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Supramolecular Cobalt Cages and Coordination Polymers Templated by
Anion Guests: Self-Assembly, Structures, and Magnetic Properties
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Abstract: We report the anion-templat-
ed syntheses of a variety of supra-
molecular assemblies of Co'. Remark-
ably in the presence of a weakly coor-
dinating ion such as BF,”, a discrete
three-dimensional cage [BF,C-
(BF,),Co,(L"),][BF,] (2) is formed with
three coordinated BF,™ ions, a rare ex-
ample in supramolecular chemistry

Switching to

pounds -

ular chemistry

Rational design of inorganic artificial receptors for host—
guest chemistry is one of the most attractive areas in con-
temporary supramolecular chemistry.) Self-assembly is
emerging as an elegant “bottom-up” method for fabricating
elaborate architectures, such as helicates/”? molecular
wires,! cages, metallocryptands,” metallomacrocycles,’®
and coordination polymers.®® This approach becomes par-
ticularly powerful when the ease of control offered by the
self-assembly of organic components is combined with mag-
netism,”! catalysis,”® and ion sensing!” of the inorganic com-
ponents.

In the last decade there has been intensive research in the
preparation of inorganic macrocycles, which has shown par-
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(L'=di(benzimidazole)-1,4-phenylene).
stronger
ions, such as NO;~ or Cl", a one-di-
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mensional coordination polymer
[{Co(LYH(NO,),},] (3) and a metalloma-
crocycle  [Co,(LY),(Cl),] (5) were
formed, respectively. These results il-
lustrate the powerful effect of the
anion-templating chemistry. Finally the
magnetic properties of these assemblies
1b, 2, 3, and 5 are presented and dis-
cussed.

coordinating

cage com-

ticular promise in the chemistry of host-guest interactions.!'"!

Although the coordination chemistry of cations is well de-
veloped, the chemistry of anion encapsulation is still in its
infancy despite the fact that anion coordination chemistry is
of interest from environmental, industrial, and health-relat-
ed perspectives.!!

Pursuing our research in this area we reported the self-as-
sembly of the iridocryptates that encapsulate BF,” ions
through hydrogen bonding.®™ More recently we described
the self-assembly of unusual inorganic cages based on cobalt
coordination chemistry and demonstrated their properties as
hosts for BF,™ ions. It is worth mentioning that several ex-
amples of supramolecular inorganic anion receptors have
been reported by other groups.'>'¥! Furthermore polyoxo-
metallate clusters of nanoscale size were able to trap anions
within the central cavity.'”)

In this work we describe the role and the nature of the
anion guest and how it dictates the final supramolecular
structure. Remarkably, structural switching from cages to co-
ordination polymers is driven by the nature of the anion
guest in the supramolecular assembly. For instance in case
of a weakly coordinating guest anion, such as BF,, cobalt
cages were assembled, while in the presence of strongly co-
ordinating guest anions, such as NO;~, one-dimensional co-
ordination polymers were obtained, or with ClI~ a metallo-
macrocycle was constructed (Scheme 1).

On the other hand magnetostructural correlations have
been studied extensively in recent years.") However, in the
host—guest chemistry of metal cages, the magnetic properties
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Scheme 1. Schematic drawing of L' and the reaction scheme for the related cobalt supramolecular structures 1-5.

of hosts affected by anion guests have rarely been reported,
although significant interactions were found to occur
through halogen anions.'” Thus we report the magnetic
studies on our cobalt cages, metallomacrocycles, and one-di-
mensional coordination polymers. Of particular interest, the
cobalt cages are rare models in which the magnetic ex-
change of binuclear Co" is dominated by the weak interac-
tions of the encapsulated anion and the two metal centers.

In a recent paper we have shown that Co"[BF,],-6 H,0
reacts with two equivalents of L' (L'=di(benzimidazole)-
1,4-phenylene) to give supramolecular host-guest cages of
general formula [BF,C(S),Co,(L"),][BF,]; (1a-d) in which S
is a coordinating solvent such as a nitrile R-CN (R =Me, Et,
Ph) or methanol (Scheme 1). Interestingly two coordinating
solvents were found to occupy the axial positions of the di-
cobalt capsules.*"! Thus we decided to design new cages, but
in the absence of coordinating solvent in which only anions
can dictate the final supramolecular structure. Therefore re-
peating the above experiments, but using nitromethane as a
non-coordinating solvent a new deep violet complex was iso-
lated quantitatively and analyzed elementally as [Co,(L'),]-
[BF,], (2). The infra-red of 2 showed the presence of BF,”
ion. The 400 MHz 'H NMR spectrum of 2 was recorded in
CD;NO, at 292 K and owing to the presence of Co" atoms,
the spectrum spanned a broad range from 6=-3 to
+48 ppm, a range that is consistent with the presence of
paramagnetic compounds. Remarkably the ''B NMR spec-
trum of 2 recorded in CD;NO, showed the presence of a
signal at 0 =1.92 ppm and a broad signal at 6 =—99.23 ppm
attributed to an encapsulated BF,” ion. We attribute the
large difference in chemical shift values to the paramagnetic
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nature of the cobalt ions. The (ES) mass spectrum of 2 clear-
ly indicated the formation of a peak at m/z 2083.7, which
corresponds to the [(BF,);Co,(L"),]* species. To ascertain
the structure of 2 an X-ray structural determination was
under taken. Crystals of 2 were grown by vapor diffusion of
diethyl ether into a solution of the complex in CH,NO,.['¥!
The compound crystallized in the triclinic space group PI.
The structure shows the formation of a novel type of a
Co,(L"), tetragonal cage (Figure 1) in which each cobalt
atom adopts a square-pyramidal geometry. Unlike previous
cages (la—d) there are two coordinated BF,” anions that
bind externally (apical positions) to the two cobalt centers
instead of a coordinating solvent with Co(1)—F(4)=2.187 A.
Four benzimidazole arms of the bridging ligands L' fill the
equatorial positions. Further, a third BF,™ ion is encapsulat-
ed inside the cage cavity with a Co(1)-F(1) distance of
2312 A. This distance is slightly longer than that observed
for the externally bonded BF, ions, but shorter than that re-
ported for [BF,C(CH,CN),Co,(L"),][BF,]; (1b) with Co—
F=2.405 A in which a single BF,” ion was encapsulated
inside the cage. In light of this data one might consider that
a weak interaction is occurring between the Co'" atoms and
the apical fluorine centers of the encapsulated BF,” ion. The
fourth BF,” ion is located outside the cavity. The Co—N
bond lengths lie in the range of 2.102-2.123 A, similar to
those reported for 1b.**! The Co--Co distance is 6.912 A
and the average distance between two facing phenyl rings is
10.7 A. Thus the cavity size is slightly smaller than that of
1b. To our knowledge this is the only example of a cage that
exhibits coordination of three fluorinated weakly binding
anions, one encapsulated inside the cavity cage and the
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Figure 1. View of the cationic part of 2 “[BF,C(BF,),Co,(L"),]*” (C
green, O red, N blue, B yellow, F pale green, Co gray; H atoms are omit-
ted for clarity). Selected bond lengths (A) and angles (°): Co(1)-N(1)
2.104(3), Co(1)-N(4) 2.123(3), Co(1)~N(5) 2.104(3), Co(1)—-N(8)
2.102(3), Co(1)-F(1) 2.312(3), Co(1)-F(4) 2.187(3), N(1)-Co(1)-N(5)
90.54(14), N(5)-Co(1)-N(4) 90.66(14), N(4)-Co(1)-N(8) 89.43(14), N(8)-
Co(1)-N(1) 89.31(14).

other two are externally bound through unusual Co—F coor-
dination bonds. This example beautifully illustrates the role
of anions in templating supramolecular cages. Further the
ES mass spectrum of 2 suggests that the redissolved crystals
retain their structure in solution.

Repeating the previous experiments but using Co'-
[NO;],,6H,O instead of Co"[BF,],-6H,0 and two equiva-
lents of L' under similar experimental conditions described
previously for cages 1b or 2 a pink precipitate was quantita-
tively isolated and analyzed elementally as [Co(L")(NO;),]
(3). The electrospray (ES) mass spectrum shows a peak at
m/z 9735 that corresponds to the formation of a
[Co(L"),NO;]* species in solution. This indicates that the
[Co(L"),NO;]* subunit is the building block which leads to
the formation of the one-dimensional coordination polymer
3. The infra-red spectrum shows the presence of coordinat-
ing nitrate at 1385 cm™'. Complex 3 was insoluble in most
polar solvents, such as MeOH, acetone, CH;CN or nitrome-
thane, hence no NMR spectroscopic studies could be per-
formed; however, after several attempts to crystallize the
complex, suitable crystals for an X-ray structural determina-
tion were obtained from a solution of 3 in DMSO/Et,0O. The
structure shows indeed the formation of one-dimensional
coordination polymer [{{Co(L')(NO;)(dmso),][NO;]},] (4) in
which the cobalt nodes are linked through the benzimidaz-
ole arms of the bridging ligand L' (Figure 2). In the cationic
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part of 4 each cobalt center adopts an octahedral geometry
with two nitrogen atoms from different L' units occupying
one axial site and one equatorial position, the nitrate anion
forms a chelate to the Co" ion in the equatorial plane, and
finally two DMSO molecules are coordinated to the cobalt
center through the oxygen atoms and are located one in the
equatorial position and the other at an axial site. The one-
dimensional coordination polymer 4 displays a m—m interac-
tion between the central phenyl rings with a plane-to-plane
distance of 3.73 A, 6=21.26°.""! This weak  interaction is
observed throughout the infinite chain. The Co---Co distance
is 10.602 A. Due to the low solubilities of 3 and 4, as well as
their similar infra-red spectra and ES mass spectra (see Ex-
perimental Section), we conclude that 3 is also a one-dimen-
sional coordination polymer similar to 4.

In an effort to understand the crucial role of the anion in
the formation of the cobalt cages 1b-d and 2 with respect to
that of the one-dimensional coordination polymers 3 and 4,
in which the nitrate ion is coordinated to the cobalt center,
we added an excess of [NBuy|NO; to a stirred solution of 2
in CH;NO, and monitored the reaction. After several min-
utes a pink precipitate was formed and the reaction was al-
lowed to proceed for 30 min. The product was isolated, char-
acterized by elemental analysis and infrared spectroscopy,
and was assigned as the one-dimensional coordination poly-
mer 3. This result confirms the templating effect of the coor-
dinated NO;™ ion on the formation of the ultimate supra-
molecular structure. In this case the anion metathesis leads
to a complete rearrangement of the structure from a cobalt
cage to a one-dimensional coordination polymer.

We then explored the role of the chloride anion on the
formation of the supramolecular structure within our cobalt
systems. Thus when Co"Cl,-6 H,O was treated with the bi-
dentate ligand L' under similar experimental conditions to
those used in the previous reactions, a blue precipitate was
immediately formed. The compound was quantitatively iso-
lated and analyzed elementally as a metallomacrocycle
[Co,(LY,(C1)4] (5; Scheme 1). Unlike the previous supra-
molecular species 1a—d and 24 the UV/Vis spectrum of §
recorded in DMF showed an absorption band at 654 nm
characteristic of a tetrahedral cobalt(II) complex.?” The in-
frared spectrum recorded from KBr discs showed the pres-
ence of two bands at 304 and 339 cm™" designated to Co—Cl
vibrations. The electrospray mass spectrum of crystals of §
indicated the formation of {Co,(L"),} species in association
with varying numbers of Cl™ ions, indicating that the solu-
tion and solid-state structures of the chloride macrocycle 5§
are the same. After several attempts of crystallization of §,
tiny crystals were obtained from DMF/Et,0 mixture. Un-
fortunately complete structural analysis could not be achiev-
ed; however, the electrospray mass spectrum confirmed the
formation of a metallomacrocycle [Co,(L'),(Cl),] (5;
Figure 3) rather than a cobalt cage or a one-dimensional co-
ordination polymer.

As in the previous section we examined the role of the
anion to dictate the final supramolecular structure. Thus ad-
dition of an excess of [NBu,]Cl to a stirred solution of 3 in
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Figure 2. a) View of the cationic part of 4 “[{Co(L")(NO;)(dmso),},]"*” showing the chelating NO; ions (H at
atoms are omitted for clarity). Selected bond lengths (A) and angles (°): Co(1)-N(1) 2.067(3), Co(1)-N(4)
2.100(3), Co(1)—0O(3) 2.051(2), Co(1)—0O(4) 2.119(2) Co(1)—O(5) 2.239(3), Co(1)—0O(6) 2.181(3), N(1)-Co(1)-
N(4) 91.38(10), O(3)-Co(1)-O(4) 85.74(11), O(5)-Co(1)-O(6) 57.17(12). b) m—x interactions between two adja-

cent one-dimensional coordination polymers in 4.

CH;CN provoked a rapid color change and a blue precipi-
tate was formed. The reaction was allowed to proceed for
30 min. The compound was isolated and characterized by el-
emental analysis and infrared spectroscopy as a metalloma-
crocycle 5. In a similar way addition of [NBu,]ClI to a solu-
tion of the cobalt cages 1a—d or 2 provided in all cases a
blue precipitate that was identified as metallomacrocycle
[Coy(LN)A(C)] (3).

Spectacularly in this case the Cl” ion leads to a complete
rearrangement of the super structure from a cobalt cages or
one-dimensional coordination polymers to a metallomacro-
cycle. These experiments also imply that in our cobalt supra-
molecular systems the coordinating effect of these anions
decreases in the order ClI- >NO;™ > BF,".
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We then investigated the
role of the anions guests on
the magnetic properties of
these paramagnetic cobalt host
cages. The temperature de-
pendence of the magnetic sus-
ceptibility of complexes 1b, 2,
3, and 5 was measured with a
quantum design MPMS-XL
SQUID magnetometer in an
applied field of 500 Oe and it
is presented in Figure 4 as T
versus T plots. In the cases of
compounds 2 and 5, the data
were corrected for a tempera-
ture-independent paramagnetic
signal (TIP) denoted by the
linear and positive variation of
xT(T) in the high-temperature
range (see the Supporting In-
formation Figure S1). The TIP
contribution was evaluated to
0.024 and 0.036 emu per mol of
Co in 2 and S, respectively.
Quite high TIP is encountered
for Co" complexes due to rela-
tively low excitation energies
favoring an admixture of excit-
ed levels to the ground state,
but the expected values are 5—
10 times lower than observed
here.”Y Thus, such high values
should principally result from
small magnetic impurities, the
presence of which was denoted
by the nonlinear variation of
the magnetization versus field
room temperature (Fig-
ure S1). Such impurities should
be very small, since the chemi-
cal and spectroscopic analyses
do not indicate their presence.
Moreover, the magnetization
versus field variation at 1.8 K (Figure S1) for both com-
pounds show the characteristic features for paramagnetic
compounds with no hysteresis and the saturation magnetiza-
tions, M;=6.2 and 5 p for 2 and 5, respectively, agree well
with that expected for two isolated Co™ ions (4-6 pg)."? Tt is
worth noting that this feature occurs only for the com-
pounds that are blue (tetrahedral sites) and purple (dis-
torted octahedral sites).

The magnetic findings were analyzed after correction of
TIP for 2 and 5 as shown in Figure 4. For the four com-
pounds, the susceptibility fits well the Curie-Weiss law in
the high temperature region (T > 150 K) and the refined
Curie constants are consistent with the presence of Co(II)
ions in octahedral (C=2.8 and 2.6 K.emu/Co mol for 1b

Chem. Eur. J. 2007, 13, 5401 —5407
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and 3) and tetrahedral sites (C=2.5 K.emu/Co mol for 5).
The value obtained for the compound 2 (2.2 K.emu/Co mol)
is very similar to that of 5, suggesting a quenching of the or-
bital degeneracy leading to S=3/2 spin state. This can be in-
duced by a site symmetry significantly different from the Oh
one,*! in agreement with the fact that 2 is purple colored
whereas 1b and 3 are pink.

[Co(LY-(Cl):Na]*
observed m/z= 10043
caled m/z=1004.27

1004.3

[Co(L)x(CDT*
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caled m/z=946.31
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assumed and then the susceptibility was fit by using a model
of §=3/2 spin dimers giving Equation (1), in which x=J/
kgT, g is the Landé factor, and J/k is the spin—spin magnetic
interaction.

(3/8g%(e" +5e* + 14¢e%)

xr = (I1+3e¥45e% +7ex)

1)

As shown in Figure 4, a rea-
sonably good agreement was
obtained with the refined
values g=2.275(3), Jlk=
—-0.69Q2)K for 2, and g=
2.317(3), JIk=-0.74(3) K for
5. The two interactions are an-
tiferromagnetic and very weak
compared to those found for
other Co" cages.' In such
cages the Co" atoms were cou-
pled through halogen anions
(CI” and Br") that are expect-
ed to be more efficient cou-

[CoaL.(Cly]"
observed m/z=1077.2
caled m/z=1077.27

1077.2

| 1093.1

1 0(:';8.5 \
" -
,f‘MW\’l’ by »\f""/"\w\’\

940 960 980 1000 1020 1040

Figure 3. Partial ESI-MS spectrum of [Co,(L"),(Cl),] (5), illustrating the

the intact metallomacrocycle [Co,(L"),(Cl);]* associated with different numbers of CI~ ions . The calculated
m/z values are based on the most intense component of the isotope envelope.
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Figure 4. Temperature variation of the 7 product for compounds 1b, 2,
3, and 5. The full lines correspond to the fits by using the S=3/2 dimer
model (see text).

The xT(T) variation for 3 is typical of quasi isolated Co"
ions in octahedral symmetry, the decrease from 2.8 Kemu
per mole of Co at 295K to 1.55Kemu per mole of Co at
1.8 K being the result of the spin-orbit coupling effect (S=
3/2, L=1), which stabilizes the low-lying Kramers doublet
J=41/27>* The one-dimensional compound 3 behaves
similarly to the precedent, but with a steeper lowering of
the moment that can be assigned to weak antiferromagnetic
couplings. In this case there is no theoretical model avail-
able for fitting the experimental data for Co" chains taking
into account the spin-orbit coupling. In contrast, for com-
pounds 2 and 5 a quenching of the orbital moment can be

Chem. Eur. J. 2007, 13, 5401 -5407 © 2007 Wiley-VCH Verlag GmbH

plers, due to their polarizing
effect, which is higher than for
BF,” moieties.
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sequence of peaks corresponding to

In summary we have report-
ed the anion-templated synthe-
ses of a variety of supramolec-
ular assemblies of Co". Re-

markably in the presence of a weakly coordinating anion,
such as BF,”, a discrete three-dimensional cage (2) is
formed with three coordinated BF, ions, a rare example in
supramolecular chemistry. Switching to stronger coordinat-
ing anions, such as NO;~ or Cl, a one-dimensional coordi-
nation polymer and a metallomacrocycle were formed, re-
spectively. These results illustrate the powerful effect of the
anion-templating chemistry. Finally the magnetic properties
of these assemblies 1b, 2, 3, and 5 were presented and dis-
cussed. Efforts are now directed to the self-assembly of new
cages encapsulating anions with high polarizability.

Experimental Section

All experimental manipulations were carried out under argon by using
Schlenk techniques. 'H and "B NMR spectra were recorded in CD;NO,
by using a Bruker AMX-2 400 NMR spectrometer at 400.13 and
128.38 MHz, respectively, and also a Brucker Avance 400 NMR instru-
ment. Infrared spectra were obtained on a Bio-Rad Win-IR spectrometer
version 2.04 A from samples prepared on KBr disks. Elemental analyses
were performed by the Microanalytical Laboratory of the Université
Pierre et Marie Curie (Paris VI). Positive ESI mass spectra were ob-
tained using a triple quadrupole mass spectrometer (Quattro I Micro-
mass). Automatic data acquisition was processed using the software Mas-
slynx 3.4.

Complex 2: Ligand L' (403 mg, 1 mmol) in CHCI; (15 mL) was added to
a pink solution of Co[BF,],6H,0 (120 mg, 0.352 mmol) in CH;NO,
(15mL). The solution was stirred at room temperature for 4 h, during
which time it turned purple. The solvents were then removed. The purple

& Co. KGaA, Weinheim — 5405
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precipitate obtained was washed with CH,Cl, and dried under vacuum
(Yield: 81%). This supramolecular cage was recrystallized from
CH;NO,/E,0 to afford quantitatively purple crystals and was character-
ized as [BF,C(Coy(L"),(BF,),][BF,]. Elemental analysis caled (%) for
Ci0sH14B4Co,F 4N sOg2 CH;NO, (2292.73): C 55.52, H 4.83, N 10.99;
found: C 54.55, H 4.24, N 10.63; "H NMR (400 MHz, CD;NO,, 298 K):
0=47.57 (s, 2H; Hy,), 41.31 (s, 2H; H,), 35.31 (s, 2H; H;), 29.12 (s, 2H;
H;), 19.05 (s, 3H; -Me), 12.70 (s, 2H; H,), 11.99 (s, 3H; 1-OMe), 8.03 (s,
2H; Hy), 433 (m, 2H; Hy,), —2.81 ppm (s, 3H; 4-OMe); "B NMR
(128 MHz, CD;NO,, 298 K): 6=1.92 (sh, free BF,”), —99.23 ppm (brs,
encapsulated BF,”); IR (KBr disk): 7=1084 cm™' (B—F); ES-MS: m/z
caled: 2083.70 [BF,C(BF,),Co,(L"),]*, 455.67 [Co,(L"),]**; found: 2083.5,
456.0; m.p. 250°C (decomp).

Complex 3: Ligand L' (403 mg, 1 mmol,) in CH,Cl, (15 mL) was added
to a pink solution of Co[NO;],-6H,0 (102 mg, 0.352 mmol) in CH;OH
(15 mL). The solution was stirred at room temperature for 4 h, during
which time a pink precipitate formed. The solids were collected by filtra-
tion, washed with CH,Cl,, and dried under vacuum (Yield: 93%). This
one-dimensional polymer was characterized as [{Co(L')(NO,),},]. Ele-
mental analysis calcd (%) for C,sH,CoNsOgMeOH (641.14): C 50.55, H
4.71, N 13.10; found: C 50.51, H 4.43, N 13.32; IR (KBr disk): 7=
1385cm ™' (N-O); ES-MS: m/z caled: 973.96 [Co(L),NO;]*, 455.67
[Co(L),J**; found: 973.5, 456.0; m.p. 270°C (decomp).

Complex 4: This compound was obtained by recrystallization of 3 from
DMSO/Et,O to afford quantitatively pink crystals of [Co(L')(NO;)-
(dmso),][NO;]. IR (KBr disk): #=1385 cm™' (N—O); ES-MS: m/z calcd:
973.96 [Co(L),NO;]*, 455.67 [Co(L),]**; found: 973.6, 456.0.

Complex 5: Ligand L' (403 mg, 1 mmol) in CH,Cl, (15 mL) was added to
a pink solution of CoCl,-6H,0 (84 mg, 0.352 mmol) in CH;OH (15 mL).
The solution was stirred at room temperature for 4 h, during which time
a blue precipitate formed. The solids were collected by filtration, washed
with CH,Cl,, and dried under vacuum (Yield: 95%). This macrocycle
was recrystallized from DMF/Et,O to quantitatively afford blue crystals
and was characterized as [Co,(L"),Cl,]. Elemental analysis calcd (%) for
Cs,H;,C1,Co,N0,.2MeOH (1174.21): C 55.11, H 5.14, N 9.52; found: C
55.19, H 5.12, N 9.75; IR (KBr disk): #=304, 339 cm™' (Co—Cl); ES-MS:
mlz caled: 1077.25 [Co,(L"),(Cl);]*, 1004.27 [Co(L"),(Cl),Na]™, 946.31
[Co(LY),CI]*; found: 1077.2, 1004.3, 946.3; m.p. 330°C (decomp).

Anion exchange from 2 to 3: A solution of tetrabutylammonium nitrate
(21 mg, 0.7 mmol) in CH;NO, (5 mL) was added to a purple solution of 2
(13 mg, 66 umol) in CH;NO, (5 mL). A pink precipitate immediately ap-
peared. The mixture was stirred at room temperature for a further
30 min. The pink solid was then collected by membrane filtration. Yield:
quantitative; analytical data are identical to those obtained for 3 by
direct synthesis.

Anion exchange from 2 to 5: A solution of tetrabutylammonium chloride
(19 mg, 0.7 mmol) in CH;NO, (5 mL) was added to a purple solution of 2
(13 mg, 66 pmol) in CH;NO, (5 mL). A blue precipitate immediately ap-
peared. The mixture was stirred at room temperature for a further
30 min. The blue solid was then collected by membrane filtration. Yield:
quantitative; analytical data are identical to those obtained for 5 by
direct synthesis.

Anion exchange from 3 to 5: A solution of tetrabutylammonium chloride
(5mg, 16 pumol) in CH;CN (5mL) was added to a pink solution of 3
(10 mg, 1.6 umol) in CH;CN (5 mL). A blue precipitate immediately ap-
peared. The mixture was stirred at room temperature for a further
30 min. The blue solid was then collected by membrane filtration. Yield:
quantitative; analytical data are identical to those obtained for 5 by
direct synthesis.
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calculations with an overall isotropic thermal parameter. The encap-
sulated BF,” ion in cage 2 is disordered on two positions. The atom
sites outside the Co(1)--F(1)-F(1)-~-Co(1) axis, that is, B(1), F(2),
and F(3), are half occupied. On the other hand, the outer BF,™ ions
coordinated to the cobalt atoms are disordered around the B(2)—
F(4)--Co(1)--Co(1)-+F(4)—B(2) axis, leading to two orientations
staggered by approximately 45°, the populations of the orientations
A and B being 0.5 (F(5), F(6) and F(7)). The free BF,” ion in the
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lattice is located on a centre of symmetry (B(3) atom), and the four
F atoms are disordered accordingly with a 0.5 site occupation factor.
Crystal data for 2: purple crystals, C,;;H,;;B,Co,FsN2;0,,, triclinic,
P1, a=14.4375(13), b=14.6495(15), c=16.752(2) A, a=89.086(7),
B=68.283(7), y=88.777(9)°, V=3290.7(6) A’>, Z=1, T=250(2) K,
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