J. Am. Chem. So@001,123,6927-6928

Reversible Interconversion between Dinuclear
Sandwich and Half-Sandwich Complexes: Unique
Dynamic Behavior of a Pd—Pd Moiety Surrounded
by an sp?-Carbon Framework

Tetsuro Murahashi,* Tomoki Nagai, Yukari Mino,
Eiko Mochizuki, Yasushi Kai, and Hideo Kurosawa*

Department of Applied Chemistry
Faculty of Engineering, Osaka Urersity
Suita, Osaka 565-0871, Japan

Receied January 3, 2001

Elucidation of the chemical behavior of an assembly of multiple
metals bound on sp- or %parbon networks is crucial in
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Figure 1. ORTEP drawing ofl-meso(Only one of the two independent
molecules in a unit celllA) was shown, 50% probability, BFanions
were omitted for clarity). Selected bond lengths (A). P&H1* 2.9156-
(6), Pd1-C1 2.378(4), PdtC2 2.176(3), Pd+C3 2.193(3), Pd1C4
2.231(3), Pd+C5 2.168(3), Pd+C6 2.355(4), C+C2 1.376(6), C2
C3 1.424(5), C3-C4* 1.395(5), C4-C5 1.430(5), C5C6 1.385(5).

a Pd—DPHT half-sandwich complex described below where

understanding and development of carbon-supported metal cataDPHT acts as a more genuinestallyl ligand, but retains that

lysts or metal-containing organic functional materiedSeveral

of the original DPHT to some exteht-urthermore!H and*3C

approaches along this line have been previously made, typically NMR spectra ofl-mesoin CD,Cl,** showed the considerably

using (oligo)fulvalene®—¢2 or r-conjugated linear polyent3as

a carbon network having long-scalerponjugation. There are
two primary aggregation forms, sandwich and half-sandwich
complexes with such carbon networks. While both are known to
exhibit unique properties within the framework of each form,

lower-field shifted triene terminal H1 protons 6.65) and C1
carbons § 129.45) compared to those of typical kigallyl Pd
species! The C-H coupling constants df-meso(C1 158.2 Hz,

C2 166.4 Hz, C3 165.8 Hz) indicated that the coordinated triene-
part maintains nearly $gharacter at the carbon atoms. Thus,

some remarkably new chemical behavior would be expected to the structural and spectroscopic aspects give little support to bi-

arise if a dynamic interconversion is introduced between the two
forms. Herein, we reveal a novel interconversion between the

n*-allyl dianion character for each DPHT ligandleinesodespite
the obviousu-»%: 773-coordination mode, and suggest considerable

sandwich and half-sandwich systems which involves making and contribution of the less-reduced DPHT ligands lying on the-Pd

breaking of metatmetal bonds, by utilizing a 1,3,5-triene-Pd
combination, the new and smallest member of the recently
developed polyene-Raéandwich chain compounds.

The reaction of a PdPd single-bonded complex [RE€H;-
CN)g][BF 4]2° with excessall-trans-DPHT (= 1,6-diphenyl-1,3,5-
hexatriene) in ChCl, afforded the red-colored sandwich dipal-
ladium complex [Pglu-1%: #3-DPHT)][BF 4], (1-mesq in 77%
yield after recrystallization (eq 1). The structurelemesowas
determined by X-ray structure analysis (Figure 1). Each unit cell
contained two independent moleculd#\(and 1B) having quite
similar structures. The PePd lengths (2.9156(6) A fodA/
2.9400(5) A for1B) were in the range of a PePd-bonding
interaction! The terminal phenyl rings were face-to-face stacking
over each other via mean separations of 3.48 Aliaf3.38
for 1B. Each Pd is formally in the-1Il oxidation state® However,
the trend in the €C bond lengths at DPHT, with particular
attention to the central C3C4* length, is different from that of

Pd unit!2

2+
Ph. Y N —l
L L_| o N\/\Ph @v\v/\v@
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When the solvent of eq 1 was changed to;CN, the yellow-
colored half-sandwich complex [Rg?®: 73-DPHT)(CHCN),]-
[BF4]2 (2) was obtained as a mixture of two isomers (the ratio
78/22 for2 in CDsCN at 23°C) (eq 2). The major isomer was
isolated (55% yield foR) by recrystallization from the mixture,
and its structure was identified a8santifacial by X-ray structure
analysis (Figure 2). Two Pd atoms are bound on the opposite
faces of theaall-trans-DPHT framework throughy3-allyl coordina-
tion mode. The central G3C3* length (1.474(7) A), which
emphasizes the-€C single bond character, is in accordance with
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in 2-antifacial. The minor isomer showed tHél and'3C NMR
patterns and chemical shifts similar to thos@edntifacial.'* The
symmetric DPHT signal pattern of this isomer rules out a
possibility of the 53-5-5%-allyl interconverted diastereomeric

(8) In the related edge-sharing bi-square-planar dinuclear complexes, some
are defined as Pt(lItyPt(lll) rather than Pt(h-Pt(l): (a) Usm, R.; Fornis,

J.; Falvello, L. R.; Toms, M.; Casas, J. M.; Mani A.; Cotton, F. A.J. Am.
Chem. Soc1994 116, 7160. (b) Alonso, E.; Casas, J. M.; Cotton, F. A.;
Feng, X.; Fornis, J.; Fortlo, C.; Tomas, MInorg. Chem.1999 38, 5034.

For Pd(I)-Pd(l): (c) Kostic, N. M.; Fenske, R. Hnorg. Chem.1983 22,

666. Pd(Ill) complexes are very rare: recently, a dipalladium(lll) complex
with bi-octahedral geometry was structurally characterized; (d) Cotton, F. A,;
Gu, J.; Murillo, C. A.; Timmons, D. 0. Am. Chem. S0d.998 120, 13280.

(9) Benet-Buchholtz, J.; Boese, R.; Haumann, TTthe Chemistry of Dienes
and PolyenesRappoport, Z., Ed.; John Wiley & Sons: New York, 1997; pp
25-65.

(10) (a) Selected NMR data fdrmeso *H NMR (CD.Cl,) 6 6.76 (d,J
= 13.8 Hz, 4H, H) 5.26 (m, 4H, H) 3.98 (m, 4H, H). 3C NMR (CD,Cl)

0 129.5 (s, C1) 98.9 (s, C2) 93.1 (s, C3). (b) Aerac: *H NMR (CD,Cly)
0 5.95 (d,J = 13.5 Hz, 4H, H) 5.79 (m, 4H, H) 3.67 (m, 4H, H).

(11) Henc, B.; Jolly, P. W.; Salz, R.; Wilke, G.; Benn, R.; Hoffmann, E.
G.; Mynott, R.; Schroth, G.; Seevogel, K.; Sekutowski, J. C.;dém C.J.
Organomet. Chenl98Q 191, 425.

(12) The electronic structure df is still elusive without completion of
high level molecular orbital calculations.

10.1021/ja010027y CCC: $20.00 © 2001 American Chemical Society
Published on Web 06/23/2001



6928 J. Am. Chem. Soc., Vol. 123, No. 28, 2001 Communications to the Editor

Chart 3
N4 —l 2+ eh,
Pd C~C Bond "[ 2+
o . Rotation (<
NN — |Ph,
/t\ Ph -— \//_yl
Pd 1" Pa
A : Pa 1
v N 2BF, AN
2-antifaclal
Pd-Pd Bond
Formation
Ph
Pheer a5 2+ 24|
= e | 2 alitransDPHT Ph—l
~ trans, cis, trans-DPH
Pd——Pd -— *
-4L L~Pd=—Pd—L
Ph’\V/V,L\fPh [
2BF4 L L 28F
1-rac 5

acetonitrile ligands, and the resulting momep?: 7>-DPHT Pd-
Pd complexd would rearrange t@-synfacialexclusively via Pe-
Figure 2. ORTEP drawing oR-antifacial (50% probability, Bk anions Pd bond cleavage.

were omitted for clarity). Selected bond lengths (&) P€Il 2.132(4),

Pd1-C2 2.129(4), Pd+C3 2.128(4), C+C2 1.393(5), C2C3 1.411- o
(5), C3—-C3* 1.474(7). Ph'i”‘/\/,l-&""
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Chart 2
S L Py ]2 When 2-_synfacia| _thus formed andall-trans-DPHT (5 eqyi\_/)
() 2L L_P{,_jd_L were co-dissolved in CiZl, at —40 °C, the four acetonitrile
UGN I ligands were immediately replaced by DPHT to geneflatac
PR NG N\zi-Ph NN
1mes 25 s R as a kinetic product (eq 35.Ultimately, 1-rac isomerized to
[ 1-mesowithin 3 h at 23°C (1-rac/l-meso= 2/98) (eq 3)®
P P 12 Interestingly, the similar treatment @fantifacial with all-trans-
Pln\ 4 — L_P{,_Jd_L DPHT afforded not onlyl-rac but trans,cis,trandDPHT (86%
L/ZLY ¢ Voo Gommee” El NMR yield) (eq 4), the latter of which was never found in the
-synfaclal 4

corresponding reaction @ synfacial'’ This observation strongly
suggests that the coordinated DPHT2rantifacial is replaced
by all-trans-DPHT in a stereoretentie manner Probably, as
depicted in Chart 3, the reaction began with € bond rotation
of 2-antifacial to bring two Pd atoms close to facilitate PBd
bond formation, yielding an intermediale The trans,cis,trans-
DPHT ligand of5 would then be replaced tajl-trans-DPHT to
lead to3, and eventually td.-rac.

isomer of2-antifacial such a2A or 2B (Chart 1). This, together
with the characteristic reactivities of the two isomers with DPHT
described below, led us to assume the structure of the minor
isomer as2-synfacial (eq 2), rather than a rotational isomer of
2-antifacial (2C in Chart 1). In eq 2, triene acts as a 2e-oxidant
and Pd-Pd bond in [Pe{CH;CN)g]?" is cleaved.
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2
2-antifaclal 2-gynfacial

In summary, we prepared the dinuclear metallo-sandwich and
half-sandwich compounds of the trienBd, combination, and
revealed the reversibly interconverting process between them.
These new aspects might represent a case where the electronic
state of the multiple metal unit, for example the presence or
absence of the metametal bonding, depends significantly on
ethe number of the contacting sparbon frameworks.

Then, we examined the interconversion between the obtained
sandwich and half-sandwich dipalladium complexes. When
1-mesowas dissolved in CECN at —40 °C, one of the DPHT
ligands was replaced by four acetonitrile ligands to f&+syn-
facial quantitatively (eq 3}* Although no intermediate was
observed during this reaction, it would be reasonable to assum

that initially two acetonitrile ligands coordinate to the -Fed Supporting Information Available: ~Characterization data and
center to affordu-y% n?-sandwich intermediate(3) (Chart 2). crystallographic data (PDF). This material is available free of charge via
Then oner-bound DPHT ligand would be replaced by additional the Internet at http:/pubs.acs.org.

(13) Selected NMR data fd-antifacial: *H NMR (CDsCN) ¢ 7.70 (d,J JA010027Y
= 7.3 Hz, 4H,0-Ph), 6.57 (br t, 2H, b}, 5.21 (d,J = 11.1 Hz, 2H, H), 4.46
(br d, 2H, H). *3C NMR (CDsCN) 6 110.4 (s, G) 83.7 (s, G), 78.5 (s, G). (15) The formation of another minor product (28% at 26 from
For 2-synfaciat *H NMR (CDsCN) ¢ 7.78 (d,J = 7.8 Hz, 4H,0-Ph), 6.89 2-synfacialand 23% at 25C from 2-antifacial) was observed. Although its
(brt, 2H, H), 5.17 (d,J = 11.1 Hz, 2H, H), 4.46 (br d, 2H, H). 13C NMR structure has been still elusive, it showed two sets of nonequivalent DPHT
(CDsCN) ¢ 108.0 (s, G) 83.2 (s, G), 76.0 (s, G). Iigands (12 nonaromatic K protons), and is tentatively assigned as[rd

(14) 2-synfacial isomerized to the equilibrium mixture &-synfacial/2- 7% 73-DPHT)(u-DPHT)(CHCN)J?>" (see Supporting Information).
antifacial (22/78) within 24h in CBCN at 23 °C. This spontaneous (16) This suggests thdt-mesois thermodynamically more stable than
isomerization cannot be simply explained by the conventigfay-»° allyl 1-rac. On the other hand, meso-isomer is minor in typical mononuclear bis-

interconversion mechanism. The mechanistic study will be reported in a future »*-allyl Pd complexes such as B&{CsHs), (meso/racemic 30/70}.
article. (17) Othercis-DPHTs such agrans,trans,cisDPHT were not observed.



