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Anion — Interactions in a Carousel Copper(ll) —Triazine Complex
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Supramolecular interactions of aromatic systems have attracted CIR) &
considerable attention during the past few yéavghile simple
aromatics tend to associate via enthalpically preferred edge-to-face
C—H---7r contacts, the benzentiexafluorobenzene complex shows
favorable face-to-face stacking in its crystal structuréhis has
been attributed to the large, permanent quadrupoles of the two
molecules, which are similar in magnitude but of opposite sign.
The ability of thesz-cloud of aromatic compounds to interact with
positively polarized or charged atoms is not limited te-lg:--x
interactions. One intuitively expects attractive forces between the
m-system as a source of electron density and electron-deficient
cations, and it is now well-known that noncovalent catian }
interactions are of great importance for many systems, including o d oz
biological macromolecules.In contrast, the concept of anion
binding to aromatic rings is less intuitive and any interaction Zﬁ}tgedl- Stfut;the 0:3[ (OCR;:IIEP; 33‘%& f;gaability thf_lt;mdalfe“iplsoifs)-
between electron donors and aromaticlouds is usually expected ydrogen atoms, two 2, an are omitted for clarity.
to be repulsive. The question of whether aﬁmmeracgonspexist Selected bond lengths [A]: Cut-Cl(m), 2.382(1)-2.407(1) 0 = m =

; ) L - 1-3), 2.238(1)-2.261(1) 6 = 4, m = 4—7); Cu)—N, 2.025(4)-2.044-
has been raised in several recent publications. NMR studies have) (n = 1), 2.022(4)-2.037(4) o = 2), 2.016(4¥-2.036(4) ( = 3).
indicated association between neutramoieties and negatively
charged group$and computational evidence indeed suggests that
noncovalent electrostatic bonding between anionssastectron-
deficient aromatic rings such as hexafluorobenzene or 1,3,5-
trinitrobenzene is energetically favoraBlghe same is true for the
synthetically more versatiler-deficient heteroaromatics 1,3,5-
triazine and 1,2,4,5-tetrazif€:8 Mascal et al. have calculated an
equilibrium distance of 3.2 A between chloride and the aryl centroid
in the CI---triazine complexl, with the anion positioned on the
Cs-axis above the rin§. While unambiguous crystallographic
evidence for such aniefir bonding involving simple halide ions
was still lacking, the theoretical prediction of an attractive anion
interaction has already led to the proposal of heteroaromatics such
as triazine and tetrazine as modules of new receptors for molecular
anion recognitiors:”
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Figure 2. Emphasis of the position of the chlorine atoms CI(8) and CI(5)

G in relation to the cationic [i(CuCl)]3" moiety of 2. Distance from CI(8)
//—:—N to [C(1)—N(3)] mean plane, 3.166(2) A, and from CI(8) to [CEN(3)]
N _'N\> 1 ring centroid, 3.170(2) A; ring-slippage, 0.163 A. Angle of the CK8)

[C(1)—N(3)] centroid axis to the plane of the ring [CEN(3)], 87.1(1).
) ) o ) ) Distance from CI(5) to [C(4YN(6)] mean plane, 3.109(2) A, and from
During our investigations of structural and magnetic properties CI(5) to [C(4)-N(6)] ring centroid, 3.112(2) A; ring-slippage, 0.118 A.

of metal complexes with the hexakis(pyridin-2-yl)-[1,3,5]-triazine- Angle of the CI(5)-[C(4)—N(6)] centroid axis to the plane of the ring
2,4,6-triamine ligand (L), we have synthesized a copper(ll) chloride [C(4)=N(®)]. 87.8(1}.

complex that shows chloriddriazine binding with metric param-  solvent molecules are located between the paddle wheels of the
eters almost exactly the same as those predicted theoretically for(noncrystallographically) 3-fold symmetric J(CuCl)]3* complex.

1. The [CuClk]?~ ion shows the expected strongly distorted tetrahedral
Reaction of 3 equiv of copper(ll) chloride with 1 equiv of L geometry
gives dark green crystals of ICuCl)][CuCl,]ClI (2), which contain Interestingly, both triazine rings i are arranged in an almost

noncoordinating CkCl, and CHOH solvent molecules in the  perfect face-to-face arrangement (Figure 2) with the N atoms of
crystal lattice? The cationic moiety of consists of two ligands L one triazine ring located over the N atoms of the second ring.
that are stacked in a parallel fashion and held together by threeAlthough the distance between both triazine planes (3.78 A) is
copper(ll) ions in a [k(CuCly]®" carousel structure (Figure 1). somewhat larger than the distance usually found for aromatic
Four pyridine-N and an apical chloride constitute a square-pyramidal stacking (3.5 A), such enlargement is often observed for aromatic
coordination environment for each metal center. Cl atoms ofGTH nitrogen-containing ligands.t should be noted, however, that
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Figure 3. ESI mass spectrum of f(CuClI)][CuCl4]Cl in methanol. Insets
show the experimental (top) and simulated (below) data of characteristic
fragments.

typically one ring is horizontally displaced by about 1.30 A, in
contrast to the situation i@. A similar face-to-face arrangement
of two triazine rings has recently been found {(QO)xRe(u-
OC4Hg),Re(CO}} 4(tri-2,4,6-pyridin-3-yl-1,3,5-triazing), where the
distance of the two ring centroids is 3.55RIn contrast, the
copper(ly-triazine complex [(CuCKP(OPh})s(1,3,5-triazine)]
features a face-to-face alignment with the triazine rings rotated by
60° with respect to each other, i.e., the N-atoms of one triazine
ring are located over C-atoms of the second triazine ¥rithis
latter stacking arrangement should be electrostatically more favor-
able, and accordingly shorter ringing distances of 3.41/3.45 A
have been determined for that case.

Besides the unique and esthetically pleasing carousel structure (4

of [L(CuCl)]3* itself, the most interesting feature Bfconcerns

the position of the charge-compensating chloride and [g}&rdbns.
CI(8) resides above one of the triazine rings (Figure 2), where the
distance between the centroid of this ring and the chlorine atom is
3.17 A. The angle of the Ct--centroid axis to the plane of the
ring (87°) gives evidence that the chlorine atom is almost perfectly
located on theCs-axis above the ring.

Both values are in excellent agreement with values obtained from
ab initio molecular orbital calculations for the parent chloride-1,3,5-
triazine complext (3.2 A and 90)8 and also agree well with the
equilibrium distance determined betweegFgCand CH (3.155 A,
MP2/6-3H-+G** level).52 Hence, it is safe to state that a
Cl~---triazine complex due to electrostatic aniom interaction is
present in2. The closest distance of CI(8) to non-hydrogen atoms
of the next neighboring [4(CuCl)]®" moiety and the adjacent
CH,Cl, is approximately 3.6 A. Disordered solvent molecules are
also present in close vicinity.

In a similar fashion, the opposite triazine face of the-[L
(CuClx]®* carousel is capped by the second counteraniof, of
with an even shorter distance of 3.11 A observed between the
chlorine atom CI(5) of the [CuGJ?~ ion and the centroid of the
[C(4)—N(6)] triazine ring (Figure 2). Again the chlorine atom is
almost perfectly centered on the ring (angle to the-CGéntroid
axis 88). The O atom of an adjacent methanol is 3.206(5) A away

from CI(5), suggesting the presence of hydrogen bonding between

these atom# It should be noted that comparable distances between
halogens and systems have been observed for dihalogeatonor
complexes (e.g., GI--Benzol 3.3 A), even though the polarization
is probably reversed in those cadés.

Interactions between chloride and{CuCl)]3* appear to be
persistent also in solution and the gas phase. A stabl€UCI)]Cl,+

ion is detected as a prominent peak in the ESI mass spectrum of
[L2(CuClk][CuCly]Cl in methanol (Figure 3).

Comparison of the results from recent theoretical calculations
and the crystallographic data obtained for the structure reported in
this article clearly confirm the presence of anion interactions
for the triazine rings in [k(CuCl)][CuCl4]Cl. Checking the CSD
for intra- or intermolecular contacts of halide atoms to 1,3,5-triazine
rings reveals that halide contacts of less than 3.4 A to the triazine
centroid also occur in some melaminium salts 0§~ dimers!4
Without usually being recognized as such, anrianinteractions
are apparently quite versatile and should be of general importance
for the solid-state structures and the supramolecular assembly of
complexes withr-electron-deficient heteroaromatics.
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