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Diorthobenzenotetra(5’,2'-tetrazolo)[5'-(2)-2’-(6)]-

cyclophane

The first structure of the tetra-tetrazole macrocycle diortho-
benzenotetra(5',2'-tetrazolo)[5'-(2)-2'-(6)]cyclophane, C,sHs,-
Ni6, has been determined. The interior of the rectangular
cavity measures ca 11.2 x 5.7 A.

Comment

We have been interested for some time in the synthesis of
compounds with multiple tetrazole fragments (Bethel et al.,
1999; Bhandari et al, 1999; Butler et al, 1992; Butler &
Fleming, 1997; Butler & NiBhradaigh, 1994). One of us (RNB)
has succeeded in generating tetratetrazole macrocyles of
general formula (I) which include an apparent cavity of vari-
able dimensions tailored by both the length and flexibility of
the bridging groups X and Y (Butler & NiBhradaigh, 1994;
Butler et al., 1992; Butler & Fleming, 1997). Such macrocycles
represent an extension of other work which has led to the
isolation of polyazole macrocycles containing pyrazole
(Tarrago et al., 1988) and triazole (Gal et al., 1985; Cabezon et
al., 1995).
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Y =1,4-C¢H,, (CH,), (n=4-86)

The structure of diorthobenzenotetra(5',2'-tetrazolo)-
[5'-(2)-2'-(6)]cyclophane [(I), X = 1,2-C¢H,, Y = (CHy)¢] is
now reported (Fig. 1). The molecule is centrosymmetric about
the inversion centre at . > 2, 2, which is intrinsic in the space-
group symmetry. Of central importance is the rectangular
nature of the macrocyle cavity, which measures ca 11.228 (3)
(C14—N5') by 5.678 (4) A (C8—C8), as this is the first
structure of a macrocycle containing four sub-tetrazole rings
surrounding such a feature. Cyclophanes with two tetrazole
rings have been reported (Ried & Aboul-Fetouh, 1988; Ried et
al., 1989; Bethel et al., 1999), but such systems do not consti-
tute a cavity. The central void depicted in Fig. 1 is more
apparent than real, as a space-filling representation (Fig. 2)
illustrates. While there is clearly a void channel running
parallel to, and between, the (CH, )¢ chains, the orientations of
the potentially coordinating tetrazole units are orthogonal to
this channel. Much smaller voids are evident between pairs of
tetrazoles attached to the same CgH, unit (Fig. 2), though
nitrogen lone pairs from each heterocycle are approximately

\ i X =1,2-CeH,, 1,3-C4Hj, 4-XCH,N(H)IN=C (X = Me, Cl)
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Figure 1

ORTEX (McArdle, 1995) plot of the asymmetric unit of diorthobenzeno-
tetra(5',2'-tetrazolo)[5'-(2)-2'-(6)]cyclophane  showing the labelling
scheme. Ellipsoids are represented at the 30% probability level. Primed
labelled atoms are related to unprimed labelled atoms by the 1 — x,
1 —y, 1 — z symmetry operation.

Figure 2
Space-filling stereoview of diorthobenzenotetra(5’,2"-tetrazolo)[5'-(2)-2'-
(6)]cyclophane showing the restricted nature of the macrocycle cavity.

at right angles to each other (see below) and are not oriented
for concerted metal-ion complexation.

Of the two unique tetrazoles, one is essentially coplanar
with the phenyl group to which it is attached (torsion angle
between ring planes 9.58°), while the other is approximately
orthogonal (torsion angle 97.51°). This allows symmetry-
related pairs of tetrazoles to adopt cofacial orientations with
respect to each other across opposite sides of the rectangle. In
other structures containing tetrazoles bonded at the ortho
positions of a six-membered aromatic system, the two
heterocycles are also found to be twisted with respect to the
central ring (Bethel ef al., 1999). In one case, 2-(1,2)benzo-
1(5,1),3(5,2)-bistetrazolocyclodecaphane, the twist angles (7.7
and 85.6°) are very similar to those found in the title

compound (Ried & Aboul-Fetouh, 1988). Overall the
macrocyle exists in a chair conformation with the -(CH,)s-
linkages adopting a surprisingly rigid linear conformation (Fig.
1). Such a structure has been predicted by energy minimiza-
tion calculations for the more rigid analogue of the title
compound, (I) (X = 1,3-C¢H,, Y = 1,4-C4H,), but was not
anticipated for the title compound (Butler & Fleming, 1997).

Experimental

The title compound was synthesized according to the literature
method of Butler & NiBhradaigh (1994). Crystals suitable for X-ray
diffraction were grown from dichloromethane/pentane (1:1).

Crystal data

CosH3Ny6 Z=1

M, = 592.70 D,=1367Mgm™
Triclinic, P1 Mo Ka radiation
a=17170(2) A Cell parameters from 25

b =10.241 (3) A reflections
c=10729 3) A 0 =13.9-17.7°
a=77253)° =009 mm™"
B =174.89 (3)° T=2932)K

y =73.47 (3)° Block, colourless

V=7199 (4) A® 035 x 0.30 x 0.30 mm

Data collection

Enraf-Nonius CAD-4 diffract- h=0—8
ometer k=-11— 11
6/26 scans I=—-11—> 12

—

standard reflection
every 80 reflections
frequency: 150 min
intensity decay: none

2441 measured reflections
2238 independent reflections
1674 reflections with I > 20(I)
Rin = 0.010

Omax = 24.0°

Refinement

Refinement on F?

R[F? > 20(F*)] = 0.037

wR(F?) = 0.098

§=119

2238 reflections

200 parameters

H-atom parameters constrained

w = 1/[0*(F,?) + (0.0714P)*
+ 0.0022P]

where P = (F,” + 2F.)/3
(A/0)max < 0.001
APmax =017 A3
Appin = —0.13 e A3
Extinction correction: SHELX1.93
Extinction coefficient: 0.061 (7)

It was possible to refine all H-atom positions in this crystal
structure. However, as ‘free’ refinement yielded a final position which
was close (within the bounds of experimental error) to the calculated
positions, we ultimately refined the H atoms riding on their relevant
parent atoms.

Data collection: CAD-4-PC Software (Enraf-Nonius, 1992); cell
refinement: CELDIM in CAD-4-PC Software; data reduction: XCAD
(McArdle & Higgins, 1995); program(s) used to solve structure:
SHELXS86 (Sheldrick, 1990); program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993); molecular graphics: ORTEX
(McArdle, 1995).

References

Bethel, P. A., Hill, M. S., Mahon, M. F. & Molloy, K. C. (1999). J. Chem. Soc.
Perkin Trans. 1, pp. 3507-3514.

Bhandari, S., Mahon, M. F. & Molloy, K. C. (1999). J. Chem. Soc. Dalton Trans.
pp. 1951-1956.

Butler, R. N. & Fleming, A. F. M. (1997). J. Heterocycl. Chem. 34, 691-693.

Butler, R. N. & NiBhradaigh, E. P. (1994). J. Chem. Res. (S), pp. 148-149.

0196  Richard N. Butler et al. » CogH3N;q

Acta Cryst. (2001). E57, 0195—0197



organic papers

Butler, R. N., Quinn, K. F. & Welke, B. (1992). J. Chem. Soc. Chem. Commun.
pp. 1481-1482.

Cabezon, B., Rodriguez-Morgade, S. & Torres, T. (1995). J. Org. Chem. 60,
1872-1874.

Enraf-Nonius. (1992). CAD-4-PC Software. Version 1.1. Enraf-Nonius, Delft,
The Netherlands.

Gal, M., Tarrago, G., Steel, P. & Marzin, C. (1985). Nouv. J. Chim. 9, 617-620.

McArdle, P. (1995). J. Appl. Cryst. 28, 65.

McArdle, P. & Higgins, T. (1995). XCAD. University College, Galway, Ireland.
Ried, W. & Aboul-Fetouh, S. (1988). Tetrahedron, 44, 3399-3404.

Ried, W., Lee, C—H. & Bats, J. W. (1989). Liebigs Ann. Chem. pp. 497-500.
Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473.

Sheldrick, G. M. (1993). SHELXL93. University of Gottingen, Germany.
Tarrago, G., Zidane, 1., Marzin, C. & Tep, A. (1988). Tetrahedron, 44, 91-100.

Acta Cryst. (2001). E57, 0195-0197

Richard N. Butler et al. + CogHN;e 0197



	mk1

