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Crystal structure of bis(2,5,5,7-tetramethyl-1,4-
diazepane-1,4-diium) diaqua-bis(1,2-
diaminopropane)copper(II) bis(μ6-oxido)
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Abstract
C24H76CuN8V10O34, monoclinic, P21/n (no. 14), a = 22.416(4) Å,
b = 11.7003(18) Å, c = 20.079(3) Å, β = 95.594(7)°,
V = 5241.2(14) Å3, Z = 4, Rgt(F ) = 0.0243, wRref(F 2) = 0.1110,
T = 296(2) K.

CCDC no.: 2238091

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

An aqueous solution (10 mL) of NH4VO3 (117 mg, 1 mmol)
was layered with an acetonitrile solution (10 mL) of
[Cu(1,2-pn)2](ClO4)2 (42.3 mg, 0.1 mmol) (pn = diaminopropane)
and 2,5,5,7-tetramethyl-1,4-diazepane (tmda, 15.6mg, 0.1mmol).
The resultant solution was slowly and naturally diffused at
room temperature. Crystals of the title compound were
obtained within one week.

Experimental details

The structure was solved using Direct Methods, which
yielded the positions of all non-hydrogen atoms. All the
hydrogen atoms were placed in calculated positions with
fixed isotropic thermal parameters. The Uiso values of the
hydrogen atoms of methyl groups were set to 1.5Ueq(C) and

Table : Data collection and handling.

Crystal: Yellow block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: BRUKER [], SHELX [, ], Diamond []
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the Uiso values of all other hydrogen atoms were set to
1.2Ueq(C, N).

Comment

Similar substances to the title compound have been syn-
thesized [5, 6], which exhibited three-dimensional struc-
tures formed by connections of polyoxovanadium clusters
with [Cu(1,2-pn)2]2+ groups.

X-ray crystal structural analysis reveals that the asym-
metric unit of the title structure contains one half of a
[Cu(1,2-pn)2(H2O)2]2+, one half of a [V10O26]6−, one 2,5,5,7-tetra-
methyl-1,4-diazepane-1,4-diium, [tmda]2+ and two water mole-
cules (see the figure; water molecules were omitted). The
central Cu(II) atom displays a six-coordinate octahedral coor-
dination geometry by coordinationwith four nitrogen atoms of
1,2-pn, and two oxygen atoms of water.

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

C . () . () −. () . ()
HC . . −. .*
HD . . −. .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HC . . . .*
HD . . . .*
HE . . . .*
C . () . () . () . ()
HC . . . .*
HD . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . −. . .*
HB . . . .*
HC . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
Cu . . . . ()
N . () . () −. () . ()
HA . . −. .*
HB . . −. .*
N . () . () . () . ()
HA . . . .*
HB . . . .*
N . () . () . () . ()
HA . . . .*
HB . . . .*
N . () . () . () . ()
HA . . . .*
HB . . . .*
O . () . () −. () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

OW . () . () . () . ()
HWA . () . () . () .*
HWB . () . () −. () .*
O . () . () . () . ()
OW . () . () . () . ()
HWA . () . () . () .*
HWB −. () . () . () .*
O . () . () . () . ()
OW . () . () . () . ()
HWA . () . () . () .*
HWB −. () . () . () .*
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () −. () . ()
O . () . () −. () . ()
O . () . () . () . ()
O . () . () . () . ()
V . () . () . () . ()
V . () . () . () . ()
V . () . () . () . ()
V . () . () −. () . ()
V . () . () −. () . ()
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Themonomers of [Cu(1,2-pn)2(H2O)2]2+, [V10O26]6−, [tmda]2+

and water molecules are connected through intermolecular
hydrogen bonds to form a three-dimensional structure.
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