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Nitrobenzene as a Monodentate (O) and Bidentate (0,0’) Ligand: Synthesis and
Structures of Zn(PhNO,),(0TeFs), (n = 2, 3)

Paul K. Hurlburt, Patti J. Kellett, Oren P. Anderson, and Steven H. Strauss*
Department of Chemistry, Colorado State University, Fort Collins, CO 80523, U.S.A.

An X-ray crystallographic study of the first examples of complexes containing co-ordinated nitrobenzene,
[Zn{PhNO,),(OTeFs),], and Zn(PhNO,);(0TeFs),, has proven that nitrobenzene can function as a bidentate (O,0')
ligand as well as a monodentate (O) ligand.

Organic nitro compounds are notoriously weak bases.! chemistry of neutral nitroparaffins and nitroaromatics has
Previous structural studies have demonstrated co-ordination several important potential applications, including the prepa-
by NO, groups only when the ligand is anionic (e.g., ration of ‘co-ordinatively unsaturated’ catalyst precursors
CH,NQO;~)2 or when additional anionic metal-binding groups (some metal complexes of tetrahydrofuran’ and acetonitrile,®

are present in the nitro compound.34 The co-ordination both of which are much stronger donors than nitrobenzene,!
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exhibit high catalytic activity), the catalytic transformation of
nitroaromatics into ureas and carbamates,’ and the modifica-
tion of the stability and burn rate of secondary explosives and
propellants (most of which are C-NO,, O-NO,, and N-NO,
compounds).§

In this study Zn!! complexes of C-NO, compounds were
prepared by treating Zn(PhMe),(OTeFs), (x = 1.5—2.0)°
with varying amounts of nitrobenzene or nitromethane (R =
Ph or Me) (Scheme 1). These compounds are extremely
hygroscopic. More importantly, they rapidly evolve the
co-ordinated solvent molecules at 25°C, making a precise
determination of n problematic in most cases. While crystals
of Zn(MeNO,),(OTeFs), were stable at low temperature,
pseudosymmetry has prevented satisfactory solution and
refinement of the structure. Crystals of
[Zn(PhNOz)Q(OTeF5)2]2 (1) and Zn(PhN02)3(OTCF5)2 (2),
which were grown from dichloromethane containing two
equivalents of nitrobenzene per Zn or from neat nitroben-
zene, respectively, gave the structures in Figures 1 and 2.}

The Zn! ions are co-ordinated to two (1) or three (2)
nitrobenzene ligands, reflecting the extreme degree of co-
ordinative unsaturation in the putative salt Zn(OTeFs),.°
Compound (1) is composed of centrosymmetric dinuclear
molecules containing planar Zn,0O, cores (Figure 1); each
six-co-ordinate Zn!! ion is co-ordinated to one monodentate
and one bidentate nitrobenzene ligand. Compound (2) is
composed of mononuclear complexes: each five-co-ordinate
Zn! ion exhibits an approximately trigonal bipyramidal
co-ordination geometry and is co-ordinated to three
monodentate nitrobenzene ligands. The equatorial Zn-O(3)
distance is slightly shorter than the apical Zn-O(5) and
Zn-O(7) distances. It is surprising that, with such weak
donors, the Zn!! ions in (2) are only five-co-ordinate. 10

All the nitrobenzene ligands in the two structures nearly
preserve the planar structure of gaseous!! and solid!?
nitrobenzene. The Zn! ions are not located in the NO, planes
of the monodentate nitrobenzene ligands. However, Zn!! is
only 0.07 A out of the plane of the bidentate NO, group in (1),
a degree of planarity shared by Zn!! carboxylates containing
bidentate CO,Zn moieties.!3

The most significant aspect of the structures, however, is the
effect of co-ordination on the NO, groups. For the monoden-

1 Crystal data for (1): CpaHpoF20N40 2 TeyZn,, M = 1577.6, triclinic,
space group P1, a = 9.851(2), b = 10.572(2), ¢ = 12.292(3) A, « =
100.85(2), p = 108.28(2), y = 112.12(2)°, U= 1054.3 A3, Z =1, D, =
2.485 g cm~?, Mo-K,, radiation, A = 0.7107 A, 26 = 4—55°, & =
40.3 cm~! (empirical absorption correction), anisotropic thermal
parameters for all non-hydrogen atoms, R = 0.053 for 298 parameters
and 4160 observed reflections with F > 2.50(F); (2):
CigHsFoN1OgTe,Zn, M = 911.9, monoclinic, space group P2./n,
a = 12.580(2), b = 9.979(3), ¢ = 22.577(7) A, B = 105.68(2)°, U =
2728.6 A3, Z = 4, D = 2.220 g cm~3, Mo-K, radiation, A = 0.7107 A,
20 = 4—55°, p = 31.4 cm~! (empirical absorption correction),
anisotropic thermal parameters for all non-hydrogen atoms, R =
0.034 for 379 parameters and 5436 observed reflections with F >
2.50(F). Atomic co-ordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.
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Figure 1. The structure of [Zn(PhNO,),(OTeFs),], (1) (50% prob-
ability ellipsoids except for carbon atoms; hydrogen atoms omitted for
clarity). Selected distances (A) and angles (°) are: Zn-O(1), 2.012(5);
Zn-0O(1'), 2.116(6); Zn-O(2), 1.928(7); Zn-O(3), 2.445(6); Zn-
O(4), 2.278(5); Zn-0(5), 2.105(4); N(1)-O(3), 1.220(9); N(1)-0(4),
1.26(1); N(2)-O(5), 1.242(8); N(2)-O(6), 1.197(9); N(1)-C(1),
1.435(7); N(2)-C(7), 1.480(7); O(1)-Zn-O(1"), 79.3(2): O(3)-Zn~-
0O(4), 53.5(2); O(4)-Zn-0(5), 159.4(3); O(1)-Zn-0O(2), 117.2(3);
0O(1')-Zn-0(2), 163.4(2); O(3)-N(1)-O(4), 118.9(6); O(5)-N(2)-
O(6), 123.5(5); N(1)-O(3)-Zn, 90.2(5); N(1)-O(4)-Zn, 97.3(4);
N(2)-O(5)-Zn, 117.2(4).

Figure 2. The structure of Zn(PhNO,);(OTeFs), (2) (50% probability
ellipsoids except for carbon atoms; hydrogen atoms omitted for
clarity). Selected distances (A) and angles (°) are: Zn-O(1), 1.951(2);
Zn-0(2), 1.939(2); Zn-0(3), 2.076(2); Zn-0O(5), 2.220(2); Zn-O(7),
2.199(2); Zn---O(6), 2.793(2); Zn---O(8), 2.850(2); N(1)-O(3),
1.240(4); N(1)-O(4), 1.215(4); N(2)-O(5), 1.243(4); N(2)-0O(6),
1.225(3); N(3)-0(7), 1.247(3); N(3)-O(8), 1.222(4); N(1)-C(1),
1.462(4); N(2)-C(7), 1.450(4); N(3)-C(13), 1.454(4); O(1)-Zn-0(2),
149.8(1); O(1)-Zn-0(3), 94.2(1); O(2)-Zn-0(3), 116.0(1); O(5)-
Zn-0(7), 176.8(1); O(3)-N(1)-0(4), 122.2(3); O(5)-N(2)-0(6),
121.8(2); O(7)-Zn-0(8), 122.1(2); N(1)-O(3)-Zn, 119.9(2); N(2)-
O(5)-Zn, 107.9(2); N(3)-O(7)~Zn, 110.0(2).
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tate nitrobenzene ligands, the N-O bond distances involving
the bound O atoms are all longer than 1.240(4) A [N(1)-O(3)
in (2)]. For comparison, the N-O bond distance in free
nitrobenzene is 1.21(1) A in the solid state at —30°C12 and
1.226 A in the gas phase.!4} The nitrobenzene ligand in (1)
that is co-ordinated to Zn!! in asymmetric bidentate fashion
also contains an elongated N-O bond. Commensurate with
the lengthening (and presumed weakening) of some of the
N-O bonds in the co-ordinated nitrobenzene molecules is a
shortening (and presumed strengthening) of the C-N bonds
[the C-N distances observed in solid and gaseous nitroben-
zene are 1.49(2) and 1.492(2) A, respectively].

IR spectra of (1) and (2) exhibit v(NO) bands that are
shifted with respect to free nitrobenzene. For nitrobenzene
dispersed in Nujol, V(NO),eym. is 1529 cm~! and v(NO)gyp, is
1346 cm~!. Compound (1) exhibited v(NO) bands at 1525,
1503, 1337, and 1328 cm~!. Compound (2) exhibited v(NO)
bands at 1528, 1510, 1340, and 1329 cm—!. The v(NO) data
suggest that both N-O bonds in a monodentate nitrobenzene
ligand as well as in a bidentate nitrobenzene ligand are
weakened upon co-ordination.
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1 The gas-phase bond distance is quoted, without an estimated
standard deviation, in ref. 14.
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