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shorter than that of Os—C(1) [1.82(2)A]. The
Os—C(2) bond is strengthened by a strong electron
donor in the trans position. Two Os—I bond lengths
[2.698 (2), 2.705 (3) A] are relatively short compared
with that of other Os complexes. To our knowledge
these are among the shortest Os—I bond lengths
reported in the literature. We previously reported the
crystal structure of Os(CO);[NH,C(CH,)]1, in which
the ligands are also in a cis orientation to Os—1I with
distances of 2.735 (1) and 2.736 (1) A (Lu, Chen, Lin
& Peng, 1988). The structural difference between the
two molecules is that, in (2), a triphenylphosphine
ligand which is a better o donor, replaces one of the
carbonyl ligands of Os(CO);(NH,-iPr)I,. This causes
remarkable shortening of the Os—I distance. There-
fore the electronic effect is likely to be a key factor in
determining the bond length. The shortest Os—I
distance of 2.662 A is found in tetraphenylarsonium
nitridotetraiodoosmate(VI) which bears a negative
charge on the Os metal center and has the same cis
orientation for the I ligands (Phillips, Skapski &

Acta Cryst. (1992). C48, 3540

Withers, 1975). In our case, complex (2) is a neutral
compound. Studies on the relationship between the
Os—I distance and the Os coordinated environment
are underway.

This work was supported by the National Science
Council, Taiwan.
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Abstracts.  (I)  [Cuy(FBF3),(OH),(C1oHoN3)],
CyoHoB,Cu,FsNO,, M, =677.11, triclinic, PI,
a=9686(2), b=9429(2), c=7414(3)A, a=

69.90 (1), B=97.53(2), y=106973), V=
60797 3)A3, z=1, D,=1704), D.=
1.85Mgm >, A(Mo Ka) =0.71069 A, p =

1.781 mm~!, F(000) = 338, room temperature. (II)
[Cux(OH),(H,0)(C,0HoN3),]JCL.2H0,  CyoHCus-
NeO3%*.2C1".2H,0, M, =628.47, orthorhombic,
Cmc2,, =15.675 (3), b =8.563 (1), c=
18.115(3) A, ¥=243149A3 z=4, D, =1.67(5),
D,=1717Mgm3, A(Mo Ka)=0.71069 A, u =
1.946 mm ™!, F(000) = 1280, room temperature. With
1750 and 1045 unique reflections R=0.0474 and
0.0309 for (I) and (II), respectively. Both complexes
contain a dinuclear [(dpyam)Cu(OH),Cu(dpyam)]**
unit, dpyam = 2,2’-bipyridylamine, with near planar
CuN,O, chromophores. In (I) the centrosymmetric
dinuclear unit is approximately planar, but each

0108-2701/92/010035-06503.00

CuN,0, chromophore has a tetrahedral twist,
dihedral angle 24.0°. An F atom from a monodentate
[BF,]~ anion completes a distorted square pyramidal
CuN,0,F chromophore with a Cu—F distance of ca
2.745(7) A. In (II) the dinuclear unit has a roof-top
structure (140.6°), with an additional single water
molecule bridging both copper(Il) cations at a
Cu—O’ distance of 2.419 (5) A, to give a square
pyramidal CuN,0,0" chromophore. The Cu—Cu
distances are 2.919 (5) and 2.799 (1) A in (I) and (II),
respectively. Both (I) and (II) are ESR silent, but
while the room-temperature magnetic moment of (I)
is normal (0.90 BM) that of (II) is slightly low
(1.75 BM).

Introduction. Copper metal reduction of the [Cu'-
(dpyam),][BF,], complex, by refiuxing in air in aceto-
nitrile solution then reoxygenation in air, yields steel-
blue crystals of [Cu",(dpyam),(OH),(FBF;).], (I)

© 1992 International Union of Crystallography
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Table 1. Refinement data

D
Molecular formula
Measured reflections

[Cuz(OH)(FBF;),(dpyam),]
1784

D
[Cuz(on)z(Hzom%yam)z]cb.zﬂzo

Unique reflections used (N) 1759 1045
Number of parameters (NP) 216 170
NINP 8.15 6.15
Number of anisotropic atoms 23 21
Final weighting: k, g* 1.00, 0.00053 2.136, 0.0000
R 0.0474 0.0309
wR 0.0517 0.0338
Max. final shift/e.s.d. 0.001 0.001
Max. and min. residual 0.40, —0.53 0.52, —0.38

electron density (e A7)

*w = klo(F) + g(E) ™.

(Wu, 1988). The copper metal reduction in air of
[Cu™(CI)(dpyam),]Cl in acetonitrile solution yields
blue needles of [Cu™(COs)(H,O)(dpyam)].2H,0O
(Akhter, Fitzgerald & Hathaway, 1991), but in CO,-
free air yields purple crystals of [Cu}(OH),-
(H,0O)(dpyam),]Cl,.2H,O (II). As both complexes
suggest evidence for the formation of the OH ™ anion
by the reoxygenation in air of these copper(I) com-
plexes in solution, the X-ray crystal structures of (I)
and (II) are reported.

Experimental. [Cu(dpyam),][BF,],, (4), was pre-
pared by adding 20 ml of a boiling methanol solution
of [Cu(OH,)¢][BF.], (0.35 g, 1.0 mmol), to 20 ml of a
hot methanol solution of dpyam (0.35 g, 2.0 mmol).
On slow evaporation (4) was deposited as purple
crystals. 0.58 g (1.0 mmol) of (4) were dissolved in
25 ml of acetonitrile and 0.3 g of copper metal plate
added. The solution was refluxed for 15h in air.
When the colour changed from green to pale yellow,
removal of the heat source resulted in a reversal of
the colour change and deposition of steel-blue crys-
tals of (I). Found: C, 35.62; H, 2.82; N, 12.45; Cu,
18.20%. Calculated for ConzoBzCUngN(,Oz: C,
3547, H, 2.96; N, 12.42; Cu, 18.77%. (II) was pre-
pared by reoxygenation of [Cu'(dpyam),]Cl, (B),
which was prepared from a hot ethanol solution of
dpyam (0.35 g, 2.0 mmol), Cu(O,CH),.3H,0 (0.21 g,
1.0 mmol), NH,OH.HCl (0.20g, 2.88 mmol) in
water (60ml) and 1ml of concentrated 0.88
aqueous ammonia. The green solution was heated to
boiling, when it turned yellow, flushed with nitrogen
and stoppered. After six days orange/red diamond-
shaped crystals of (B) were deposited. Found: C,
54.45; H, 4.62; N, 19.00; Cu, 13.88; Cl, 7.43%.
Calculated for C,oH,sCICuNg: C, 54.41; H, 4.12; N,
19.04; Cu, 14.39; Cl, 8.03%. 0.4 g (0.91 mmol) of (B)
were dissoved in a 1:1 mixture of water and ethanol,
heated with stirring in air and the resulting green
solution flushed with methane gas and stoppered.
After 5d a crop of dark purple crystals of
[Cu3(OH),(H,0)(dpyam),]Cl,.2H,0 (II) were depos-

ited. Found: C, 38.07; H, 4.19; N, 13.05; Cu, 20.27;
Cl, 11.14%. Calculated for CuyH,sCl,Cu,NgOs: C,
38.22; H, 4.18; N, 13.37; Cu, 20.22; Cl, 11.28%.

The structure analyses of (I) and (II) are sum-
marized in Table 1. The unit-cell dimensions (25
reflections) and intensities 8 3-25° were measured on
a Philips PW 1100 four-circle diffractometer, with
graphite-monochromatized Mo Ke radiation. w260
scan mode with a constant scan speed of 0.05°s™!
and a variable scan width of (0.70 + 0.10tan6)°. With
an acceptance criteria of 7> 2.50(1), 1784 observed
reflections, 1759 unique (4 — 10-10, £ —10-10, / 0-8)
for (I) and 1075 observed reflections, 1045 unique (%
0-18, k£ 0-10, / 0-21) for (II) were retained. Lorentz
and polarization corrections were applied, but no
correction was made for absorption. The structures
were solved using three-dimensional Patterson and
Fourier techniques and refined by full-matrix least-
squares minimization of >w(|F,|— |FJ)%. Aniso-
tropic temperature factors were refined for all non-H
atoms. The [BF,]~ anion in (I) was refined as a
disordered unit. Calculated H-atom positions were
used, with fixed C—H and N—H bond lengths of
1.08 A and a fixed U, of 0.07 A% H atoms rode on
the associated C, N or O atoms. Refined weighting
scheme with w= k/[c*(F,) + g(F,)’] "' (see Table 1
for final £ and g values). Complex neutral-atom
scattering factors for non-H atoms (Cromer &
Waber, 1974). Absolute structure not determined for
(II). All calculations were carried out with SHELX76
and SHELXS86 (Sheldrick, 1976, 1986), XANADU
(Roberts & Sheldrick, 1979), CHEM-X (Davies,
1980) and PUBTAB (Hendrick, 1980) on the UCC
mainframe IBM 4341 and VAX 11/780 or 6310
computers. The final non-H-atom coordinates are
given in Table 2.* Bond lengths and angles are given

* Lists of structure factors, anisotropic thermal parameters,
calculated H-atom coordinates and mean-plane data have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 54538 (24 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 2. Fractional atomic coordinates and thermal
parameters (A?) with e.s.d.’s in parentheses

Ug=(113)2.2,U,;,a*a*aa,

x y z U., (A%
M
Cu(l) 0.02566 (4) 0.34511 (4) 0.06215 (6) 0.0325 (3)
o(1) —0.0822 (3) 0.4555 (3) 0.1349 (4) 0.051 (1)
N(I) —0.0824 (3) 0.1342 (3) 0.2181 (4) 0.044 (1)
(1) -0.2152 (4) 0.1196 (4) 0.2742 (6) 0.052 (2)
CQ) —0.3054 (4) —0.0184 (5) 0.3736 (6) 0.056 (2)
C3) —0.2598 (5) —0.1542 (4) 0.4207 (6) 0.054 (2)
C@) —-0.1284 (4) -0.1431 4) 0.3671 (5) 0.048 (2)
C(5) —0.0418 (4) 0.0017 (4) 0.2650 (5) 0.045 (2)
N@3) 0.0903 (4) 0.0046 (4) 0.2136 (5) 0.050 (2)
C(6) 0.2016 (4) 0.1234 (4) 0.1149 (5) 0.049 (2)
Cc 0.3279 (4) 0.0854 (5) 0.1020 (6) 0.058 (2)
C@®) 0.4387 (4) 0.1945 (5) —0.0007 (6) 0.065 (2)
C©9) 0.4239 (4) 0.3458 (5) —0.0928 (7) 0.067 (2)
C(10) 0.3009 (4) 0.3768 (4) -0.0716 (7) 0.059 (2)
N(2) 0.1878 (3) 0.2686 (3) 0.0310 (4) 0.045 (1)
B(1) 0.2352 (5) -0.3676 (6) 0.3618 (7) 0.057 (3)
F(1)* 0.2555 (9) —0.4749 (10) 0.2771 (11) 0.112 (5)
FQ2)* 0.1429 (8) —-0.2857 (7) 0.2425 (12) 0.097 (5)
F(3) 0.3612 (4) -0.2876 (5) 0.4186 (7) 0.134 (3)
F(4)* 0.1503 (13) -0.4576 (11) 0.5114 (11) 0.146 (7)
F(5)t —0.1299 (10) 0.3142 (13) —0.4212 (18) 0.130 (8)
F(6)t —0.2309 (14) 0.2879 (12) —0.1722 (12) 0.115(7)
F(Dt —0.2040 (13) 0.5091 (8) —0.4185 (30) 0.161 (11)
(n
Cu(l) 0.41071 (4) 0.30885 (7) 0.79523 (10) 0.0276 (3)
CK1) 0.0000 0.3167 (2) 0.8044 (2) 0.039 (1)
Ci(2) 0.5000 0.1675 (3) 0.0208 (2) 0.056 (1)
N(1) 0.3255 (3) 0.4458 (5) 0.8472 (3) 0.028 (2)
(1) 0.3545 (4) 0.5438 (7) 0.9015 (3) 0.035 (3)
C(2) 0.3036 (4) 0.6275 (8) 0.9473 (4) 0.035 (3)
C@3) 0.2153 (4) 0.6136 (7) 0.9395 (3) 0.035 (3)
C(4) 0.1838 (4) 0.5207 (7) 0.8853 (3) 0.035 (3)
C(5) 0.2409 (3) 0.4373 (6) 0.8389 (3) 0.029 (3)
N@3) 0.2055 (3) 0.3466 (7) 0.7842 (3) 0.035 (3)
C(6) 0.2409 (4) 0.2657 (7) 0.7253 (3) 0.030 (3)
C(7) 0.1840 (5) 0.2089 (9) 0.6730 (4) 0.043 (4)
C@®) 0.2153 (4) 0.1243 (9) 0.6138 (4) 0.045 (4)
C©%) 0.3034 (5) 0.1041 (9) 0.6075 (4) 0.044 (4)
C(10) 0.3551 (4) 0.1645 (8) 0.6608 (3) 0.039 (3)
N@2) 0.3252 (3) 0.2464 (6) 0.7210 (3) 0.031 (2)
o) 0.5000 0.3519 (7) 0.8678 (3) 0.035 (3)
Q) 0.5000 0.1730 (6) 0.7566 (4) 0.034 (3)
03) 0.5000 0.4887 (7) 0.7272 (4) 0.040 (3)
04) 0.5000 0.1956 (8) 0.4891 (5) 0.062 (5)
Q(5) 0.5000 0.4777 (10) 0.5772 (4) 0.077 (5)

* SOF =0.55.
1 SOF = 0.45.

in Table 3. Figs. 1 and 2 illustrate the molecular
structures and atom-numbering schemes for (I) and
(II), respectively.

Discussion. Crystal structure. The structure of
(I) consists of a centrosymmetric dinuclear
[Cu,(OH),(dpyam),)** cation and two weakly coor-
dinating [BF,]™ anions. The cation is approximately
planar with symmetrically bridging OH ~ anions and
terminal chelate dpyam ligands (Fig. 1). The CuN,0,
chromophores are non-planar, with a distinct tetra-
hedral twist, evident from the dihedral angle of 24.0°
between the CuO(1)O(1’) and CuN(1)N(2) planes.
The fifth axial coordination site of each copper(Il)

Table 3. Bond lengths (A) and angles (°)

)]

Cu(1)—O0(1) 1.906 (2) Cu(1)—N(1) 1977 (3)
Cu(1)—N(2) 1.977 3) Cu(1)—Cu(1) 2917 (1)
N(I)—C(1) 1.358 (5) N(1)—C(5) 1.337 (4)
C(1)y—C(2) 1.358 (5) C2)—C(3) 1.392 (6)
C(3—C(4) 1.348 (6) C(4—C(5) 1.389 (5)
C(5)—N(3) 1.373 (5) N(3)—C(6) 1.375 (5)
C(6)—C(7) 1.394 (5) C(6)—N(2) 1.333 (4)
C(7)—C(8) 1.349 (6) C(8)—C(9) 1.395 (6)
C9—C(10) 1.347 (6) C(10Y—N(2) 1.361 (5)
B(1)—F(1) 1.430 (8) B(1)—F(2) 1.380 (7)
B(1)—F(3) 1.335 (6) B(1)—F(4) 1.346 (8)
Cu(1)—0(1) 1.921 (2)

N()—Cu(l)—0(1) 955 (1) NE@)—Cu(1)—0(1) 1614 (1)
N@—Cu()—N(l)  92.7(1) C)—N(1)—Cu(l)  117.22)
Cy—N(I—Cu(l) 1266 (3) C(5)—N(1)—C(1) 116.1 (3)
Cy—C(1)—N(I) 124.2 (4) C3)—C2)—C(1) 118.3 (4)
C(4y—C(3)—C(2) 118.8 (4) C(5)—C(4)—C(3) 119.9 (4)
C(4)—C(5)—N(1) 122.7 (4) NG)—C(5)—N(1) 120.3 3)
NG)—C(5)—C(4) 117.0 (3) C(6)—N@3)—C(5) 1329 (3)
C(7—C(6)—N(3) 117.4 (3) N(2)—C(6)—N(3) 121.2 (3)
N(2)—C(6)—C(7) 1214 (3) C(8)—C(7)—C(6) 120.6 (4)
C(9)—C(8)—C(7) 118.5 (4) C(1)—C(9)—C(8) 118.4 (4)
N@2)—C(10y—C(9)  124.1 (4) C(6—N@)—Cu(l) 1257 (3)
C10—N@)—Cu(l) 117.0 (2) C(10—N@2)—C(6)  117.0 3)
F(2)—B(1)—F(1) 108.3 (5) F(3)—B(1)—F(1) 111.2 (5)
FG)—B(1)—F(2) 118.7 (5) F(4)—B(1)—F(1) 104.8 (6)
F(4)—B(1)—F(2) 100.9 (7) F(4)—B(1)—F(3) 111.6 (6)
Cu(1)—O(—Cu(l’)y 993 (2) I(1)—Cu(1)—O0(1") 80.7 (2)
(Im

Cu(1)—N(1) 2.012 (4) Cu(1)—N(2) 1973 (5)
Cu(1)—O(1) 1.955 (4) Cu(1)—0(2) 1.949 (4)
Cu(1)—0(3) 2.419 (5) Cu(1)—Cu(1) 2.799 (1)
N(I)—C(1) 1.370 (7) N(1)—C(5) 1.337 (7)
C(1)—CQ) 1.356 (9) C(2—C(3) 1.396 (9)
C(3)—C(4) 1.357 (9) C(4)—C(5) 1.420 (8)
C(5—N@3) 1.376 (8) N(3)—C(6) 1.388 (9)
C(6)—C(7) 1.389 (9) C(6)—N(2) 1.334 (8)
C(7)—C(8) 1.384 (11) C(8)—C(5) 1.395 (10)
C(O)—C(10) 1.363 (9) C(10)—N(2) 1.378 (8)
NQ@)—Cu()—N(1)  91.5(2) o()—Cu()—N(l) 929 (2)
NQ@—Cu(1)~N(1)  91.5(2) O()—Cu()—N(1)  92.9 (2)
O(l)—Cu()—N@)  1748(2) o)—Cu()—N(l) 1729 (2)
0Q2)—Cu(—N(@2)  94.7(2) 0Q2—Cu(l)—0(1)  80.8(2)
0B3)—Cu()—N(1)  104.6 (2) 03)—Cu()—N@2)  102.6 (2)
0B3)—Cu(1)—0(1)  79.0 (2) o3)—Cu()—0(2)  77.4 (2)
Cu()—O(1)—Cu(1”)  91.4(3) Cu(1)—0(2)—Cu(l)  91.8 (2)
Cu(1)—0(3)—Cu(1”)  70.7 (2) C()—N()—Cu(l) 1182 (4)
C(5)—N(I)—Cu(l) ~ 125.1 (4) C(5)—N(1)—C(1) 116.3 (5)
C(2)—C(1)—N(1) 124.6 () C3)—C2)—C(1) 118.4 (6)
C(4—C(3)—C(Q2) 119.9 (6) C(5—C(4)—C(3) 119.5 (5)
C(4—C(5)—N(1) 122.1 (5) N@)—C(S)—N(1) 120.7 (5)
NG)—C(5)—C(4) 117.1 (5) C(6)—N(3—C(5) 132.4 (5)
C(7)—C(6)—N(3) 116.2 (6) NQ2)—C(6)—N(3) 120.3 (5)
N(2)—C(6)—C(7) 123.5 (6) C(8)—C(7)—C(6) 119.0 (7)
C(9)—C(8)—C(7) 118.6 (6) C(10—C(9)—C®) 1189 (7)
NQ)—C(10)—C(9)  123.4 (6) C(6)—N@)—Cu(l)  126.7 (4)
C10)—N@)—Cu(l) 116.5(4) C(10—N@2)—C(6)  116.6 (5)

Symmetry code: () —x, =y, =z, ()1 —x, y, z.

ion is occupied by an F atom from one of the two
separate tetrafluoroborate anions, at a Cu(1)—F(1)
distance of 2.745 (7) A, to complete an approximate
square pyramidal CuN,O,F chromophore. However,
the Cu—F distances are too long for even weak
semi-coordination, 2.4 A is the upper limit for such
bonding (Tomlinson, Hathaway, Billing & Nicholls,
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1969). This is reflected in the small displacement of
0.022 A for the Cu(l) atom from the mean N,O,
plane, towards the axial F atom. The CuN,O,
chromophores involve Cu—O distances of 1.906 (2)
and 1.921 (2) A, and Cu—N(1) and Cu—N(2) dis-
tances of 1.977 (3) A. The bridging Cu(1)}—O(1)—
Cu(1’) angle is 99.3 (2)°, significantly greater than
90°, and the O(1)—Cu(2)—O(1’) angle of 80.7 (2)° is
significantly less than 90°. The bite angle of the
dypyam ligands [N(1)—Cu—N(2) 92.7 (1)°] is only
slightly greater than 90°. The Cu—Cu distance is
2919 (5) A. There are no unusual bond lengths or
bond angles in the dpyam ligand (Ray & Hathaway,
1978) (Table 3) and the individual pyridine rings are
essentially planar, r.m.s.d. 0.022 and 0.076 A, respec-
tively. The dpyam ligand is not planar, but involves
an angle of 6.59° between the individual pyridine
rings.

The structure of (II) (Fig. 2) consists of a dinuclear
[Cux(OH),(H,0)(dpyam),]** cation, two Cl~ anions
and an H,O molecule. The cation is located on a
mirror plane through the two bridging OH™ ligands
and the bridging water molecule of the cation. Both

Fig. 1. The molecular structure of [Cu,(OH),(FBF;),(dpyam),] (I)
and the atom-numbering system used.

%0(4)

H(2)

Fig. 2. The molecular structure of [Cu,(OH),(H,O)(dpyam),]Cl..-
2H,0 (II) and the atom-numbering system used.

the Cl~ anion and the non-coordinated H,O mol-
ecule are located on mirror planes, and are not even
involved in semi-coordination to the copper(II)
cations (Procter, Hathaway & Nicholls, 1968). Each
Cu atom involves an essentially planar CuN,O,
chromophore, through the two bridging OH™
ligands and a terminal bipyam ligand. The bridging
water molecule occupies a fifth coordinate position
at a distance of 2.414(6) A, to give two square
pyramidal CuN,0,0’ chromophores. Owing to the
mirror plane there is an angle of 140.6° between the
corresponding CuN,O, planes, to give a roof-top
structure, held in place by the bridging H,O mol-
ecule. The Cu—Cu distance is 2.800(8) A. The
Cu—O distances are not significantly different at
1.957 (4) and 1.947 (3) A, respectively, but the two
Cu—N distances are significantly different at
2.014 (4) and 1.982 (4) A, respectively. The Cu—OH,
distance of 2.414 (6) A is considerably longer than
the four in-plane distances, but is within significant
bonding distance of the Cu atoms [the upper limit
for such bonding is 2.7 A (Procter et al., 1968)]. The
CuN,O, chromphore is planar to within 0.0019 A,
with only a slight tetrahedral twist, 3.91°. The Cu
atom is lifted 0.049 A above the CuN,O, plane
towards the H,O ligand, as is normally found for the
square pyramidal copper(II) stereochemistry (Hatha-
way, 1987).

Structural comparisons. (I) and (II) represent the
first known structures of a dihydroxy-bridged
copper(Il) dimer involving the dpyam ligand (see
Hathaway, 1987, p. 660, Table 43, for a recent sum-
mary). In the known dimer structures, three copper
environments are observed: rhombic coplanar,
CuN,O, (Arcus, Fivizzani & Pavkovic, 1977),
square-based pyramidal, CuN,O,X (Casey, Hoskins
& Whillans, 1970, 1975; McGregor, Watkins, Lewis,
Drake, Hodgson & Hatfield, 1973; Majeste &
Meyers, 1970), and elongated rhombic octahedral,
CuN,O0,X, (Toofan, Boushehri & Ul-Haque, 1976).
Thus the square-based pyramidal CuN,O,F chromo-
phores of (I) are not exceptional and are typical of a
weakly interacting [BF,]™ anion in the fifth ligand
position (Foley, Kennefick, Phelan, Tyagi & Hatha-
way, 1983). However, the marked tetrahedral twist
of the CuN,O, chromophore of (I) (dihedral angle
24.0°) is less usual. The Cu—Cu separation of
2919(5) A is typical of the range previously
observed 2.87-3.00 A (Hathaway, 1987, Table 43).
The dihyroxy-bridged structure or (II), with the
additional longer bonded bridging water molecule, is
a novel structure. The triply bridged dimer is unusual
in copper(Il) chemistry (Hathaway, 1987), but does
occur with Cs;[Cu,Cl,(H,0),] (III) (Vogt & Haas,
1971) involving three bridging Cl~ anions and in
[Cuy(C,sH 14Ng)Cl3(OH)L.1.5H,0 (IV) (Marongiu &
Lingafelter, 1982) involving a short bonded OH™
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bridge, an N, bridge and a longer bonded Cl~ anion
bridge. In (11I) the large bridging Cl~ anions result
in a longer Cu—Cu distance of 3.45 A, significantly
larger than in (II) (2.80 A), while in (IV) a more
comparable distance of 3.00 A is observed. The most
interesting feature of (II) is the roof-top CuO,Cu
angle of 140.6°, introduced into the structure by the
bridging OH, group, but even this significant roof-
top angle also occurs in other dihydroxy-dibridged
copper(II) complexes. In [Cu,(OH),(cyclohexa-
mine),)[ClO,), (Charlot, Jeannin, Jeannin, Kahn,
Lucrece-Abaul & Martin-Frere, 1979) and in
[Cu,(OH),(MeNH,),J[SO,].H,O (litaka, Shimuzu &
Kwan, 1966) roof-top CuO,Cu angles of 147.5 and
132.9°, respectively, span the angle of 140.6° in (II).
The bridging water molecule of (II) is also unusual, it
occurs in [Cu(tsglyH),(4-Mepy),(OH,)], tsglyH = N-
tosylglycinato and  4-Mepy = 4-methylpyridine
(Battaglia, Corradi & Menabue, 1983), with a long
symmetrical bridging OH, group, Cu—O distance of
2.76 A and also in [Cuy(OH,),o][Cu(OH,)][Zr,F;],
(Fisher & Weiss, 1973), where an asymmetric
bridging OH, group occurs, with Cu—O distances of
1.96 and 2.66 A, respectively.

Spectroscopic properties. The infrared spectrum of
(I) has two sharp peaks at 3340 and 3580 cm ™!, the
latter is associated with the bridging OH ™ group and
the former with F—H hydrogen bonding, by
comparison with a corresponding peak in
[Cu(dpyam),][BF,], and [Cu(dpyam),][PFe], (Wu,
Field, Akhter & Hathaway, 1991). The v; mode of
the [BF,]” anion appears as a strong band, slightly
split, at 1020 and 1085 cm ™', consistent with its long
bonding Cu—F distance of ca 2.75 A (Foley et al.,
1983). The infrared spectrum of (II) has a strong
band at 3400 cm™' owing to the bridging OH~
group, and two weaker bands at 3160 and
3240 cm ™', owing to the symmetric and asymmetric
stretches of the water molecule (Nakamoto, 1978).
Both complexes (I) and (II) are ESR silent, but while
(I) has a normal room-temperature magnetic
moment of 1.90 BM, that of (II) is significantly lower
at 1.75 BM. The former result is surprising, as
[Cull(chelate),(OH),]X, complexes are generally anti-
ferromagnetic; however, the marked tetrahedral twist
of the CuN,O, chromophore may reduce the ortho-
gonality of the copper(Il) d,._,. (or d,,) orbital with
the bridging OH ~ orbitals. If this is the case than it
is surprising that (I) is ESR silent. The electronic
reflectance spectrum of (I) shows a broad band at
15650 cm™!, while (II) has a broad band at
17 500 cm ™. The relatively low energy of the former
may also be associated with the tetrahedral twist of
the CuN,O, chromophore (Foley et al., 1983). The
higher energy of (11) suggests that the single bridging
OH, ligand is not very effective as a fifth ligand, not
withstanding the short Cu—OH, distance of 2.44 A,

and may be associated with the bridging role of the
water molecule.

Reoxygenation of Cu' to Cu'' complexes. A
significant feature of (I) and (II) is not just their
structures but their method of preparation by
reoxygenation of a copper(I) complex. This involves
atmospheric O, as the most probable source of the
OH ™ anion by the following reactions.

[Cu"(dpyam),][BF,], + Cu®—
2[Cu'(BF,)(dpyam)]
2[Cu!(BF,)(dpyam)] + 1/20,—
2[Cu"(BF,)(dpyam)] + O~
0?~ + H,0—>20H"
2[Cu'(dpyam)(BF,)] + 20H™ —
[Cu"'(OH),(FBF,),(dpyam),].

In the reoxidized acetonitrile solution the Cu':-
dpyam:OH ~:[BF,}™ ratio of 1:1:1:1 is then correct
for the formation of (I) immediately. In the prepara-
tion of (II) the initial formation of a carbonate
complex [Cu''(COs;)(dpyam)].2H,O (Akhter e al.,
1991) is understandable, as the OH~ generated
reacts with CO, in the atmosphere by the reaction

HO™ + CO,—[HCO;]~
[HCO;]~ + HO™ —[CO;)*~ + H,0.

Hence the need to use CO,-free air in the preparation
of (II).
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Structure of (Diethylamino){1-{(2-hydroxyphenyl)iminomethyl]naphthalen-
2-olato-0,0’,N}nickel(II)
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Abstract. [Ni(C,H,; N)(C;H,|NO,)], M,=393.11,
monoclinic, P2,/n, a=12.233 (4), b=18.846 (3), ¢ =
17.155 (6) A, B=96.04 (1)°, V=18462 A3, Z=4,
D.=14l4gem™3 A(MoKa)=0.71069 A, =
10.41 cm™!, F(000) =824, T=298K, final R=
0.035, wR = 0.030 for 2181 unique reflections with F
> 20(F). The coordination of the Ni atom is square
planar with Ni—O distances 1.820(3) and
1.842(3) A, Ni—N distances 1.849(3) and
1.955(4) A; the angles between the neighbouring
ligands are in the range 86.8 to 94.8 (1)°. The di-
ethylamino ligand is fully extended perpendicular to
the Ni coordination plane.

Introduction. Metal derivatives of Schiff bases have
been extensively studied and the copper(Il) and
nickel(II) complexes play a major role in both syn-
thesis and structural research. Copper(II) and

* Alexander von Humbolt fellow.
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nickel(IT) ions react with tridentate anionic Schiff
bases and form dimer complexes with square-planar
configurations as described by Maggio, Pizzino &
Romano (1974). They report that N-(2-hydroxy-
phenyl)salicylaldimine reacts with nickel(II) ions
giving a pseudo-octahedral complex by polymeriza-
tion. We have investigated the reaction of nickel(II)
with the monodentate ligand diethylamine and the
tridentate ligand N-(2-hydroxyphenyl)-2-hydroxy-1-
naphthaldimine; the structure of the reaction product
is reported in this paper.

Experimental. Suitable crystals were obtained
directly from the synthesis of the compound.
A solution of 0.01 mol N-(2-hydroxyphenyl)-2-
hydroxy-1-naphthaldimine in 200 ml pure methanol
was prepared and heated to boiling temperature.
1.5ml diethylamine was slowly added to the solu-
tion, 0.01 mol Ni(CH;COO),.4H,O was dropwise
dissolved in 25 ml hot methanol. The mixture of the

© 1992 International Union of Crystallography



