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In relation to carbon-supported metal catalysts or carbon-based
functional materials containing metals, it seems of great significance
to know how a multimetal aggregate having metaletal bonds is
accommodated by 3garbon frameworks, such as graphite, carbon
nanotubes, etk? Particularly interesting is the behavior of multiple
metals within the space made by stacking extendédcapbon
frameworks. However, this has been difficult to study due to the
lack of appropriate molecular models. While the coordination of

arene 10 two or three metal atoms has been IntenS|veI¥ |nves_tifgéted, Figure 1. ORTEP drawing fol (50% probability ellipsoids, counteranions,
there are few reports on molecular complexes in which o splvent, and free perylene are omitted for clarity). Selected bond lengths
polycyclic aromatic hydrocarbon (PAH) ligands sandwich multiple (A) and angles (deg): PaiPd2 2.5575(7), Pd2Pd3 2.5376(7), Pd3Pd4
metals® Recently, we found thatspconjugated polyene ligands é-jggég%gﬁgé 5?'212%37()6‘;)?530562512412(?7)3 iddi%?;%ﬁ%((f;)). Egi
lhavmg a ?ne'l(lj'?enS'oﬂal.;e?r?_ﬂn frarpe(;/\_/ork are abl<te tg blndta C8 2.190(7), Pd+C21 2.198(7), PdtC22 2.496(6), Pd2C23 2.175(6),
inear polypalladium chair. €S€ Tindings prompted Us 10 pga c24 2.241(6), PA3C25 2.251(6), PA3C26 2.162(6), Pd4C27
investigate the system in which PAHs act as a two-dimensionally 2.452(7), Pd4-C28 2.196(7), C+C2 1.38(1), C2-C3 1.438(10), C3C4
extended shcarbon ligand. Herein, we report the first perylene 1.430(9), C4-C5 1.467(9), C5C6 1.421(9), C6-C7 1.437(10), C#C8
sandwich complex having a tetranuclear metaktal chain. 1.39(1), C21-C22 1.40(1), C22C23 1.429(9), C23C24 1.431(9), C24

The reaction of a homoleptic solvated dipalladium complex (01%? 1}3'33(352'2_%?3012?4_12'3?%(,9%dgggg_zgdi13688(_&(%2_;028 1.379-
[Pdx(CHSCN)g][BF 4] 28 with perylene (excess) and NaBAR equiv,
BAr¢ = B{3,5-(CF).CeH3} 4) in CH,CI, afforded a wine-red product
1in 34% yield. The producl was obtained more efficiently by
addition of 1 equiv of Pg{dba), as the P8isource (67% yield after
recrystallization from ChkCl,/benzene) (Scheme 1). The molecular

Scheme 1

(5 equiv) Figure 2. Top (left) and side views (right) of the crystal structurelof
4 (counteranions, solvent, and free perylene are omitted for clarity).

NaBAr (2 equiv)

L _|2+

L—Pd—Pcf—L + Pdg{dbals . .
o : 2 remained unchanged for 1 day in the presence of free perylene.

The sandwich structure & is maintained in CBCl, solution, as
deduced byH, ¥C{'H} NMR analyses with aid of EH COSY
(Scheme 2). Particularly, the eight coordinated carbons appeared
at higher field regions 99.7-69.8) in the'3C{'H} NMR spectra
compared to their uncoordinated counterpétts.

L L 2 BFy rt., 1 day

L= Pl £ Pl Pd L2 pd ==l

2 BArn~
. Scheme 2 3C{'H} NMR Chemical Shifts (Left) and *H NMR
;{{tTCHgCN} :|pv {2 equiiv) Chemical Shifts (Right) of 2 in CD,Cl, in the Presence of Free
=P n Perylene

T.23 7.02

structure ofl was determined by X-ray structure analysis (Figures

1 and 2)! Figure 1 shows that the PdPd—Pd-Pd chain is
sandwiched by two perylene ligands viaa?2 7% n% n?-coordina-

tion mode. The tetrapalladium chain is slightly bent at Pd2°§5.8
and Pd3 (11.9 and is end-capped by acetonitrile ligands. As shown
in Figure 2, the two perylene ligands are stacked in an eclipsed
manner (intramolecular separation, ca. 4.2 A), and these coordinate

to the Pd chain with the @ carbon array at the edge position. ' H§_12 Q_%D
Complex1 is the first example of a bis-arene sandwich complex
having a metatmetal bond chaif? Particularly interesting is that perylene favorably binds a mul-

The acetonitrile ligands it were facilely replaced by pyridine tipalladium unit in the chain form rather than other shapes, such as
ligands to form2 (Scheme 1). While botl and 2 gradually a triangle® Moreover, perylene binds the Pchain at the gedge.
decomposed in CECl, solution at ambient temperature, complex Some useful implications were obtained from the MO analysis of
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Figure 3. HOMO (left) and LUMO (right) of ground-state perylene (HF/
6-31G(d)) level,C, symmetry). The symmetry atgGarbon arrays (the

great interest and is now in progress in our group. Furthermore,
the catalytic property of perylene sandwich complexes is also under
investigation.
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parts surrounded by yellow rectangles) in each case bears resemblance ttNMR facilities.

that of conjugated tetraene.

perylene prior to the full MO analysis df.'* The HOMO and
LUMO of perylene are shown in Figure 3. Both HOMO and LUMO
are antisymmetric with respect to the vertical pseudo-mirror plane
containing C9, C14, C19, and C20 atoms. This suggests the inability
of perylene to interact with a PePd moiety that lies across such
a pseudo-mirror plane. On the other hand, the electronic delocal-
ization along the upper or lower edge framework consisting of eight
carbons appears quite similar, in terms of the orbital sign, to that
of the linear octatetraene molecules (Figure 3). Thus, it is proposed
that one of the gedges in perylene behaves as the binder to the
Pd, moiety asall-s-transtetraene (DPOT) does in the hisy?
7% n% n>tetraene-tetrapalladium chain complex [Rall-trans-
DPOT)(py):l[BAr¢], (3, DPOT= 1,8-diphenyl-1,3,5,7-tetraené)®
Next, we investigated the substitution reaction of perylene ligands
in 2 with all-trans-DPOT. The reaction facilely occurred in GD
Cl, at ambient temperature to affoBlquantitatively (Scheme 3).

Scheme 3

Ph'-MNph (2 equiv)

Py pd & Pd's= Pd <& Pd =Py

CD4Cly, i, 1h

2 BAf

Py— Pd — Pd — Pd— Pd —py
J\JW‘ Ph
2 BAr

On the other hand, the coordinated DPOT ligand$ iwere not

displaced, even by excess perylene. It should be mentioned that no

loss of a Pd atom was observed during the substitution reaction.
Thus, the transfer of the B chain occurs cleanly from the
perylene sandwich to the DPOT sandwich.

In summary, it has been proven that perylene favorably binds a
Pd, chain in a sandwich manner. This is the first example showing
that a PAH ligand behaves as the supporting ligands for a metal
metal bond chai? Actually, the successful synthesis is probably

attributed to the template effect of perylene to assemble metal atoms (15)

in a chain form. A systematic elucidation of the correlation between
the electronic structures in PAHs and the shape of metaital
bonded framework formed in contact with the PAH ligands is of
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While 1 contains the same coordination mode as thed,ithe Pd-Pd

dlstances i (outer Pa-Pd 2.5575(7)/2.5627(7) A, inner P#d 2.5376-

(7 A) are shorter than those B(outer Pa-Pd 2.7463(8), inner PdPd

2.721(1) A).
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