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We recently reported one-dimensional organometallic sandwich & 9
compounds made of conjugated polyenes and a polypalladium chain - N e T 2,
(Scheme 1), possessing unique rodlike molecular shape and

ladderlike contiguousz-coordination bond$.They are expected
to show unique photochemical behavior in view of the photochemi-
cal characteristics of each componérft.For example, photoex-
citation ofa,w-diphenylpolyenes results in eigrans isomerization
and/or radiatiorf2® It has also been known that dinuclear-

single or even multiple bonded complexes undergo photoinduced

homolysis of the metalmetal bond affording metal-radicals.
Furthermore, metalmetal bonded complexes with unsaturated

hydrocarbon ligands show photoinduced rearrangement involving

M—M, M—C, C-C, and C-H bond cleavage and formatidn.
Herein, we wish to report our finding that photoirradiation of {Pd
{Ar(CH=CH),Ar} ,][BAr '3 (BAr; = B(3,5-(CFR),CsH3)4) results

in an unusual photochemical event: the face-inversion of the
multihapto-coordinateg-olefin ligands on a metalmetal chairf.

Scheme 1

The complex [Pgl Ph(CH=CH),Ph} ,][BAr ], (1)*2was prepared
according to the already published metlfodhe complex1
contained two isomersi-rac and1-meso(eq 1)/ These undergo
no thermal interconversion (vide infra), and each preparative
experiment gave different isomer ratios in the range of ca-6/4
713, probably due to subtle changes in crystallization conditions.
The p-t-Bu substituted derivative [RBft-BuCsH,(CH=CH),CsH,-
Bu-t} ][BAr¢]2 (2) or (2') (counteranions= BF,) was also prepared
in a similar manner. In this cas@yac or 2'-rac was obtained almost
exclusively. The structures dfmesoand?2'-rac were determined
by X-ray crystallographic analyses (Figure 1, a single crystal of
1-mesowas obtained from a meso-rich solution prepared by the
method mentioned below)Both structures have the same coor-
dination bond: the:-#3:p%3-mode with similar structural param-
eters, for example, PePd distances of 2.7959(7) A fdr-mesg
2.7890(5) A for2-rac, except for the stacking mode of two tetraene
ligands as shown in Figure 1.
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Figure 1. X-ray structures oR'-rac (left) and 1-meso(right).

Table 1. Rac/Meso Ratios for 1—32
thermal equil.” PSS
1(R=H) 7/93 (52/48) 1/99 (73/27)
2 (R=t-Bu) 99/1 (30/70) 21/79 (99/1)
3 (R = styryl) c 1/99 (59/41)

aThe values in the parentheses show the starting r&Ris°C, CD,Cls,
in the presence of 6 equiv of free tetraefblot observed because of the
insolubility of the free tetraene.

than the rac one fat.1? On the other hand, sterically encumbered
2 favors the rac form rather than the meso. Probably, the net
isomerization occurs during the replacement of the tetraene ligand
by free tetraené.

Interestingly, when complek (rac/meso 73/27) in CEZl, in a
Pyrex tube was irradiated with a Xenon lany5L0 nm) at room
temperature in the absence of free tetraene, the gradual isomerization
proceeded without forming any byproducts. After irradiation for 7
h, the rac/meso ratio reached 1/99 at the PSS (photo stationary state).
More interestingly, irradiation with visible light(510 nm) of2-rac
resulted in a thermally unfavorable rac to meso isomeriza®en (
rac/2-meso21/79 at the PSS which was achieved after 38 h) (Table
1)10

Themal interconversions between rac and meso isomers were A p-styryl-substituted diphenyltetraene compléxwas also

not observed irl and2 (60 °C in CICD,CD,Cl). However, in the

examined as a model of a sandwich complex having tetraene ligands

presence of free tetraene, slow interconversion was observed at 25€Nith more extended ggonjugation. The comple was obtained

°C (10 days for completion). Thermal equilibrium states were
achieved for each complex starting from a ratio of mixtures
indicated in Table 1. The meso isomer is thermally more stable
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as a mixture of rac and meso isomers (the rati6/4)11 A
considerably faster visible light-induced rac to meso isomerization
of 3 was observed as compared to the casel afi the same
condition (6 h forl and 0.5 h for3 were required for complete
isomerization from ca. 6/4 rac/meso mixtures).

10.1021/ja0208254 CCC: $22.00 © 2002 American Chemical Society
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Figure 2. Absorption spectra of and3.
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Figure 3.

The absorption spectra for rac-major and meso-major mixtures
for 1 and3 are shown in Figure 2. The rac and meso isomers for
each complex show slightly different absorptions, probably due to
a geometrical difference at each metal center or difference in the
degree ofz-stacking at the phenyl moieties (phenylhenyl
separation inl-mesowas 3.47 A):2 Absorption bands oB are
considerably red-shifted with larger coefficients as compared to
those ofl, probably due to effective electronic or charge delocal-
ization along the molecular chain. Examination of the effect of
wavelength on the isomerization dfshowed that UV-irradiation
(366 nm, high pressured Hg lamp, 3 min) drove 1hec/1-meso
ratio from 1/99 to~2/813 Irradiation at 546 nm then resulted in
the recovery of the initial absorption of the 1/99 mixture.

The mechanism of the present face-inversion is of great interest.
Repeated light onoff experiments on the isomerization @fin
the absence of free tetraene ligands (Figure 3) clearly indicated
that the isomerization is driven by photonic energy. Thus, it can
be ruled out that the isomerization was catalyzed by any undetect-
able palladium species or tetraene generated during the irradiation.
It seems unlikely that complete dissociation of tetraene is involved,
because this should form a highly unsaturated transient species,
for example, [Peltetraenef}" undergoing no decomposition or pre-
cipitation!# It should be noted that scrambling of tetraene ligands
was induced by irradiation of a mixture &fand2.%® This implies
a possibility of an intermolecular polyene exchange between photo-
activated complexes having loosely bound polyene ligahdiile
an intramolecular face-inversion would also occur, particularly in
a dilute conditiorf:17 It is reasonably assumed that photoexcitation
would weaken the contiguous-coordination bonds between the
tetraene and Rdnit all at once due to the electronic conjugatién.

In summary, the intriguing behavior of tetraene; Bandwich
complexes, photoinduced face-inversion of the tetraene ligand on
a Pd-Pd—Pd array, was found. Such a process would originate
from the unique electronic structure of the polyene sandwich
compounds as well as from thestacking of the g-conjugated
ligands?!® The present strategy will be applied to the preparation
of a structurally well-organized organic/inorganic hybrid material
by employing an oligo- or polymer-sized conjugate molecule with
a tetraene substructure and g#Pdinker. The full photochemical
property of the polyene-polymetal hybrid compounds is now under
investigation.
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