1828

axial bond length Cu—S = 2:635 (2) A and Cu-O =
2:554 (4) A. The short Cu—S bond distance in the
present complex and the strong distortion of the
basal plane show clearly that the ligand Lpy, adopts
a rather strained conformation. [CuLpy,]** has the
crystallographically required mirror symmetry. But
C(7), C(8), and to a much lesser extent C(9) are
statistically  disordered, manifested by large aniso-
tropic thermal parameters approximately rectangular
to their respective chelate rings. One has to assume,
therefore, that the conformation of the chelate rings
is either AAA or 688. The macrocycle then adopts the
[333] conformation. A similar situation is frequently
observed for 1,4,7-triazacyclononane complexes
(Driieke, Wieghardt, Nuber & Weiss, 1989).
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[Cu(C,3H,4N,S)|(Cl1O,),
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Abstract. [CIJ(C8H6N4)2(H20)](PF6)2’2H20, M, =
723-84, monoclinic, /¢, a=18862(2), b=
7699 (1), c=17-090 2) A, B =9544(2)°, V=

24706 (5) A%, Z=4,D,=195gcm ™3, Mo K, A =
0-71069 A, w©=109cm™', F000)= 1444, T=
298 K, final R=0-039 and wR=0-039 for 1833
reflections with 7> 3¢/(7). The compound is formed
by [Cu(2,2’-bipyrimidine),(H,O)** cationic units,
uncoordinated PF,~ anions and crystallization water
molecules. The Cu atom is coordinated to four N
atoms of two bipyrimidine molecules and to an O
atom of a water molecule in a distorted trigonal
bipyramidal geometry. The bipyrimidine acts as a
bidentate ligand.

0108-2701/90/101828-03$03.00

Introduction. Polynuclear complexes, which contain
ligands able to act as bridges between paramagnetic
centers, have been studied during the last two
decades in order to correlate structure and magnetic
properties (Gatteschi, Kahn & Willett, 1985). The
2,2"-bipyrimidine ligand (bpm) is able to form mag-
netically coupled systems and, for this reason, par-
ticular attention was devoted to the synthesis of their
metal complexes (Brewer & Sinn, 1985; Brewer,
Murphy & - Petersen, 1987, Kaim & Kholmann,
1987). Fe and Cu" bipyrimidine (bpm) mixed com-
plexes have been studied as models for binuclear
metalloenzyme centers (Petty, Welch, Wilson,
Bottomley & Kadish, 1980). We examined the

© 1990 International Union of Crystallography
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behaviour of this ligand with CulX, salts and we
found that different complexes may be obtained. The
bpm can act as a bis-bidentate ligand with CuX; salts
when X = Cl, Br, NO;, NCS or NCO (De Munno &
Bruno, 1984; Julve, De Munno, Bruno & Verdaguer,
1988; De Munno, Bruno, Julve, Verdaguer & Real,
1990). In this case all N atoms are involved in metal
coordination, the bpm acting as a molecular bridge,
and polymeric compounds were obtained. Alter-
natively the bpm can act as a bidentate ligand when
X =SCN leading to a linear-chain compound (De
Munno et al., 1990). Three different complexes, a
mononuclear, a binuclear and a one-dimensional
chain, can be isolated when X = ClO, (De Munno,
Bruno, Dapporto, Julve & Verdaguer, 1988). In the
mononuclear compound bpm is bidentate, whereas it
is bis-bidentate in the dimeric and the polymeric
ones, but in two different ways from those previously
reported. In an attempt to study the influence of
the counterion X on the resulting structure and
consequently on the magnetic properties in Cu''-bi-
pyrimidine complexes, we synthesized the [Cu(H,O)-
(bpm),}J(PF¢),.2H,0 complex. Its structure is
reported herein and compared to that of the parent
[Cu(H,0)(bpm),)(Cl0O,),.2H,0O complex.

Experimental. All the starting products were pure
reagents and used as received. 2 mmol of KPF,
dissolved in a minimum amount of water were added
to an aqueous solution (30 ml) of 1mmol of
Cu(NO»),.3H,0 and 1 mmol of bpm. Green powder
and polyhedral blue crystals are obtained as products
by slow evaporation at room temperature. Analytical
data (C, H, N and P) support formulae [Cu,-
(CsHgNL);l(PFg), and [Cu(CgHgN,):](PF)..3H,0 for
green and blue solids respectively.

A rhombic blue crystal of 0-12 x 0-15 x 0-11 mm
was used for intensity data collection. Accurate unit-
cell dimensions and the crystal orientation matrix
were obtained from least-squares refinement of 20
strong reflections in the 14 < 26 < 30° range. Philips
four-circle diffractometer, w—26 scan technique,
graphite-monochromated Mo Ka radiation, scan
range 20 =3-50° (Id<h=<14, Td<k=<14,0=</=<
8). No systematic loss of intensity of three standard
reflections (362, 223, 314) was observed during data
collection. Assuming P1 symmetry, 4302 reflections
were measured (3907 unique), and Lorentz and
polarization corrections applied to the intensity data,
absorption and extinction corrections being ignored.
Symmetry was checked by means of the Le Page
method (Spek, 1988) which revealed a monoclinic
cell. Assuming the spatial group I2/c, 1978 reflections
were unique, Ri, = 0-019. The structure was solved
by Patterson and Fourier techniques; 1833 reflections
having I > 3o(I) were used to refine 191 parameters
by a full-matrix least-squares procedure, 2w(|F,| —
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|F.))*> minimized. All non-H atoms were refined
anisotropically, while H atoms of the water mol-
ecules and other H atoms, from AF map and calcu-
lated positions respectively, were included with a
common thermal parameter. Final R =0-039, wR =
0-039, unit weights were used, S = 2-267, max. 4/a =
0-003, max. and min. 4p excursions in AF synthesis
0-58 and 0-15e A ™3 respectively. Scattering factors
for non-H atoms from International Tables for X-ray
Crystallography (1974), and for H atoms from
Stewart, Davidson & Simpson (1965). Anomalous-
dispersion corrections (International Tables for X-ray
Crystallography, 1974). All calculations were per-
formed with SHELX76 (Sheldrick, 1976) and the
PARST (Nardelli, 1983) set of programs on the
VAX/VMS computer of the Universita della Cala-
bria and IBM 3090/120S computer of the Universita
di Messina.

Discussion. Final atomic coordinates and equivalent
isotropic temperature factors are listed in Table 1,
bond lengths and angles in Table 2, possible hydro-
gen bonds in Table 3.* The Cu atom is in a penta-
coordinate geometry, being bonded to N atoms of
two bpm ligands that act in a bidentate fashion, and
to an O atom of a water molecule as shown in Fig. 1.
A C, symmetry operation around the Cu—O(1) axis
produces the second bpm molecule (symmetry code:
—x, y, 1 —z). This forms with the first molecule a
dihedral angle of 104-4 (1)°. The structure is similar
to those reported for the Cu-bipyridine complexes
(Harrison, Kennedy, Power, Sheahan & Hataway,
1981). The structure of the title compound is similar
to one of formula [Cu(H,0)(bpm),](ClO,),.2H,0,
that we have previously studied (De Munno et al.,
1988); the N(1)—Cu—O(1) and N(la)—Cu—O(l)
angles are different from the corresponding ones in
the Cu"-bipyridine compounds. In fact, for such a
family of complexes a distortion towards a square-
based pyramidal geometry was observed, the O atom
tending to occupy the apical position, whereas in the
2,2’-bipyrimidine parent complexes a distortion in
the opposite direction occurs. The Cu—O(1) distance
is 1982 (5)A and the N(1)>—Cu—O(1) angle is
128:6 (1)° [the corresponding values in the Cu-bi-
pyrimidine perchlorate compound are 1:972(5) A
and 130-0 (1)°]. The N(1), N(3), Cu and N(3a) atoms
are in a planar arrangement in both complexes. This
plane forms with the N(1), Cu, N(la), O(1) plane a
dihedral angle of 97-5(1)°. Bond distances and
angles in the bpm ligand are close to those found in

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52995 (14 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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Table 1. Fractional atomic coordinates (* 10*) and

equivalent isotropic (Hamilton, 1959) thermal param-
eters (A% x 10°) for non-H atoms

x y z U,

eq
Cu 0 959 (1) 2500 30 (1)
N(1) 666 (1) 2644 (4) 3178 (2) 29 (1)
NQ) 823 (2) 3812 (4) 4472 2) 36 (1)
NQ@3) —495 (1) 997 (4) 3481 (2) 29 (1)
N(4) -382(2) 1963 (4) 4805 (2) 35(1)
) 1213 2) 3593 (5) 2973 (2) 37(1)
@) 1574 (2) 4707 (5) 3497 (2) 42 (1)
cB3) 1369 (2) 4747 (5) 4253 2) 40 (1)
C(4) 488 (2) 2836 (5) 3917 2) 28 (1)
C(5) -163 (2) 1878 (5) 4089 (2) 29 (1)
C(6) ~981 (2) 1103 (6) 4913 (2) 39 (1)
%)) - 1362 (2) 181 (6) 4324 (2) 40 (1)
C(8) -1099 (2) 147 (5) 3597 (2) 36 (1)
o) 0 ~1615 (6) 2500 55 (2)
oQ) -376 (2) -3572 (5) 3709 (2) 53(1)
P(l) —2496 (5) —4675 (2) 3642 (6) 38 (1)
F(I) —2856 (2) — 6028 (4) 4158 (2) 81 (1)
F(2) -2502 (2) — 5863 (5) 2897 (2) 83 (1)
F(3) -2108 (2) —3287 (5) 3154 2) 98 (2)
F(4) —2445 (2) —3386 (4) 4358 (2) 81 (1)
F(5) -3263 (2) —3870 (5) 3361 (2), 89 (1)
F(6) -1741 (2) — 5484 (5) 3892 (2) 83 (1)

Table 2. Bond lengths (A) and interbond angles (°)

Cu—N(l) 2080 (3) C5—N@)  1345(@)
Cu—N@) 1994 (3) N@)—C(6)  1-338 (5)
Cu—0(1) 1982 (5) CE—C() 1378 (5)
N()—C(1) 1339 (5) CH—C® 1382 (5)
C)—C2) 1373 (5) CE—N(3)  1:345(5)
CQ—C(3) 1383 (6) P(—F(1).  1-560 (3)
COI-N(@)  1:340 (5) P()—F(Q2)  1:565(3)
NQ)—C@) 1324 (4) P(h—F(3)  1:577(4)
C@)—N(1) 1344 (4) P()—F@) . 1:570 (3)
C@)—C(5) 1486 (5) P()—F() 1606 (3)
C(5—N@) 1330 (4) P()—F@6) 1576 (3)
N(1)—Cu—O0(1) 1286 (1) C(6)—C(—C(®) 1174 (4)
N()—Cu—N(la) 1028 (1) C(—CE—NG) 1204 (3)
N(1)—~Cu—N(3a) 98-8 (1) CE-NG3)—C()  1181(3)
N(1)—Cu—N(@3) 80-1 (1) C(8)—N(3)}—Cu 1260 (2)
O(1)—Cu—N(3) 90-8 (1) C(5—N(3)—Cu 1158 (2)
NG@)—Cu—NQGa) 1783 (1) F(1)—P(1)—F(2) 927 2)
Cu—N(1)—C(1) 1294 (2) F(1)—P(1)—F(5) 900 (2)
Cu—N(1)—C(4) 1136 (2) F(1)—P(1)—F(4) 889 (2)
CU)—N(1)—C@d) 1169 (3) F(1)—P(1)—F(6) 908 (2)
N()—C(1)—C(2) 1211 (3) F(1)—P(1)—F(3) 1774 (2)
C(1y—C)y—C(3) 1173 (4) F(Q—P(1)—F(5) 871 2)
C—CBNQ@) 1227 (4) F()—P(1)}—F(4) 1755 (2)
CBY—NQ—C@) 1156 (3) F(2)—P(1)—F(6) 912 (2)
NQE—CE—N(1) 1263 (3) F(2—P(1)—F(3) 89-4 (2)
N()—C@)—C(5) 1145 (3) F(5)—P(1)—F(4) 887 (2)
NQ—C@A)—C(5) 1191 (3) F(5)—P(1)—F(6) 1782 (2)
C@)—C(5—N@)  1195(3) F(5—P(1)—F(3) 917 (2)
C@—C(5—N(3)  1155(3) F(4)—P(1)—F(6) 930 (2)
N@)—C()—N@) 1250 (3) F(4—P(1)—F(3) 892 (2)
C5—N@)—C6) 1163 (3) F(6)—P(1)—F(3) 876 (2)
NA4—C@6)—C(T) 1229 (3)

the series Cuy(bpm)X, (X =Cl, Br, NO;, NCO or
NCS). The differences occur because the bpm ligand
acts in a bidentate fashion in the PF4 and ClO,
compounds and in a bis-bidentate fashion in the
other complexes. So N(2)—C(4)—C(5), N4)—
C(5)—C(4) angles are larger than N(1)—C(4)—C(5)
and N(3)—C(5)—C(4). The bipyrimidine rings are

[Cu(C8H6N4)2(H20)](PF6)2-2H20

Tabie 3. Bond distances (A) and angles (°) of possible
hydrogen bonds (B:--H—A).

B-H-A B-A B-H H-4  B-H-4
O(—H(lwy~0(2)  2705(4)  194(5)  101(1)  174(5)
O —H(Bwy~F(6)  3007(5)  231(5)  101(1) 159 (5)

Fig. 1. View of the [Cu(H,O)(CsHgN4)a(PFo),.2H,0 complex.

planar, forming a dihedral angle of 6-7 (1)° [6-2 (1)°
in the analoguous ClO, compound].
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