinium sulfate heptahydrate

The crystal structure of dibrucinium sulfate(VI) heptahydrate,
2C;Hy»N,0,7-80,>7-7TH,O, has been determined. The
components are packed in layers. Puckered brucinium sheets
are separated by layers consisting of hydrogen-bonded
disordered sulfate(VI) anions and water molecules. Both
layers, the cationic together with the anionic/water, are linked
by N—H"---O~ and O—H- - -O hydrogen bonds.

Comment

In 1953, Eeles published some preliminary crystallographic
data for dibrucinium sulfate(VI) heptahydrate, (I) (Eeles,
1953). On the basis of the number of formula units per unit
cell, calculated from unit-cell dimensions and the observed
density, he found that each sulfate(VI) anion must lie on a
diad axis. Moreover, he postulated that seven water molecules
are possibly arranged in a manner similar to that of the mol-
ecules of water in the structure of strychninium sulfate
pentahydrate (Bokhoven et al., 1951). However, until now the
crystal structure of dibrucinium sulfate(VI) heptahydrate was
unknown.

"S0,” " 7TH,0

A view of the asymmetric unit of (I), together with the
numbering scheme employed, is presented in Fig. 1. The
geometry of the brucinium cation is comparable with that
found in other crystal structures (Gould & Walkinshaw, 1984;
Quinkert et al., 1986; Boiadjiev et al., 1992; Kuwata et al., 1993;
Wright et al, 1994; Dijksma, Gould et al, 1998; Dijksma,
Walkinshaw et al., 1998; Sada et al., 1998; Cheung et al., 1990;
Allenmark & Skogsberg; 2000; Laursen et al., 2003; Thunberg
& Allenmark, 2003; Biatoriska & Ciunik, 2004; Biatonska et al.,
2005; Smith, Wermuth, Healy et al, 2005; Smith, Wermuth &
White, 2005; Smith, Wermuth, Young & Healy, 2005). In
compound (I), the S atom of the sulfate(VI) anion lies on a
crystallographic twofold axis, and the O atoms of the anion
adopt two arrangements (in the ratio 1:1) around the twofold
axis. Similarly, one of the water molecules (O1W) is located on
a special position. The disordered anion, via atom O5 and the

Received 9 November 2005
Accepted 14 November 2005
Online 23 November 2005

04222

Biatoriska and Ciunik + 2Cy3H,7N,0,"-50,*7-7H,0

doi:10.1107/51600536805037451

Acta Cryst. (2005). E61, 0422204224



organic papers

Figure 1

A view of the asymmetric unit of (I), showing the atom-numbering
scheme. Displacement ellipsoids are shown at the 30% probability level.
Only one disorder component is shown for the anion.

Figure 2
The hydrogen-bonded network (dashed lines) of the anionic/water layer.
For clarity, one component of the disordered anion has been omitted.

two atoms O6 and O7, participates in N—H"- - -O~ hydrogen
bonds in which the protonated amine atoms N2 and N2(—x, y,
—z + 1) of the brucinium cations act as donors, respectively.

The nearest environment of the anion also consists of water
molecules. Thus, each O atom of the disordered anion is
involved in at least two hydrogen bonds (Fig. 2). All water
molecules which do not lie on special positions, i.e. atoms
O2W, O3W and O4W, are acceptors of one and donors of two
hydrogen bonds. The O1W water molecule, as a donor of
hydrogen bonds, belongs to a cyclic arrangement (Fig. 2),
which also involves the O2W and O3W water molecules and
atom O6 of the anion.

Figure 3

A packing diagram for (I), showing the puckered brucine sheets and the
disordered sulfate anions between them. For clarity, the water molecules
and H atoms have been omitted.

The anionic/water layer, which results from the hydrogen-
bonded network of the sulfate(VI) anion and the water mol-
ecules, is separated by puckered sheets of brucinium cations
(Fig. 3). Similar brucine self-assembly is found in other crystal
structures contaning brucinium cations (Dijksma, Walkinshaw
et al., 1998; Laursen et al., 2003; Biatonska et al., 2005). Both
layers, the cationic together with the anionic/water, are linked
by the above-mentioned N—H- - -O hydrogen bonds and also
by O—H- - -O hydrogen bonds. The O4W water molecule and
the carbonyl atom O4(—x + 3, —y + 1, z + 1) of the brucinium
cation participate in the O—H- - -O interlayer hydrogen bond
(Fig. 2).

Experimental

Commercially available brucine and sulfuric acid were dissolved in
water in a 1:1 molar ratio of alkaloid and acid. Crystals of (I) were
formed after slow evaporation of the solvent at room temperature.

Crystal data

2C,3H,/N,04+-80,27-7H,0
M, = 1013.10
Orthorhombic, C222,
a=121765 (9) A

b = 142518 (10) A

¢ =26.6488 (18) A

V = 46246 (6) A®

Z=4

D, =1455Mgm™>

Data collection

Kuma KM4 CCD area-detector
diffractometer

 scans

Absorption correction: none

15405 measured reflections

4939 independent reflections

Mo Ko radiation

Cell parameters from 5256
reflections

6 = 3.7-28.5°

©n =016 mm~

T=100 (2) K

Block, colourless

0.40 x 0.40 x 0.40 mm

1

4393 reflections with 7 > 20(1)
Rine = 0.043

Onax = 27.0°

h=-15—15
k=-18 > 17
I=-33—> 19
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Refinement

Refinement on F?
R[F? > 20(F%)] = 0.047
WR(F?) = 0.094
S =1.07
4939 reflections
335 parameters
H-atom parameters constrained
w = 1/[0*(F,?) + (0.043P)*
+ 1.9728P]
where P = (F,” + 2F.2)/3

(A/0)max < 0.001

APmax =022e A3

Appin = —027 e A3

Absolute structure: Toda et al.
(1985) and Flack (1983), with
2356 Friedel pairs

Flack parameter: —0.01 (9)

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N2—H2. - -06! 0.96 1.83 2712 (4) 151
N2—H2---05 0.96 2.00 2.873 (4) 150
N2—H2...-O7' 0.96 2.36 3.141 (4) 138
O1W—HI1W--.03W 0.88 2.04 2.834 (2) 150
O2W—H21W- - -04W 0.88 1.88 2.756 (3) 175
O2W—H22W.- - -06 0.88 1.91 2.716 (4) 151
O2W—H22W- - -06! 0.88 217 2.976 (4) 152
O3W—H31W- - -02W 0.88 1.89 2.748 (3) 165
O3W—H32W- ..07" 0.88 1.97 2769 (4) 150
O3W—H32W- . .08 0.88 227 3.093 (4) 155
O4W—H41W- - .04" 0.88 1.95 2.808 (3) 164
O4W—H42W- - -08 0.88 2.00 2.801 (4) 151
O4W—HL2W- - .05 0.88 2.14 2.983 (4) 160

Symmetry codes: (i) —x,y,—z+5% (i) x+3y+1z (i) —x+Ly+3 —z+% (v)
x5 -y+L 45

H atoms bonded to C atoms in the brucinium cation were included
in their idealized positions and treated as riding in the subsequent
refinement, with C—H distances in the range 0.95-1.00 A and with
Uiso(H) = 1.2U.4(C). The remaining H atoms were located in differ-
ence density maps and refined with isotropic displacement para-
meters; in the final cycle of refinement, they were made to ride on
their parent atoms. The absolute configuration of dibrucinium
sulfate(VI) heptahydrate was chosen on the basis of the known
absolute configuration of brucine (Toda et al., 1985) and confirmed by
this refinement.

Data collection: CrysAlis CCD (Oxford Diffraction, 2001); cell
refinement: CrysAlis RED (Oxford Diffraction, 2001); data reduc-
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: SHELXTL-NT (Bruker,
1999); software used to prepare material for publication:
SHELXL97.

This work was supported in part by the Polish Committee
for Scientific Research (grant No. 2532/W/WCH/2005).
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