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The title compound, [ZnBr2(C15H26N2)], when synthesized

starting from Zn0, is obtained in two polymorphic forms, one

belonging to space group P212121 and one to P1. The present

contribution deals with the triclinic phase, which is isostruc-

tural with the orthorhombic form but presents a larger metal±

metal intermolecular separation; the Zn� � �Zn distance is

7.4715 (6) AÊ for the triclinic polymorph as opposed to 6.534 AÊ

for the orthorhombic polymorph.

Comment

The correlation between the tetrahedral coordination of the

CuII ion in type 1 blue copper proteins and some unique

spectroscopic features reported for these proteins is a well

established fact (Krishnan, 1978; Colman et al., 1978; Solomon

et al., 1992; Holland & Tolman, 2000). Some well studied

examples are the intense absorption observed in electronic

spectra near 600 nm (" ' 5000 Mÿ1 cmÿ1) and the small Cu

hyper®ne splitting observed in electron paramagnetic reso-

nance (EPR) spectra (A// < 70 � 10ÿ4 cmÿ1, which is less than

half the value observed in common CuII coordination

complexes).

In this context, numerous CuII complexes containing spar-

teine as a ligand have been synthesized, with the hope of

accurately modeling the spectroscopic and structural features

of the catalytic centers of these proteins (Boschmann et al.,

1974; Choi et al., 1975; Kim et al., 2001). For the X-ray-char-

acterized complexes, the expected distorted tetrahedral

geometry has been observed in most cases, although the

spectroscopic characteristics of these complexes did not

always ®t correctly with those of the proteins (Childers et al.,

1975; Lopez et al., 1998; Choi et al., 1995; Lee et al., 2000).

While working with this class of compounds, we prepared by

direct synthesis a series of complexes with the general formula

M(SP)X2, where SP is the naturally occurring (ÿ)-sparteine

ligand, X is Cl or Br, and M is CuII or ZnII. The CuII complexes

are used for modeling the active site of type 1 blue copper

proteins (structurally and spectroscopically), while the ZnII

complexes are used as diluting agents for measuring the

hyper®ne, and eventually the super-hyper®ne, coupling by

EPR on powdered samples. To validate the EPR, isostruc-

turality between Cu and Zn complexes has ®rst to be estab-

lished by X-ray diffraction. In the case of X = Br, both metals

yielded two isostructural polymorphic crystalline phases, one

in space group P1 and one in P212121, when a direct synthesis

was used, i.e. using metallic copper or zinc as a starting

material (see Experimental). The Zn complex described here,

(I), corresponds to the triclinic polymorph of Zn(SP)Br2. The

orthorhombic phase, which is synthesized using zinc(II)

bromide as a starting material, was reported recently by Lee et

al. (2002).

The molecular structure of (I) is, within the experimental

s.u. values, identical (Fig. 1) to that of the reported orthor-

hombic phase. The r.m.s. deviation between the two structures

is 0.0362 AÊ (excluding H atoms). The largest observed

deviation for the ®t, 0.082 AÊ , arises for the Br atoms.

In contrast, the symmetry change induces dramatic differ-

ences in the packing structures. The orthorhombic phase is

stabilized through two intermolecular contacts involving both

the Br atoms and the methylene or methine H atoms of SP

ligands of symmetry-related molecules, viz. ZnÐBr1� � �H15Bi

[contact = 2.91 AÊ and angle = 156�; symmetry code: (i) 1
2 ÿ x,

1 ÿ y, ÿ 1
2 + z] and ZnÐBr2� � �H7ii [contact = 2.93 AÊ and

angle = 160�; symmetry code: (ii) 1
2 ÿ x, ÿy, ÿ 1

2 + z]. The

Br� � �H separations are then 0.14 and 0.12 AÊ shorter, respec-

tively, than the van der Waals distances. This arrangement

generates layers of connected molecules, with the layers lying

normal to the a axis of the orthorhombic cell (Fig. 2).

In the case of (I), the only operators available to connect

molecules are axis translations. A single short Br� � �H contact

is observed (Table 1), which corresponds to a relatively weak
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Figure 1
The structure of (I) with displacement ellipsoids at the 40% probability
level. The numbering scheme is identical to that adopted by Lee et al.
(2002) for the orthorhombic phase.
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interaction, with a difference from the van der Waals distance

of 0.06 AÊ ; the resulting network of interconnected molecules is

one-dimensional (Fig. 3). Because of these weak contacts, the

packing index (Spek, 2003) is lowered from 0.683 for the

orthorhombic phase to 0.681 for (I). This less ef®cient packing

for (I) is con®rmed by an analysis of the intermolecular H� � �H
contacts. The shortest contact observed for the orthorhombic

phase is H3A� � �H11Biii [2.40 AÊ ; symmetry code: (iii) 1 + x, y,

z], i.e. a separation equal to the van der Waals distance.

However, for (I), the shortest H� � �H separation is 2.32 AÊ

(Table 1), which corresponds to an actual H� � �H contact

(Fig. 3).

Finally, the metal±metal separations are signi®cantly

affected by the symmetry. The observed Zn� � �Zniv distance is

6.534 AÊ [symmetry code: (iv) 1
2 + x, 1

2 ÿ y, ÿz] in the orthor-

hombic case, while the Zn� � �Znv distance is 7.4715 (6) AÊ

[symmetry code: (v) 1 + x, y, z] for (I). This difference of ca

1 AÊ is unimportant for the ZnII-based compounds but essen-

tial for the corresponding CuII-based compounds that are

intended for modeling. Considering that the metal centers

should be magnetically isolated in the native proteins, the

triclinic phase seems to be a more suitable magnetic model

than the orthorhombic one.

Experimental

Equimolar amounts of zinc (0.123 g), CBr4 (0.626 g) and (ÿ)-spar-

teine (0.433 ml) were mixed in dimethyl sulfoxide (5.376 ml). The

mixture was heated at 333 K for 30 min and then ®ltered. The ®rst

crop of crystals was collected after 2 d (0.219 g, yield 25.3%, m.p.

566 K). These crystals exhibited a characteristic hexagonal plate habit

and were identi®ed as (I). Further crystallization produced small

quantities of the orthorhombic polymorph, which can be distin-

guished from (I) on the basis of its quite isotropic block habit.

Crystal data

[ZnBr2(C15H26N2)]
Mr = 459.57
Triclinic, P1
a = 7.4715 (6) AÊ

b = 7.7082 (7) AÊ

c = 9.1435 (6) AÊ

� = 97.429 (6)�

� = 112.808 (5)�


 = 110.666 (6)�

V = 432.02 (7) AÊ 3

Z = 1
Dx = 1.766 Mg mÿ3

Mo K� radiation
Cell parameters from 84

re¯ections
� = 5.0±13.0�

� = 6.04 mmÿ1

T = 296 (1) K
Prism, colorless
0.60 � 0.24 � 0.16 mm

Data collection

Bruker P4 diffractometer
2�/! scans
Absorption correction:  scan

XSCANS (Siemens, 1996)
Tmin = 0.254, Tmax = 0.381

4908 measured re¯ections
4908 independent re¯ections
4244 re¯ections with I > 2�(I )

Rint = 0.048
�max = 30.0�

h = ÿ9! 10
k = ÿ10! 10
l = ÿ12! 12
3 standard re¯ections

every 97 re¯ections
intensity decay: 1%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.040
wR(F 2) = 0.097
S = 1.04
4908 re¯ections
182 parameters
H-atom parameters constrained
w = 1/[�2(F 2

o) + (0.0364P)2

+ 0.6283P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.53 e AÊ ÿ3

��min = ÿ0.77 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0083 (17)
Absolute structure: Flack (1983);

2436 Friedel pairs
Flack parameter = ÿ0.016 (13)

Figure 2
One layer of interconnected Zn(SP)Br2 molecules in the packing
structure of the orthorhombic polymorph, viewed down the a axis. Nine
molecules are represented. The capped sticks representation of the
bottom molecule shows the numbering scheme for non-C atoms, and H
atoms not involved in the network have been omitted for clarity. For the
remaining molecules, atoms Br1, Br2, H7 and H15B that connect
molecules are represented as van der Waals radii spheres (CCDC, 2002),
making obvious the two-dimensional character of the network. For
clarity, the labeled molecule is at the equivalent position (x, ÿ1 + y,
1 + z).

Figure 3
The packing structure for (I), viewed down the a axis. As in Fig. 2, nine
molecules are represented, one of which (bottom left) includes labels for
non-C atoms. The retained H atoms are those that give short non-bonding
H� � �H intermolecular contacts. For the remaining molecules, atoms Br2
and H8A that connect molecules are represented as van der Waals radii
spheres (CCDC, 2002), while dotted lines join H atoms that participate in
the H� � �H contacts network (see Table 1). For clarity, the labeled
molecule is at the equivalent position (x, y, 1 + z).



H atoms were treated as riding atoms, with CÐH distances of 0.97

(CH2) or 0.98 AÊ (CH).

Data collection: XSCANS (Siemens, 1996); cell re®nement:

XSCANS; data reduction: XSCANS; program(s) used to solve

structure: SHELXTL-Plus (Sheldrick, 1998); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL-Plus and MERCURY (CCDC, 2002); software used to

prepare material for publication: SHELXL97.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GD1241). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected intermolecular contacts (AÊ ).

Br2� � �H8Ai 2.99
H3A� � �H17Bii 2.32

H5A� � �H13Biii 2.32
H10B� � �H17Aiv 2.39

Symmetry codes: (i) xÿ 1; y; zÿ 1; (ii) x; y; zÿ 1; (iii) xÿ 1; yÿ 1; zÿ 1; (iv)
x; 1� y; z.


