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The hexadentate ligand 2,2':6',2":6",2'"":6"",2"" :6""",2""""-sexipyridine {spy) forms double-helical binuclear
complexes with transition metals, but 1:1 complexes with lanthanides; the photoactive complex [Eu(spy)(NO3),][NO;]
is obtained from the reaction of spy with europium{i) nitrate and has been structurally characterised as a mono-helical
ten-coordinate species with a helically twisted hexadentate spy ligand.

There is considerable current interest in the factors which
determine the ability of metal ions to control the configura-
tions of organic ligands.! Double- and triple-helical, inter-
linked or knotted coordination compounds are both aesthet-
ically satisfying and synthetically challenging, and embody all
the control features needed for the assembly of larger and
more complex ligand arrays.2 We have demonstrated that the
higher oligopyridines are of particular interest in this respect.?
The potentially hexadentate ligand 2,2':6',2":6",
26,2067, 2" -sexipyridine (spy) forms double-hel-
ical binuclear complexes with first, second and third row
transition metals; indeed, these are so favoured that we have
developed a templated synthesis of the complex [Niy(spy),]4+
from 6-bromo-2,2':6',2"-terpyridine.4 We have now investi-
gated the interaction of spy with lanthanide cations, and
describe in this paper the formation of helical 1:1 complexes.

The free ligand spy is extremely insoluble, but upon heating
a suspension of spy with a methanolic solution of
Eu(NO3);-5H,0 the ligand dissolved to give a pale yellow
luminescent solution. Upon cooling, the solution deposited
well-formed crystals of [Eu(spy)(NO3),][NOs]; alternatively
the addition of [NH,][PFs] precipitated the off-white salt

[Eu(spy)(NO3;),][PFs]. The FAB mass spectra (3-nitrobenzyl
alcohol matrix) of both of these complexes exhibit peaks at
miz 615/617 [Eu(spy)], 677/679 [Eu(spy)(NOs)], 739/741
[Eu(spy)(NO3),]. This is strongly indicative of the formation
of a 1:1 complex, as all the double-helical binuclear com-
plexes of spy exhibit intense (often base-peak) ions corre-
sponding to [May(spy)2][PFel. (n = 0,1). The europium
complexes are paramagnetic, but we have been unable to
obtain well-resolved EPR spectra for the solid products or
acetonitrile glasses of solutions at 77 or 298 K. This is
compatible with the 7F; ground state for europium(ur).> A
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Fig. 1 'TH NMR spectrum of CD;CN solution of [Eu(spy)-
(NO3),][NO;] with partial assignments. The ambiguity in assignment
of the AMX spin systems of the central rings is indicated in the
description A/B for these rings.
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Fig. 2(a) The crystal and molecular structure of the [Eu(spy)(NO3),]*+
cation in [Eu(spy)(NO3)(NO;)][NO;] showing the numbering scheme
adopted [Eu(1)-N(1) 2.583(16), Eu(1)-N(2) 2.589(10), Eu(1)-N(3)
2.536(14), Eu(1)-0O(1) 2.504(16), Eu(1)-O(2) 2.558(16) A] and (b) a
space-filling representation of the cation with nitrate ligands omitted
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Fig. 3 Luminescence spectrum (300 nm excitation) of a fluid MeCN
solution of [Eu(spy)(NO3),][PFs] at 298 K

solution of [Eu(spy)(NOs3);][PFg] in CD3;CN exhibits a sharp
and well-resolved paramagnetically shifted 'H NMR spec-
trum, with resonances ranging from 6 +24.5 to +0.4 (Fig. 1).
The spectrum clearly exhibits a total of ten proton environ-
ments on the NMR time-scale, and suggests that the ligand is
in an environment symmetrical about the central interannular
C-C bond. This would be compatible with either a double-
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helical binulcear or C; symmetrical 1:1 structure. The
assignments given in Fig. 1 have been made on the basis of
selective homonuclear decoupling experiments; the assign-
ment of the AMX patterns associated with the inner rings is
ambiguous. The resonances for the terminal rings do not show
the expected alternation associated with a contact shift
mechanism, and we assume that either a pseudo-contact or
mixture of mechanisms is operative.®

Slow cooling of the solution obtained from the reaction of
spy with europium(i) nitrate in methanol gave good quality
blocks of the complex [Eu(spy)(NO;);}|[NO;]; the crystal and
molecular structure of one of the two enantiomers of this
cation present in the unit cell is presented in Fig. 2(a), together
with a space filling representation of the {Eu(spy)} core in
Fig. 2(b).T The cation is mononuclear with a ten-coordinate
europium centre; the spy acts as a hexadentate ligand and
adopts a helical twist about an equatorial plane. The remain-
ing four axial coordinate sites are occupied by two mutually
orthogonal bidentate nitrate ligands [Eu(1)-O(1), 2.504(16)
A; Eu(1)-0(2), 2.558(16) A]. The remaining nitrate ion does
not interact with the metal and is found in a number of
disordered lattice sites. The helical twisting of the spy ligand
minimises the interactions which would occur between the two
terminal rings of the ligand in a completely planar configura-
tion, and is achieved by a series of individual twistings about
interannular C-C bonds between adjacent pyridine rings, with
the major twist being associated with the two central rings
(172, 5.8 2/3, 7.6°% 3/3A, 18.8° rings numbered according to
the nitrogen atom they contain). The overall effect is for the
two terminal rings to lie at 45° with respect to each other, with
a centroid to centroid distance of 4.18 A. The Eu-N(py)
distances are all similar [2.536(14)-2.589(10) Al and in the
range observed for other europium(in) pyridine complexes.”
The ten-coordinate geometry of the complex cation is not
readily described in terms of any simple coordination poly-
hedron.

The electronic spectrum of a solution of the complex
[Eu(spy)(NO3),][PFs] in MeCN exhibits two sharp absorp-
tions at 304 and 325 nm, in addition to ligand n—rt* transitions
in the range 200-250 nm. The complex is also luminescent in
fluid solution at 298 K. Excitation within the ligand n—m*
manifold (220.6 nm) results in very weak emission, but
excitation at 304 nm or 350 nm results in an intense
luminescence (Fig. 3). The luminescence spectrum (304 or 350
nm excitation) exhibits four major features (591, 597, 614 and
622 nm). These results are as expected for emission from the
lowest lying metal centred excited state (°Dy) to the various j
levels of the 7F, (n = (0-6) ground state. Irradiation of a
solution of [Eu(spy)(NO;);][PFs] with an ultraviolet lamp
results in an intense red emission. We are currently investigat-
ing a range of other lanthanide spy complexes, together with
more detailed studies of the luminescent behaviour of these
complexes.
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t Crystal data: Ci;pHy0EuNgOy, off-white blocks, M = 802.49,
monoclinic, space group C2/c, a = 18.602(11), b = 15.892(8), ¢ =
14.071(8) A, B = 128.64(3)°, U = 3250 A3, Z = 4, D. = 1.64 gcm~3,
Mo-Ka radiation (A = 0.71073 A), n(Mo-Ka) = 19.9 em~1. 3009
Reflections collected on a four-circle diffractometer with 268(max.)
50°. The data were averaged and 1417 unique data with / = 3.00(/)
were used in structure solution and refinement. The structure was
solved by direct methods followed by iterative least-squares refine-
ment and difference Fourier synthesis and refined (Eu, C, H, N, O of
cation anisotropic, nitrate anion and H isotropic) to R = 0.0695, R, =
0.0699. Atomic coordinates, 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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