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Investigation of the Cu''/NCS~/dpk Reaction System in CH;0H
[dpk = Di(2-pyridyl) Ketone]: Isolation, Structural Analysis and Magnetic

Properties of a Dimer and a 1D Polymer with the Same Empirical Formula
[Cu(NCS),(dpk-CH3;0OH)]
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Two polymorphous compounds with the general formula
[Cu(NCS),(dpk-CH30H)], (dpk = di-2-pyridyl-ketone) have
been synthesised and have been characterised both structur-
ally and magnetically. The dpk-CH3zOH ligand is the result
of the metal-promoted solvolysis of dpk in methanol and acts
as a neutral donor. X-ray analysis carried out on single crys-
tals for both compounds revealed that compound 1 is dimeric
exhibiting double (N,S)-thiocyanate bridges, while com-

pound 2 is 1D consisting of chains in which the metallic
centres are connected through single end-to-end NCS~
groups. Magnetic susceptibility data showed that both com-
pounds are antiferromagnetic, the values for the exchange
constant J are -0.9 (1) and —0.3 cm™ (2). The low values of J
are consistent with the (Ngq,Sax)-disposition of the thiocyan-
ate bridges in the octahedral coordination sphere.

Introduction

High-dimensional arrangements exhibit potential ap-
plications in a great number of fields from heavy construc-
tions to micro-circuitry.l' ! Coordination polymers, in par-
ticular, have been the focus of attention of a great number
of works devoted to the correlation between structural fea-
tures and magnetic properties.’! In this context, it is worth
mentioning that the N,N’'-type voluminous organic ligands
have been extensively used, either as spacers or as coordina-
tion-site blockers.

Among the N,N’'-donors, the di(2-pyridyl) ketone (dpk)
ligand can be pointed out. This ligand exhibits certain sin-
gularities that explain its tendency to give rise to clusters’!
rather than infinite extended lattices when polynuclear sys-
tems are formed. The ligand dpk has three potential donor
sites, however, when the ketocarbonyl group of dpk un-
dergoes metal-promoted solvation (Scheme 1), four donor
sites are exhibited. The resulting hydrated (dpk-H,O) or
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“alcoholated” (dpk-ROH) derivative can chelate either in a
protonated or deprotonated state. As a consequence, the
coordination possibilities of dpk are multiple and have been
widely reported in the literature.>* For instance, Tsohos et
al.B9 have reported a nonanuclear Co™-dpk compound that
clearly illustrates the capabilities of dpk. In this nonamer,
the hydrated dpk derivative acts as a tetradentate ligand
that is bonded to five different atoms of cobalt. This con-
centration of metallic ions around an organic molecule is
obviously due to the proximity of the four potential donor
atoms.

The versatility of dpk could also be useful for the pre-
paration of infinite arrays. To prevent cluster formation,
pseudohalides could be used in combination with the or-
ganic ligand (as commonly carried out for other N,N’-
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groups). With this aim, we have been working on Ni'l-dpk-
L systems (L = N3, NCO, NCS). However, our first results
have confirmed the tendency of dpk to concentrate metallic
ions around it, through the characterisation of some tetra-
mers,4-4k]

In order to explore the possibility of obtaining infinite
polynuclear systems with other metals, this work was fo-
cused on Cu'-systems. For this metallic cation a 1D
arrangement has been synthesised. In particular, the results
herein reported concern the magnetic and structural charac-
terisation of two polymorphs with the general formula
[Cu(NCS),(dpk:CH3;0H)],,. Compound 1 is a dimer exhib-
iting double (N,S)-thiocyanate bridges, while compound 2
consists of chains in which the metallic centres are con-
nected through single end-to-end NCS~ groups. In both
cases, the alcoholated dpk-derivative, dpk-CH3;OH, acts as
a tridentate ligand and bonds to a single copper atom.

Results and Discussion

Structural Analysis

The structures of 1 and 2 are shown in Figure 1 and Fig-
ure 2, respectively. As observed, compound 1 consists of
Cu'! dimers in which the metallic cations are connected
through di-p-(1,3)-NCS bridges, while compound 2 consists
of chains in which the metallic cations are connected

Figure 1. ORTEP view (50% probability) of the structure for com-
pound 1 (H atoms are omitted for clarity)
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Figure 2. ORTEP view (50% probability) of the structure for
compound 2 (H atoms are omitted for clarity)
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through single end-to-end thiocyanate bridges. The interme-
tallic distances through the thiocyanate bridges are 5.393
(1) and 5.994 (2) A.

The octahedral coordination sphere around the Cu'! cat-
ions is similar for both polymorphous compounds. Thus, in
both compounds the axial positions are occupied by S and
O atoms: S1 corresponding to a bridging thiocyanate group
and O1 belonging to the dpk-CH;OH group. The formation
of the dpk-CH3;OH is as a result of the solvolysis of the
original dpk in methanol. At the equatorial positions, four
N-atoms can be found, N3 and N4 atoms corresponding to
a bridging and a terminal thiocyanate, respectively, and N1
and N2 belonging to the organic ligand. Thus, the main
difference between 1 and 2 lies in the fact that in 1 each
copper centre is connected to another copper centre
through the S1 and N3 atoms, while in 2 each copper centre
is connected to two other copper centres, one through the
S1 atom and the other through the N3 atom. In this way,
Cu''-chains extend along the y direction for 2.

The coordination sphere around the Cu'! cations in both
compounds is noticeably distorted. This distortion can be
attributed to the N,O,N’-terdentate coordination of
dpk-CH;OH and the long Cu—S distances. As can be seen
in Table I, the axial distances [Cu—S1 = 2.852(2) A and
Cu—01 = 2.487(4) A for 1, and Cu—S1 = 2.837(1) A and
Cu—01 = 2.503(2) A for 2] are remarkably higher than the
equatorial ones [Cu—N average distances are 1.987 (1) and
1.991(2) A]. The terdentate chelation of dpk-CH;OH results
in an angle of 109.8° (1) and 115.5° (2) between both pyri-
dyl rings, as well as in important deviations from the ideal
octahedral angles.

Table 1. Selected bond lengths (A) and angles (°) for compounds 1
and 2

112l 2b]
Cu(1)=N(1) 2.026(5) 2.026(5)
Cu(1)-N(2) 2.022(4) 2.032(2)
Cu(1)-N(@3) 1.945(5) 1.969(3)
Cu(1)—N(4) 1.956(5) 1.945(3)
Cu(1)-S(1i) 2.852(2) 2.837(1)
Cu(1)—0(1) 2.487(4) 2.503(2)
N(3)=C(13) 1.145(7) 1.145(4)
C(13)-S(1) 1.632(6) 1.637(3)
N@)—C(14) 1.157(7) 1.143(4)
C(14)-S(2) 1.626(7) 1.620(3)
S(1i)—Cu(1)—O(1) 154.4(1) 162.78(5)
S(1i)—Cu(1)—=N(1) 90.7(1) 96.76(7)
S(1i)—Cu(1)—N(2) 88.9(1) 91.90(7)
S(1i)—Cu(1)—N(3) 97.7(1) 93.45(9)
S(1i)—Cu(1)—N(4) 93.3(2) 92.3(1)
O(1)—Cu(1)—N(1) 72.1(1) 72.03(8)
O(1)—Cu(1)—N(2) 71.2(1) 74.62(8)
O(1)—Cu(1)~N(3) 98.2(2) 97.1(1)
O(1)—Cu(1)—N(4) 106.0(2) 101.2(1)
N(1)—Cu(1)~N(2) 87.1(2) 85.88(9)
N(3)—Cu(1)-N(2) 90.2(2) 90.0(1)
N(3)—Cu(1)~N(4) 92.0(2) 90.3(1)
N(4)—Cu(1)—N(1) 90.3(2) 93.1(1)
C(13)-N@3)—Cu(1) 171.9(5) 164.4(3)
N(3)—C(13)-S(1) 178.7(5) 179.6(3)
C(14)—~N#)—Cu(1) 167.0(6) 154.8(3)
N@)—C(14)-S(2) 178.1(6) 179.1(3)

[l j for this compound = 1 — x,

pound = —x, 1/2 + y, 1/2 — z.

-y 1 -z

1 for this com-
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The structural features concerning the intermetallic con-
nections are typical for thiocyanate bridges in octahedral
systems.’! Thus, both compounds exhibit the common
Cu—N¢q—C—S,4—Cu coordination for the end-to-end thi-
ocyanate bridge. On the other hand, the bridge-angles
(N—-C—-S =178.4°, C—S—Cu = 91.4°, S—Cu—N = 95.5°
and Cu—N—-C = 169.5° for 1, and N—-C—S = 179.3°,
C—S—Cu =914 °, S—=Cu—N = 92.9° and Cu—N-C =
159.5° for 2) show a slight deviation from the ideal ones.

It is worth mentioning that a great number of intermol-
ecular and intramolecular H-bonds are present for both
compounds (Table 2). As a result, the dimers (1) and the
chains (2) are packed as displayed in Figure 3 and 4, re-
spectively. As observed in Figure 3, there are magnetically
nonequivalent ions which are related by the following op-
eration of symmetry: x, 1/2 — y, 1/2 + z. The distance be-
tween these Cu atoms is 8.644(2) A and the angle formed
by the normals to their equatorial planes is 70.7(1)°. The
presence of magnetically nonequivalent atoms in the unit
cell will be used below in the EPR discussion. On the other

Table 2. Intermolecularf H-bond lengths (A) and angles (°) for 1
and 2

Compound 1

Donor—H Donor---Acceptor H.--*Acceptor Donor—H:--:.Acceptor

02—-H13 02-+82(i) H13--82(1)  O2—H13---S2(i)
0.820(4)  3.330(4) 2.547(2) 160.4(3)

C8—HE8  C8-+-N3(ii) HS8--N3(ii)  C8—H8---N3(ii)
0.930(6)  3.531(8) 2.912(5) 125.2(4)
H2-—x,—p2—-z () x, 1/2 =y, 112 + z

Compound 2

Donor—H Donor--Acceptor H:-Acceptor Donor—H::-Acceptor
C8—H8  C8:-02(i) HS8---02(1) C8—HS:+-02(1)
0.930(4)  3.489(5) 2.606(4) 158.7(2)

M) —x+1, =y -z

[al The intramolecular ones can be found in the Supporting In-
formation.

8.644(2) A

Figure 3. View of the packing of the dimers for 1 on the xy plane;
discontinuous lines represent H-bonds (see Table 2); the magnetic-
ally nonequivalent atoms are located at 8.644(2) A
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hand, as seen in Figure 4, the packing of the chains in 2
allows 7-w interactions between the pyridyl rings [inter-ring
distance is 3.96(5) AJ.

In summary, even if the dpk derivative in 2 acts as a tri-
dentate ligand, the preparation of an extended dpk system
has been possible as the organic ligand does not act as a
bridging group but as a coordination-site blocker. In this
sense, the role played by thiocyanate as the only intermetal-
lic linker seems to be crucial to prevent the formation of
clusters, as desired.

IR Spectroscopy

A summary of the most important IR bands correspond-
ing to compounds 1 and 2, together with their tentative as-
signments(® are given in Table 3. As can be seen, both com-
pounds exhibit a split absorption at about 2100 cm ™! that
corresponds to the asymmetric stretching mode of the C=
N bond for the N,S-bonded thiocyanate.

In relation to the absorptions caused by the organic li-
gand, it is worth mentioning that the band at 1680 cm™!,
assigned to the C=0 bond in conjugation with the pyridyl
rings in dpk, is shifted to lower frequencies after solvolysis
due to the presence of the C—O bond.”l The bands as-
signed to the pyridyl ring stretching modes in 1 and 2 are
also remarkably shifted, relative to the free dpk ligand, due
to the loss of coplanarity between the pyridyl rings after
rehybridisation from sp? to sp>. The IR spectra also re-
vealed the bands corresponding to the skeleton vibrations
of the coordinated dpk-CH;OH, which appear at slightly
shifted frequencies relative to the free dpk.

EPR Spectroscopy

X- and Q-band powdered EPR spectra for 1 were re-
corded at room temp. down to 4.2 K. The spectra do not
significantly change with temperature; a slight narrowing of
the linewidth with decreasing temperature is observed. Q-
band spectra, however, are better resolved than X-band
ones. Figure 5 shows the Q-band spectrum for 1 at room
temp. The signal seems to be rhombic, as is usually related
to an exchange g-tensor. Additionally, there is a weak,
broad signal at about 10750 G that must also be considered.

In order to interpret the spectrum in Figure 5 some struc-
tural features should be taken into account. The Cu'! oc-
tahedra in 1 are axially elongated suggesting that the mo-
lecular g-tensor is axial. However, it is also worth noting
that compound 1 exhibits magnetically nonequivalent ions
(Figure 3) that could involve interdimeric interactions. If
the exchange interaction between nonequivalent centres
were higher than the difference between the relative Zeeman
energies, the EPR spectrum would not reveal the character-
istics of the molecular g-tensor, but would show the ones
corresponding to an average exchange g-tensor, g*. In that
case, the components of the g** tensor could be expressed
as a function of the components of the molecular g-tensor
and the angles between them:®! (g§)? = gfcos?a + g3 sen’a
(g5°)* = gsen’n + gicos’a g§* = g,
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Figure 4. Packing of the dimers for 2 on the yz plane showing the H-bonds as discontinuous lines (see Table 2); the distance between

parallel pyridyl rings is 3.96(5) A

Table 3. Selected IR bands (cm™') for free dpk and the title compounds, together with their assignments

free dpkl®! Compound 1 Compound 2
Thiocyanate, v(CN) - 2121s, 2095s 2122s, 2074s
v(CO) 1680s 1605 1597
Pyridyl ring stretching 1578s 1441 1381
Pyridyl ring breathing 998 1057 1057
Pyridyl C—H out of plane bending 753s, 742s 774 774
Pyridyl ring in plane vibration 662 673 650
[l s: strong.
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Figure 5. Q-band EPR powder spectrum at room temp. for 1

where 2a is the angle formed by the magnetically non-
equivalent chromophores; i.e. the canting angle between the
normals to the equatorial planes of two interacting poly-
hedra [Equation (1)]:

ex ex
g1 —8&

C()Sza = eX ex ex
g +g —283

m

The observed values are gf* = 2.214, g5* = 2.133, g5* =
2.063. Accordingly, gy = 2.280 and g, = 2.063 have been
calculated. The sequence g, = 2.280 > g, = 2.063 > 2.04%!

868

agrees with the topology of the elongated [CulN4SO] chrom-
ophores for 1, as it corresponds to an ideal Dy, symmetry
(d** ground state). A calculated value of 20 = 68° com-
pares excellently with the crystallographic value of 70.7(1)°.

At this point, it is worth noting that the weak, broad
signal on the spectrum that does not correspond to the
rhombic tensor (ca. 10750 Gauss), but completely coincides
with the g value deduced from g*. In other words, the
spectrum seems to be the sum of two signals: those corres-
ponding to the exchange and the molecular g-tensors. This
unusual fact which has already been reported for two other

Eur. J. Inorg. Chem. 2001, 865—872
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Figure 6. X-band EPR powder spectrum at room temp. for 2

Cu" compounds,®! can only take place if the value of the
exchange constant for the intermolecular coupling is similar
to the Q-band energy-gap.

Figure 6 displays the X-band powdered EPR spectrum
at room temp. for compound 2. As observed, the signal is
characteristic of an axial g-tensor with gy = 2.258 and g, =
2.052. As for 1, a slight narrowing of the linewidth is ob-
served when the temperature is lowered from room temp.
to 42 K. The g values account for a d>,* ground state,
with an elongated octahedral copper(IT) centre. They are in
accordance with the [CuN4SO] chromophore correspond-
ing to 2.

Magnetic Properties

Compounds 1 and 2 were magnetically characterised
through measurements of the thermal variation of the mag-
netic susceptibility, x,,. Both polymorphous compounds ex-
hibit similar magnetic behaviour. Thus, for both, y,, con-
tinuously increases upon cooling (from 2.03 X 1073 and
1.31 X 1073 cm?mol ™! at room temp. for 1 and 2, respect-
ively), the increase becoming exponential at temperatures
tending to zero.

Figure 7 and 8 show the thermal variation of the y,,T
product and ;! for 1 and 2, respectively. As can be seen,
the ¥, 7 magnitude remains practically constant down to
25K (1) and 50 K (2), temperatures below which the y,,T
values rapidly decrease towards zero. On the other hand,
the Curie—Weiss law is followed over the whole measured
temperature range in both cases. The calculated values of
C,, and g (0.432 (1) and 0.429 (2) cm® K mol! and 2.146
(1) and 2.138 (2), respectively) are typical for an octahed-
rally-coordinated Cu'™.['%7 The Weiss temperature, 0, has
been observed to be —0.71 and —0.40 K, for 1 and 2, re-
spectively.

Eur. J. Inorg. Chem. 2001, 865—872
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The above-mentioned aspects are indicative of the occur-
rence of antiferromagnetic exchange coupling which should
take place through the thiocyanate intermetallic bridges. In
order to evaluate the extension of these magnetic interac-
tions, Equation (2) and (3) were used for 1 and 2, respect-
ively.

_ NgZﬁZ 1
A= 3 |, epC2ITRT) @)
3
P Ng’B*  A+Bx +2C)c2 : @)
kT 1+ Dx+Ex"+Fx
A=025 B=0.14995 C=030094, D=19862, E=0.68854, F=06.0626
x=JIKT

where N and k are the Avogadro and Boltzmann con-
stants, respectively, and B is the Bohr magneton.

The first of the expressions [Equation (2)]''!l evaluates ¥,
as a function of the exchange constant J for dimers with
S = 1/2. The best fit parameters for 1 have been observed
tobeJ = —0.9 cm ' and g = 2.145. As observed in Fig-
ure 7, where the calculated y,, T curve is displayed, there
is an excellent agreement between both the theoretical and
experimental data. On the other hand, the second expres-
sion [Equation (3)]'?! accounts for the antiferromagnetic
coupling for a Heisenberg chain with S = 1/2. Thus, the
best fit parameters for 2 have been calculated to be J =
—03 cm! and g = 2.142. As observed in Figure 8, the
theoretical y,, T curve reproduces the experimental data
quite well.

Magnetic and Structural Correlations

Table 4 summarises the J values found in the literature
for other (N,S)—NCS-bridged octahedral systems.>:!31 As
observed, all but one exhibit low values for the magnetic
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Figure 7. Thermal evolution of %,, T and y,,' for compound 1 and their corresponding theoretical curves
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Table 4. Magnetic exchange constant J (cm™!) for p-(1,3)-NCS
bridged Cu'' systems; N.—S, = N(equatorial)—S(axial) bridge;
N.—S. = N(equatorial)—S(equatorial) bridge; Et;dien = 1,4,7-tri-
ethyldiethylenetriamine; ept = N-(2-aminoethyl)-1,3-propanedi-
amine; bheg = N,N-bis(2-hydroxyethyl)glycinato; bmp = 2,2'-bi-
pyrimidine; Hmtpo = 4H,7H,5-methyl-7-oxo[1,2,4]triazolo[1,5-a]-
pyrimidine; neg = negligible

Compound Bridging mode J Reference
[Cu(bpm)(NCS)Q]n Ne_su —0.6 B4
[Cu(bheg)(NCS)],, N.—-S, neg [V
[Cu,r(NCS),(Etsdien),](Cl104),  N.—S, +7.7 13
[Cus(NCS)s(ept),](CIO,), N.—S, +1.3 15
[Cu(4-bromopyridine),(NCS),], N.—S, - (5]
1 N.—S, —0.9 this work
2 N.—S, —0.3 this work
{[Cu(NCS),(Hmtpo)-(H,0)l2}, Ne—S, +N.—S, —148 [13

exchange constant. It is worth noting that the common fea-
ture for the majority is the Ngq—S,, disposition of the
bridge, while for the strongly antiferromagnetic com-

870

pound!? the “rare” Ng,—S., bridge-mode can also be
found. As discussed below this is in total agreement with
the theoretical predictions.

On theoretical bases,'Y the N, —S,x disposition leads to
the accidental orthogonality of the MO arising from the e,
metallic orbitals, minimising the antiferromagnetic com-
ponent of the global J constant (as experimentally con-
firmed for octahedral systems). Therefore, the fact that the
strongly antiferromagnetic compound in Table 4 cannot be
described by this disposition confirms this theoretical ana-
lysis (which is obviously valid for both single and double
end-to-end thiocyanate bridges).

Conclusions

The use of the pseudohalide thiocyanate in combination
with the blocking ligand dpk has led to the preparation of
two polymorphous Cu'-compounds: a 1D polymer and a

Eur. J. Inorg. Chem. 2001, 865—872
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Table 5. Crystal data and structure refinements for 1 and 2

Compound 1 2
Formula C|4H12CUN40282 C]4H12CUN40282
M, 395.95 395.95
Crystal system Monoclinic Monoclinic
Space group P2,/c P2,/c

a [A] 11.673(2) 9.080(1)
b [A] 17.215(3) 8.942(2)
c[A] 8.295(2) 20.653(4)
Bl 108.13(2) 103.54(2)
VA3 1584.1(5) 1630.3(5)
Z 4 4

Peatd. [g.cm ™3] 1.660 1.613

p (Mo-K,) [em™!] 16.55 16.0

T [K] . 20 20

A (Mo-K,) [A] 0.71070 0.71070
Reflections collected 4878 5033
Unique data measured 4588 4746
Observed data with 7 = 2.56(1) 1771 3036
Number of parameters refined 211 211

Rl 0.0627 0.0392

w R 0.0954 0.1054

B R(F,) = EIF| = IFI/EIF). — PN wRE?) = {Zw(F,> = F2)VEWwES)TH .

dimer. In both cases, the metallic cations are coordinated in
a similar way to dpk:CH3;OH as well as to terminal and
end-to-end thiocyanate groups. The dpk-CH;OH is the re-
sult of the metal-promoted solvolysis of dpk in methanol.
Both compounds are weakly antiferromagnetic as expected
for the (Neg,Sax)-type intermetallic bridges.

Experimental Section

Synthesis

The synthesis of the title compounds was carried out by mixing an
aqueous solution of CuCl,:2H,0 (0.5 mmol, 10 mL) with an aque-
ous solution of NaNCS (1 mmol, 10 mL). After stirring for one
hour, a solution of dpk (15 mmol, 50 mL) in methanol was added.
A green precipitate immediately appeared. Methanol was then ad-
ded until this precipitate dissolved. The resulting solution was left
to stand at room temperature. After several days, two types of green
X-ray quality single crystals were obtained: (1) elongated prismatic
crystals (yield 17%) and (2) regular prismatic crystals (yield 23%).
Elemental analysis and ICP results were in good agreement with
the C4H,CuN4O,S, stoichiometry for both compounds. — 1:
caled. C 42.47, H 3.05, Cu 16.05, N 14.15, S 16.19; found C 42.5,
H 3.1, Cu 159, N 14.2, S 16.1. — 2: calcd. C 42.47, H 3.05, Cu
16.05, N 14.15, S 16.19; found C 42.4, H 3.0, Cu 16.0, N 14.1,
S 16.1.

Physical Measurements

Microanalyses were performed with a LECO CHNS-932 analyser.
Analytical measurements were carried out in an ARL 3410 + ICP
with a Minitorch equipment. IR spectroscopy was performed on a
Nicolet 520 FTIR spectrophotometer in the 400—4000 cm™! re-
gion. EPR spectra were recorded on powdered samples at X- and
Q-band frequencies, with a Bruker ESP300 spectrometer equipped
with a standard OXFORD low-temperature device calibrated by
the NMR probe for the magnetic field, the frequency measured by
using a Hewlett—Packard 5352B microwave frequency computer.
Magnetic susceptibilities of powdered samples were carried out in
the temperature range 1.8—300 K (at a value of 1000 Gauss of the
magnetic field) using a Quantum Design Squid MPM5—7 magne-
tometer, equipped with a helium continuous-flow cryostat. The ex-
perimental susceptibilities were corrected for the diamagnetism of
the constituent atoms (Pascal tables).
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Crystal Structure Determination

Single-crystal X-ray measurements for compounds 1 and 2 were
carried out at room temperature on an Enraf—Nonius CAD-4 dif-
fractometer with graphite-monochromated Mo-K, radiation, oper-
ating in ®/20 scanning mode using suitable crystals for data collec-
tion. Accurate lattice parameters were determined from least-
squares refinement of 25 well-centred reflections. Intensity data
were collected in the 6 range 1—30°. During data collection, two
standard reflections periodically observed showed no significant
variation. Corrections for Lorentz and polarisation factors were
applied to the intensity values.

The structures were solved by heavy-atom Patterson methods using
the program SHELXS-97!'3] and refined by a full-matrix least-
squares procedure on F? using SHELXL-97.1'¢! Non-hydrogen
atom scattering factors were taken from the International Tables
of X-ray Crystallography.['’l In Table 5, crystallographic data and
processing parameters for compounds 1 and 2 are shown.

Crystallographic data (excluding structure factors) for the struc-
tures reported in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
nos. CCDC-143208 (1) and CCDC-143207 (2). Copies of the data
can be obtained free of charge on application to The Director,
CCDC, 12 Union Road, Cambridge CB2 1EZ UK [Fax: (internat.)
+44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].
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