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Formation of the first binary stacks of an intact organocopper

aggregate with the arenes naphthalene and 2,20-bithiophene is

reported; crystallographic data suggest that the supramolecular

assembly process is supported by Cu–p, Cu–S, and perfluoro-

arene–arene p-interactions.

Polynuclear coinage–metal complexes are known to form

fascinating supramolecular structures with unusual lumines-

cence behaviour.1 Many of their exciting properties originate

from a pronounced tendency for formation of stacks through

metallophilic interactions. Another interesting motif is that of

binary structures, where polynuclear complexes interact with

arenes. For instance, stacking of trinuclear silver(I) pyrazolates

[{[3,5-(CF3)2pz]Ag}3] (pz = pyrazolate) with electron rich

arenes (benzene, mesitylene and toluene) has been demon-

strated.2 The trimeric organomercury species [{(o-C6F4)Hg}3]

also forms one-dimensional stacks with arenes, which in turn

show strong phosphorescence due to the heavy atom effect of

Hg.3 Fluorination of the ligand is a key feature that supports

complex formation with these metal complexes. The reverse

situation is encountered with electron-rich trinuclear gold

complexes such as [{(RNQCOMe)Au}3], which bind to elec-

tron-poor arenes.4 In yet another twist, this Au3 trimer forms

alternating stacks with [{(o-C6F4)Hg}3].
5

Polynuclear copper species and their assembly are compara-

tively less explored. A particularly interesting building block is

[C6F5Cu]4 (1), because the electron-deficient perfluorophenyl

rings support the binding of even weakly basic substrates and

allow for formation of unusual supramolecular structures.6

Compound 1 itself exists in the solid state as a tetrameric

aggregate, which is maintained in weakly or non-coordinating

solvents, but breaks up in the presence of strong donor

solvents.7,8 For instance, upon addition of an equimolar

amount of pyridine the monomeric units [C6F5Cu(Py)] are

formed, which in the solid state assemble into highly lumines-

cent one-dimensional Cu(I) chains with unusually short

Cu� � �Cu separations of 2.8924(3) Å.9 In contrast, toluene

binds to the intact tetramer in a 2 : 1 ratio to form the

p-complex 1�(tol)28 in a rare example of complexation of

aromatic species to Cu(I)10,11 that is unique in organocopper

chemistry.12 We demonstrate here for the first time how

multiple interactions of this type lead to luminescent supra-

molecular structures that feature an intact organocopper

aggregate (1) as the building block.

Treatment of 1 or 1�(tol)2 in CH2Cl2 with two equiv. of

naphthalene (Np) and 2,20-bithiophene (Bt), respectively, and

subsequent low-temperature crystallization by careful layering

with hexanes gave colorless crystals of the bis-adducts 1�
(arene)2 (2, arene = Np; 3, arene = Bt) in high yields. The

1:1 complex {1�arene}n (5, arene = Bt) was similarly obtained

in 88% yield from a 1 : 1 mixture of 1�(tol)2 and Bt. However,

the respective complex with Np (4) could only be obtained in a

mixture with the bis-adduct 2. All compounds form colorless

crystals, but the different adducts are easily distinguished since

2 and 3 form needles, while 4 and 5 give plate-like crystals.

Complexation was further confirmed by NMR, elemental

analysis and X-ray diffraction studies. The 1H and 19F NMR

spectra of the adducts in CDCl3 show similar chemical shifts

as the corresponding precursors, which not only confirms that

both building blocks are incorporated into the products, but

also suggests that dissociation takes place in solution.

Single-crystal X-ray structure analyses (see ESIw) were per-

formed for all complexes and the plots are displayed in Fig. 1

and 2. They reveal sandwich-like structures of the intact tetra-

mer 1 and the corresponding arene in 2 and 3, and the

Fig. 1 Plots of the structures of 2 and 3. Symmetry operations used to

generate equivalent atoms for 2: �x + 2, �y + 1, �z + 1. For 3: �x
+ 1, �y + 1, �z.

aDepartment of Chemistry, Rutgers University-Newark, 73 Warren
Street, Newark, NJ 07102, USA. E-mail: fjaekle@rutgers.edu;
Fax: +1 973 353 1264; Tel: +1 973 353 5064

bDepartment of Chemistry and Biochemistry, University of California
San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0358, USA

w Electronic supplementary information (ESI) available: Experimental
procedures and data. CCDC 664119–664122. For ESI and crystal-
lographic data in CIF or other electronic format see DOI: 10.1039/
b807128d

4264 | Chem. Commun., 2008, 4264–4266 This journal is �c The Royal Society of Chemistry 2008

COMMUNICATION www.rsc.org/chemcomm | ChemComm



formation of highly unusual one-dimensional binary stacks in 4

and 5. For all structures, the four copper atoms of the

[C6F5Cu]4 building block form a rhombus-like geometry with

one short (2.58–2.68 Å) and one long diagonal Cu� � �Cu
distance (4.14–4.22 Å) (Table 1). This structural motif is similar

to that found for other arylcopper donor complexes13,14 and

contrasts the square planar arrangement typically observed for

the respective base-free complexes, including that of 1. The Cu

tetramer in 2, 3 and 4 sits on a crystallographic inversion centre,

meaning that the Cu atoms at opposite corners are equivalent

and the Cu4 core is planar. While the structure of 5 does not

feature this inversion symmetry, the Cu4 unit shows only a

slight deviation from planarity with an interplanar angle Cu1-

Cu2Cu4//Cu2Cu3Cu4 of 6.311, in stark contrast to the angle of

37.531 observed for 1�(tol)2.8 It is also interesting to note that

the C–Cu–C angles for the arene-complexed Cu atoms are

considerably wider than in 1�(tol)2 and the Cu atoms in com-

plexes 2–5 actually point toward the arene.

Secondary Cu� � �p interactions are observed for the sandwich-

like structures, 2 and 3. The two copper atoms that are furthest

apart from one another engage in interactions with the arene

molecules. The difference in the Cu� � �C distances of 2.643(4)

and 2.910(4) Å for 2 is reminiscent of the typical unsymmetric

Z2-binding of arenes to Cu(I). They are considerably longer than

those observed for 1�(tol)28 or other Np complexes of Cu(I)

(2.129–2.414 Å).11 However, they are well within the sum of the

van der Waals radii for Cu (rvdw = 1.40 Å) and C (rvdw =

1.70 Å). It should be emphasized that the thiophene moiety in 3

is not bound through S, but rather also engages in p-interactions
with slightly shorter Cu� � �C distances in comparison to those

observed for 2.11,15 The thiophene rings are slightly tilted with an

interplanar angle of Th//Th = 8.321.

When studying the respective 1 : 1 complexes 4 and 5 we

discovered that they form highly unusual extended binary

stacks in the solid state, where the intact tetramer 1 alternates

with the arene (Fig. 2). One of the aromatic rings of the Np

and Bt moiety, respectively, interacts with the CuC6F5 group

of one copper tetramer and the second ring shows short

contacts to that of another tetramer. A comparison of the

Cu� � �p interactions for 2 and 4 shows that the former interacts

through the 2,3-positions, while the latter forms short contacts

to the 1,2-positions of naphthalene. Even more surprisingly,

short Cu–S contacts lead to the extended structure of 5, in

stark contrast to the Cu� � �p motif of 3. The sulfur atoms

coordinate to copper with Cu–S distances of 2.5389(8) and

2.5356(7) Å, respectively, which are within the sum of the van

der Waals radii for Cu (rvdw = 1.40 Å) and S (rvdw = 1.80 Å).

The contacts are slightly longer than those reported in the

literature for thioether adducts of organocopper tetramers

(2.316–2.407 Å),14 which is to be expected based on the lower

basicity of the thiophene S atom. The structure of 5 is highly

unusual as there are very few known examples of thiophene

coordinating to Cu(I) and the Cu� � �S distances for 5 are the

shortest reported to date.16

As can be seen from the extended structures shown in Fig. 2,

arene binding is further supported by perfluoroarene–arene p-
interactions17 with the shortest arene (centroid)� � �C contacts

being 3.358, 3.270, 3.360 and 3.332 Å to the Cu-bound ipso-

carbon of the C6F5 groups for 2, 3, 4 and 5, respectively. These

distances are in a range typically associated with strong p-
interactions. Ring slippage is evident from slightly longer

centroid–centroid distances between the perfluorophenyl

group and the respective arenes (3.599–3.802 Å).

Finally, we discovered that irradiation of solid samples of

the Bt complexes, 3 and 5, with a hand-held UV lamp leads to

strong yellow luminescence at RT (lem = 540 nm, see Fig. 3).

Due to the presence of triplet states that lie below the singlet

excited S1 state, 2,20-bithiophene itself shows only very weak

blue fluorescence at 390 nm; moreover, relaxation from the

triplet states is radiationless and no phosphorescence can be

detected.18 The parent tetramer 1 also gives no observable

luminescence at RT, and emits red light at 77 K. While the

exact origin of the yellow RT emission of 3 and 5 is difficult to

Fig. 2 Plots of the polymeric structures of 4 and 5 and plots illustrating their extended structures. Symmetry operations used to generate

equivalent atoms for 4: �x + 2, �y + 1, �z + 2; �x + 1, �y + 2, �z + 2; x � 1, y + 1, z. For 5: x � 1, y + 1, z.

Table 1 Comparison of selected geometric parameters (Å, 1)a

1�(Np)2 (2) 1�(Bt)2 (3) {1�Np}n (4) {1�Bt}n (5)

Cunb� � �Cunbc 2.6343(11) 2.5866(6) 2.6779(8) 2.6556(5)
Cub� � �Cubc 4.1796(11) 4.2220(6) 4.1401(8) 4.1468(6)

CPf–Cunb–CPf 140.8(2) 139.56(8) 142.66(11) 142.09(11)
143.55(10)

CPf–Cub–CPf 167.7(2) 166.96(9) 169.48(11) 169.36(10)
159.61(11)

Cu� � �C(p) 2.643(4) 2.507(2) 2.665(3) 2.5389(8)b

2.910(4) 2.706(2) 2.815(3) 2.5356(7)b

a Cub/Cunb: Cu that is bound/not bound to the arene; CPf: ipso-C of

the C6F5 moiety. b Cu� � �S distance. c Symmetry operations used to

generate equivalent Cu atoms for 2 �x+ 2, �y+ 1, �z+ 1; for 3 �x
+ 1, �y + 1, �z; for 4 �x + 1, �y + 2, �z + 2.
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assign and the subject of current detailed photophysical

studies, the observation of RT luminescence is clearly related

to the cocrystallization of bithiophene with 1.19,20

In conclusion, we report the first example of supramolecular

assembly of organocopper aggregates through Cu� � �p and

Cu� � �S interactions. The stacked structures with [C6F5Cu]4
are highly unusual and have been observed for the first time in

the case of organocopper aggregates. The discovery of RT

luminescence will be the subject of in-depth photophysical and

theoretical studies.
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Rheingold and F. Jäkle, Organometallics, 2003, 22, 3526.

9 A. Sundararaman, L. N. Zakharov, A. L. Rheingold and F. Jäkle,
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