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The crystal structures of acetonitrile solvates of two related

lithium calixarene complexes have been determined by low-

temperature single-crystal X-ray diffraction using synchrotron

radiation. Bis(�-5,11,17,23-tetra-tert-butyl-26,28-dihydroxy-25-

methoxy-27-oxidocalix[4]arene)dilithium(I) acetonitrile tetra-

solvate, [Li2(C45H57O4)2]�4C2H3N or [p-tert-butylcalix[4]-

arene(OMe)(OH)2(OLi)]2�4MeCN, (I), crystallizes with the

complex across a centre of symmetry and with four molecules

of unbound acetonitrile of crystallization per complex. Tetra-

acetonitrilebis(�-5,11,17,23-tetra-tert-butyl-26,28-dihydroxy-

25,27-dioxidocalix[4]arene)tetralithium(I) acetonitrile octa-

solvate, [Li4(C44H54O4)2(C2H3N)4]�8C2H3N or {p-tert-butyl-

calix[4]arene(OH)2(OLi)[OLi(NCMe)2]}2�8MeCN, (II), also

crystallizes with the complex lying across a centre of symmetry

and contains eight molecules of unbound acetonitrile per

complex plus four more directly bound to two of the lithium

ions, two on each ion. The cores of both complexes are

partially supported by O—H� � �O hydrogen bonds. The

methoxy methyl groups in (I) prevent the binding of any

more than two Li+ ions, while the corresponding two O-atom

sites in (II) bind an extra Li+ ion each, making four in total.

The calixarene cone adopts an undistorted cone conformation

in (I), but an elliptical one in (II).

Comment

Lithiated calixarenes are useful synthons and continue to

attract interest for a number of reasons, most recently because

of their hydrogen storage potential (Venkataramanan et al.,

2008). A number of lithium-containing calixarenes have now

been structurally characterized and some intriguing structure–

reactivity relationships have been highlighted (Dubberley et

al., 1997; Gueneau et al., 2003), most notably the C—H acti-

vation in the chromium complex C92H111CrLi2N2O8�4CH3CN

(Gibson et al., 1997).

A Cambridge Structural Database (CSD; Version 5.30 of

November 2008 plus two updates; Allen, 2002) search yielded

only a few results for lithium-containing calixarenes, some of

which have lithium present as a secondary metal cation while

the rest contain lithium as the primary metal of the complex.

We report here the structures of two new lithiated calixar-

enes, (I) and (II), which were isolated as by-products of

attempted syntheses of boron- or manganese-containing

calixarene complexes. In each case, the lithium originates from

the butyl lithium reagent (see Experimental).

The new lithium calixarene dimer (I) is located across a

centre of symmetry (Fig. 1). The molecule consists of two

p-tert-butylcalix[4]arene(OMe) ligands, each of which adopts a

cone conformation with negligible distortion (� = 0.045 Å; �
is the sum difference in length between vectors linking

centroids of opposite rings). The molecule contains two

lithium ions, both with four-coordinate tetrahedral geometry.

The lithium ions are bound to four O atoms, three from one

calixarene and one from the other, forming a bridge between

the ligands. One of the O atoms (O2) of each calixarene

retains its methyl group, having only lost one from the p-tert-

butyl-calix[4]arene(OMe)2 starting material during the course

of the reaction. As a result, these methyl groups are positioned

pointing ‘up’ and ‘down’ when viewed from a side-on

perspective. It is highly likely that the presence of these

methyl groups is preventing further lithium ions from binding.

A comparison can be made with compound (II), which has no

methoxy groups in its starting calixarene but forms a very
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similar dimer, except with four lithium ions present. In the

dimeric structure, (I), two of the four acetonitrile molecules of

crystallization present reside inside the cavities of the calix-

arenes, one in each, and two are exo to the cavities.

An interesting feature of (I) is that there are four intra-

molecular hydrogen bonds supporting the metal–oxygen core

of the molecule. Two O atoms (O1 and O3) of each calixarene

remain protonated. Each of their H atoms forms a hydrogen

bond to the same neighbouring O atom (O4) of the same

calixarene ligand (see Table 2).

Compound (II) also lies across a centre of symmetry. In this

case, the calixarene adopts a distorted cone, or elliptical,

conformation (� = 0.671 Å; Fig. 2). The molecule contains a

total of four lithium ions, each of which is four-coordinate and
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Figure 2
A view of (II), showing part of the atom-labelling scheme. The calixarene numbering scheme starts at the ipso C atom, goes around the C6 ring, then the
tBu group and finally the bridging CH2 unit. Displacement ellipsoids are drawn at the 30% probability level. Only those H atoms involved in hydrogen
bonding (indicated by dashed lines) are shown. [Symmetry code: (i) �x + 2, �y + 1, �z + 2.]

Figure 1
A view of (I), showing part of the atom-labelling scheme. The calixarene numbering scheme starts at the ipso C atom, goes around the C6 ring, then the
tBu group and finally the bridging CH2 unit. Displacement ellipsoids are drawn at the 30% probability level. Only those H atoms involved in hydrogen
bonding (indicated by dashed lines) are shown. [Symmetry code: (i) �x, �y + 1, �z + 1.]



tetrahedral, with two involved in a Li2O2 diamond-shaped

motif at the core. Two of the lithium ions [Li1 and Li1i;

symmetry code: (i) �x + 2, �y + 1, �z + 2] are each bound to

four O atoms, two from each calixarene ligand. The other two

lithium ions are each only bound to two O atoms, one from

each calixarene, but the coordination environment is

completed by two molecules of acetonitrile per lithium ion.

Lithium calixarenes containing these Li—NCMe moieties

have been seen before (Liu et al., 2006; Redshaw et al., 2008),

with another example being the chromium calix[4]arene

complex synthesized by Gibson et al. (1997). These acetoni-

trile ligands sit ‘above’ and ‘below’ the molecule, when viewed

from a side-on perspective, and they appear in a ‘wing’ shape

relative to each other. The structure also contains eight mol-

ecules of unbound acetonitrile per molecule of dimer. One

acetonitrile sits in the cavity of each calixarene ligand, one

MeCN sits just exo to each of the cavities, and the remaining

four sit at regular intervals around the ‘waist’ of the molecule.

As seen in (I), there are four protonated O atoms, two on each

calixarene (O2 and O4). The corresponding H atoms (H2 and

H4) form hydrogen bonds with a single neighbouring O atom

(O1; see Table 4).

The Li—O bond lengths for (I) and (II) are towards the

lower end when compared with the reported calix[4]arene

O—Li bond lengths found in the CSD (range 1.83–2.35 Å).

The Li—O lengths are shorter for bonds to the deprotonated

phenoxy O atoms, as expected. The O—Li—O bond angles

seen in (I) are larger, while those in (II) are mostly close to the

average when compared to those reported in the CSD; the

mean of these being 96.5� (range 86.3–105.4�). The exception

is O4i—Li1—O2, which is much larger than any reported and

in this case bridges the two calixarene molecules, giving rise to

a significantly distorted tetrahedral environment at Li1 (see

Tables 1 and 3). The Li—N bond lengths are within the range

of values reported in the CSD (1.91–2.20 Å). The range of

reported angles for O—Li—N is 105.5–168.6�; the angles seen

in (II) are rather towards the lower end of those reported. The

three hits from the CSD containing a lithium ion bound to two

acetonitrile ligands and two O atoms, yielded a range of

N—Li—N bond angles of 91.2–119.6�. The corresponding

angles in (II) are at the centre of the range.

The major differences in the two structures reported lie in

their different core motifs (Fig. 3) and in the significant

elliptical distortion of the calixarene ligands for (II), in

contrast to the ligands in (I) which exhibit negligible distor-

tion. Other than these major differences, bond lengths and

angles are similar and show nothing too unusual. There is a

significant link between these structures, and although they

were obtained using different synthetic methods, they are

quite similar. It would appear that (I) represents a partially

reacted version of (II), with one –OMe per calixarene still

present, blocking further reaction with lithium.

Experimental

For the synthesis of (I), a solution of calix[4]arene(OMe)2 (1.00 g,

1.48 mmol) in diethyl ether (30 ml) was cooled to 195 K and then n-

BuLi was added (2.03 ml, 3.25 mmol, 1.6 M). The resulting solution

was allowed to warm to ambient temperature and was stirred for 3 h,

after which MnCl2 (0.18 g, 1.43 mmol) in tetrahydrofuran (10 ml) was

added. The solution was stirred for 12 h, the volatiles were removed

in vacuo and the residue extracted into MeCN (30 ml). On cooling

the brown–purple solution to 273 K, small colourless rods of (I)

formed (yield 0.39 g, 35%).

For the synthesis of (II), to 1,3-bis(trifluoromethyl)benzene

(1.00 g, 4.67 mmol) was added n-BuLi (2.91 ml, 4.66 mmol, 1.6M) in

diethyl ether (30 ml) at 195 K. After stirring for 2 h at room

temperature, {[ClB]2tert-butylcalix[4]arene} (1.71 g, 2.32 mmol) was

added and stirring was continued for a further 12 h. Volatile

components were removed in vacuo, and the residue was taken up in

MeCN (30 ml). Prolonged standing (2–3 d) at 273 K afforded small

colourless tablets of (II) (yield 0.33 g, 16%).

Compound (I)

Crystal data

[Li2(C45H57O4)2]�4C2H3N
Mr = 1501.91
Monoclinic, P21=n
a = 12.8368 (11) Å
b = 17.8044 (15) Å
c = 19.6735 (16) Å
� = 90.2746 (12)�

V = 4496.4 (7) Å3

Z = 2
Synchrotron radiation
� = 0.6911 Å
� = 0.07 mm�1

T = 150 K
0.24 � 0.06 � 0.05 mm

Data collection

Bruker APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Version 2004/1;
Sheldrick, 2004)
Tmin = 0.984, Tmax = 0.997

29080 measured reflections
8536 independent reflections
5918 reflections with I > 2�(I )
Rint = 0.063
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Figure 3
A view of the core for (II), showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 50% probability level, H atoms
involved in hydrogen bonding are represented by circles of arbitrary radii
and hydrogen bonding is indicated by dashed lines. [Symmetry code: (i)
�x + 2, �y + 1, �z + 2.]



Refinement

R[F 2 > 2�(F 2)] = 0.074
wR(F 2) = 0.226
S = 1.03
8536 reflections
561 parameters
172 restraints

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.75 e Å�3

��min = �0.37 e Å�3

Compound (II)

Crystal data

[Li4(C44H54O4)2(C2H3N)4]�8C2H3N
Mr = 1814.16
Triclinic, P1
a = 12.8190 (12) Å
b = 13.5649 (13) Å
c = 18.223 (3) Å
� = 106.035 (2)�

� = 94.097 (2)�

� = 115.286 (2)�

V = 2687.4 (5) Å3

Z = 1
Synchrotron radiation
� = 0.8466 Å
� = 0.07 mm�1

T = 150 K
0.15 � 0.14 � 0.07 mm

Data collection

Bruker APEXII CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Version 2.10;
Sheldrick, 2003)
Tmin = 0.990, Tmax = 0.995

15630 measured reflections
7870 independent reflections
4532 reflections with I > 2�(I )
Rint = 0.052
	max = 28.4�

Refinement

R[F 2 > 2�(F 2)] = 0.065
wR(F 2) = 0.172
S = 1.00
7870 reflections
638 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.25 e Å�3

��min = �0.24 e Å�3

Aromatic (C—H = 0.95 Å), methyl (C—H = 0.98 Å) and tert-butyl

methylene (C—H = 0.99 Å) H atoms were placed in geometrically

calculated positions using a riding model. H atoms on acetonitrile

were initially located from difference maps. Methyl H atoms,

including those of acetonitrile, were refined allowing rotational

freedom in all ordered groups. The coordinates of hydroxy H atoms

were freely refined. Uiso(H) values were generally set at 1.2Ueq of the

carrier atom, and at 1.5Ueq for OH in (I) and for all methyl H atoms.

Geometric and displacement parameter restraints were applied to

two tBu groups, which were modelled as disordered with two sets of

positions for the methyl groups [at C7 and C18 in (I)]. The major

occupancies were 70.3 (17) and 86.4 (7)%, respectively. The N2/C48/

C49 acetonitrile group in (I) has fairly large U values, but these were

left unrestrained as applying the restraints had little effect on the

displacement parameters and the observed values are a true reflec-

tion of reality in the crystal lattice. This behaviour is common for

unbound solvent molecules in calixarene complexes (Redshaw et al.,

2007).

For both compounds, data collection: APEX2 (Bruker 2006); cell

refinement: SAINT (Bruker, 2006); data reduction: SAINT;

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);

program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);

molecular graphics: SHELXTL (Sheldrick, 2008); software used to

prepare material for publication: SHELXTL and local programs.
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