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Polymetallic complexes with strong magnetic exchange interac-

tions between distant metal centers across extended bridges are & 7
major topic in the field of magnetochemisttyln particular, ce) -

dinuclear copper(ll) complexes with aromatic bridging ligands have o) ?
been actively investigated for the study of long-distance electron 3.08 A
exchange, termed “long-range magnetic couplihg¥ith some |
notable exceptions,® weak intramolecular antiferromagnetic cou- o ®

plings (<J < 32 cmY) have been reported for dicopper(ll)
complexes with long intermetal distances>( 6 A) (Table S1). In (b)

most cases, the exchange interaction between the Cu(ll) centers isigure 1. (a) Perspective view of the centrosymmetric anionic dicopper
mainly transmitted through thebonds of the aromatic bridge, with ~ unit of 1B with the atom-numbering scheme= 1 — x, =y, 1 — 2). (b)
little or no contribution from ther-bond system. Side view of the metallacyclophane corels.

Here we report on two new anionic dinuclear copper(ll) o) o)
complexes with the ligands,N-1,4-phenylenebis(oxamate) (ppba) o) o) (11/S(15
andN,N-4,4-biphenylenebis(oxamate) (bpbd)4nd2, Chart 1). O‘ZJ% Lc(13) C© ca S o) c(16)
This type of rigid dinucleating ligands leads to discrete, self- 98 T : 0(8)

(10)

C
(1) Cl4) c(8) c(9) Cu(t)

C(2) C(3)

assembled dicopper(ll) metallamacrocycles of the {8¢§klophane o3)
type, with arr-stacked arrangement of the aromatic rings connected Cult)

by two N—Cu—N linkages. Hence, the metal basal planes are o) M’ '
coplanar and disposed almost perpendicularly to the two parallel 4 , Qo
aromatic spacers. As shown earlier for the meta derivatihis

particular geometry ensures a unusuatype pathway for the
exchange interaction between the unpaired electrons of the two Cu-

(I) ions through the double aromatic diamide bridges. The
complexes described herein can be considered as the first member€hart 1

Figure 2. Perspective view of the centrosymmetric anionic dicopper unit
of 2B with the atom-numbering scheme= 1 — x, -y, —2).

of a novel series of dinuclear copper(ll) metalla-amidocyclophanes T 4
with linearz-conjugated oligge-phenylene spacers(CgHz)n— (n O O Q O y
= 1-5) of various lengths1(—5, Chart 1). Electronic structure H >\'_/<
calculations on this series offer a unique opportunity to examine \ /N@;N\ /O
the effect of intermetal distance on magnetic coupling in dicopper cu" cu! X
systems with Ct-Cu distances in the range-25 A. O/ \N@N/ \O
Complexesl and 2 were isolated as a variety of salts with H n H 4
different countercations, both coordinating like"Lor Na“, and o O O O
noncoordinating like PfP™ or BuN™ (Supporting Information). 1-5 (n=1-5)

Single-crystal X-ray diffraction analyses of the sodium saBBs
and2B confirmed the anionic dimeric molecular structures (Figures deviations from idealD,, symmetry may originate from the
1 and 2, respectively). favorablezr— interactions in the parallel-displaced configuration
The copper environment is essentially square-planat Boand of the phenylene dimers and the foraedo’ repulsive interactions
distorted square-pyramidal f@B, with two amide nitrogen and  between the aromatic hydrogen atoms in the biphenylene spacers
two carboxylate oxygen atoms in the basal plane and an apical water(intramolecular contributions), or from severe steric constraints in
molecule for the latter [metal deviations from the mean basal planesthe crystal packing (intermolecular contribution). Actually, oxygen
of 0.15 (LB) and 0.19 A PB)]. The copper basal planes are not atoms from the oxamate groups bind sodium atoms leading to
exactly oriented perpendicular to the phenylene planes [dihedral corrugated sheetlike solid-state structures (Figure S1). The intramo-
angles ¢) of 60.6 (LB) and in the range 51:969.5 (2B)]. In lecular Cu-Cu distancesrj are 7.91 {B) and 12.19 A 2B), while
addition, the phenylene rings are slightly tilted around theGC the shortest intermolecular E«Cu distances are 6.848) and 6.87
single bond for2B [dihedral angle ¢) of 19.7]. Overall, these A (2B).
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- versuso-type exchange pathways. For instance, our results
estimate a weak but nonnegligible antiferromagnetic coupling (
= —3.9 cnm?) between two Cu(ll) ions separated by up to 16.5 A
through triphenylenediamide bridges3pwhich contrasts with that
of —0.0002 cm? derived from the CoffmanBuettner relation.
Nevertheless, two nanometers appears to be the upper limit for the
observation of magnetic coupling-0 < 1.0 cnT?) in the longer
homologues of this seried,and5, including several €C single
bonds in the aromatic spacers.
1000 ¢ %0 In conclusion, we have experimentally observed a strong to
| 125 moderately strong intramolecular magnetic coupling between two
100 £ Cu(ll) centers inl and?2. This has been supported by theoretical
. 120 calculations which identify the predominantly-type orbital
FE ol ] 15: pathways through the aromatic diamide bridges as the origin of
L = the exchange interaction. Moreover, a slow rate of decay of
7o 110 magnetic coupling with distance through oliggghenylenediamide
TE bridges is theoretically predicted 5. This leads our current

; research toward other dicopper(ll) metalla-amidocyclophanes with
o1 L . ‘ . s ‘ o betters-conjugated oligoacene spacers, so as to get further insights
on long-range magnetic coupling through extended aromatic
bridges.

Ig
Figure 3. Perspective view of the calculated SOMOs for

Figure 4. Plot of the calculated singletriplet splitting (on a log scale)
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The results of DFT calculations on thBx-symmetric model (8) Hendrickson et al. have reported comparable antiferromagnetic couplings
mplexesl—5 ar mmarized in Figure 4 (Tabl T her in related dicopper(ll) complexes with phenylene- and biphenylenediamine

CQ plexesl S.a € Sl.J a e.d gu_ e4( ?b e S3) oget € bridges J values up to 70 and 9 crh respectively) (Table S1). In

with a perfect linear increase in the estimated intermetal distances light of our results, it appears that the exchange interaction in these

(r), the calculated singlettriplet energy gap-J) decreases in an compounds also involves predominantiyorbital pathways.

H ] - (9) Molecular geometries fot—5 were not optimized, but their structural
approxmqtely exponential manner V_Vlth the number of phenylene dimensions were taken from the crystal structurelBf(¢ = 90°). For
repeat unitsri{ = 1—5) along this series. 2—5, the phenylene rings connected by theCsingle bond were coplanar

The fit of the calculated data fot—5 gave a decay law of ( = 0) and the C-C inter-ring distance was taken as 1.49 A.

: : s : (10) Preliminary DFT energy calculations show that the calculated singlet
exchange |nteract|on'W|th 'm?rmetal distance-als= 1.47 x 10° triplet energy gap is sensitive to the dihedral angle between the copper
exp(—0.35). The relation obtained by Coffman and Buettffeand and pt;]enylehne plan|e$)(ki)n 1 and that b”etweenhthe pher:jy;fene pl?np)s (

: in 2. Thus, the—J value becomes smaller as the more different frorh 90
the more recent ones based on ex_perlmental magnetostructural o_Iata is ¢ and from O is , as a result of these global torsions around the
on dicopper(ll) complexes, predict a faster decay of magnetic C—N and G-C single bonds of the aromatic diamide bridges (data reported
coupling with an exponential factor varying in the range-1138 elsewhere).

A-1(Figure S3). Once again, this reflects the relative efficiency of JA030060F
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