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Compounds with metalmetal bonds have grown in number and
importance since the discovery of ®4g?~ ion nearly 40 years
ago?! There are now thousands of derivatifesjith the most
prominent structural motif being that of the paddlewheel in which
a metat-metal bonded unit, M, is surrounded by eight equato-
rially bonded atoms and sometimes two axial groups. In many of
these molecules the symmetry is rougbly, or a variation thereof.
Some of these compounds have useful applications, for example,
those having singly bonded Rt and P1¢* units which have been ;
extensively used in catalySiand mediciné.Mixed valence species,  rigyre 1. The structure of3 with displacement ellipsoids drawn at the
such as those in the platinum blues, have also been widely studied. 40% probability level. Hydrogen atoms are not shown.

Even though there are known paddlewheel compounds for most of
the transition elements, very little is known about analogues;bf Pt

in group 10. Indeed, there is only one compound spectroscopically
characterized with a proposed,fi coré® and only one structurally
characterized compound containing a®dore, namely Pghpp)-

Cl, (hpp = the anion of 1,3,4,6,7,8-hexahydrétdyrimido[1,2-
alpyrimidine)’ The P@*" precursor contains no metanetal bond
because of the&configuration of the Pd(ll) atoms, which in a
paddlewheel compound will give rise to @r%020*2mr*40*2
configuration with a bond order of zero. The compoung(Rap),- ; . . L
Cl, was prepared in low yield and mixed with other compounds. with hybrid HF/DFT calculatl_onS on the simplified mode!s-
Because the crystals had to be manually separated from other solidsP %(CeHaPME)o(0,CH)CI, havingC, symmetry. The calculations

i -1
progress in development of the £d chemistry using this com- fa\fredhthe s_lng_:_ethtatel by 39812 kﬂ:‘bl S d fth
pound has been hampered. s shown in Tables 1 an , the optimized geometry of the

: . inglet state resulted in good agreement with the experimental
Here we report high yield syntheses of very pure paddlewheel sing : . :
compounds having PePd single bonds and the general formula values. The calculated PdPd distance (2.611 A) is overestimated

; : _ but by only 0.068 A relative to that i. The very large HOMO/
Cis-Pdy(CsH4PPh),(O,CR)CI, with R = CHs (1), Ck; (2), and -
CMe; (3),8 obtained by oxidation of the correspondirig-Pch(CHa- LUMO gap of 2.54 eV (58.6 kcaiol~1) accounts for the observed

PPh),(O;CR), compound with Phl-Cl,.20 Compoundsl and 3 diamagnetism. As shown in Figure 2, the HOMO originates from
. - oy .
are stable in solutions of chlorinated solvents for over 48 h, and the i!rect overlap IOf .tWO :‘obles of t:lez ob_rbltalls thaht prowdlesla
crystals may be stored for weeks at ambient temperature and in air'gnificant accumulation o (_aectron gnsny_ along the . ta
without apparent decomposition. Howevarslowly decomposes bond, whereas the LUMO is the antibonding interaction of these
. S . . .
in solution and as a solid at ambient temperature. It appears that™0 o O”rb(';fils' Accordmgly,éheLe 1S al smgle. bond bffetwee.n thesfe
the electron donating ability by the carboxylate substituents has antv;/o%g;? *'fm aLoms, an d t eh e;t;:tromcfrh(.:o_n |g_ur_al1t|on 0
important impact in stabilizing the products, and it should be noted o """ may be assigne to the Pd unit. This IS simi ar_to
that it was not possible to oxidizeis-Pcy(CsFsPPh):(0,CMe), what was calculated using a Hartreleock self-consistent field
. 7
All compounds are diamagnetic as shown by sharp singlets at method for P_g(hpp)4(_2I2. . .
~13.8,-8.8, and—14.0 ppm in thé’P NMR spectra fot, 2, and Since the interaction between th¢ drb_ltals of tr_\e palladlum_
3, respectively, and by the position of the signals in tHeNMR atoms and thep, orbitals from the axial chloride atoms is

spectra which are in the expected region for orthometalated Izintlboqdlng n (ihargct:erl,)'t:f]re e{fe?tf()f the a()j(lal;(m)ns 0? thel .
phosphines bridging a dinuclear ufit. & unit was explored by calculations, and a fragment analysis

oo formed on botbis-Pd,(CsHsPMe,),(O.,CH),Cl, and [is-
The structures o2 and 3 show a Pgf* unit bridged by two Were per ot
carboxylate groups and cisoid orthometalated phosphine IigandsPdZ(Cs'_L‘P'\/le‘Z)Z(OZCH)2 models. The results (Tables 1 and S2)

in a head-to-tail arrangement. There are also two chloride groupSshow that the axial Cl atoms do influence other bonding distances,
in axial positions, as shown in Figure 1 f8r There is a twist in but their effect on the PdPd bond appears to be most significant

the orthometalated ligands; the molecules are chiral but crystaIsWhen cgmpared _to the model devoid of axial |ntera_ct|ons. The
calculations for this model show very short-Féld bond distances.
* Texas A&M University. These are shorter by ca. 0.1 A than those in the model with axial
* Universitat de Valencia. chloride ligands. The reason for the elongation of the-Pd bond

are racemic. For bot@ and3 the Pd-Pd distances (2.5434(4) and
2.5241(9) A, respectively) are much shorter than those in the
precursord(2.7229(8) and 2.6778(15) A, respectively) but longer
than that in the only known compound with a,dunit, Pd(hppy-
Cl, (2.391(2) A). The latter has guanidinate ligands which are
known for the high electron donating ability.

Because the shortened PEd distances and the diamagnetism
of 1-3 suggest the presence of a-Hed single bond, the electronic
properties and the nature of the Pld interaction were probed
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Table 1. Experimental and Calculated Bond Parameters (A and deg)

2-2CH,Cl, 3 ¢is-Pdy(CeHaPMe),(0,CH),Cly [cis-Pdy(CsHsPMes),(0,CH) 12+
spin 0 1 0
energy (au) —2856.762 —2856.732 —1935.682
Pd-Pd 2.5434(4) 2.5241(9) 2.611 2.816 2.493
Pd-P(1) 2.2511(11) 2.2621(19) 2.293 2.330 2.356
Pd-0(1) 2.140(3) 2.103(4) 2.130 2.134 2.108
Pd-C(1) 2.021(4) 2.028(7) 2.063 2.041 2.029
Pd—Cl 2.4144(11) 2.4262(18) 2510 2.569

Figure 2. Frontier orbital plot of the HOMO (left) and the LUMO (right)
for the modelcis-P(CsH4PMe)2(02CH).Cl, showing the PePd single
bond along the CtPd—Pd-CI unit. Both are antibonding with respect to
the Pd-ClI interaction. Positive and negative contours are in yellow and
blue, respectively. Orbitals are drawn using an isosurface value of 0.04.

by axial Cl interactions is similar to that in A¥%pp)Cl, compounds
described recentliZ and is due to metal-basedinteractions that
are perturbed by thegporbitals of the Cf ions. This is shown in

more detail elsewhere because of space limitations in a communica-

tion (see Supporting Information).

A time-dependent DFT calculation on the optimized geometry
of the dicationcis-Pdy(CsHsPMey),(O,CH).CI, allowed the assign-
ment of the low-energy transitions hand 3. The absorptions at
ca. 500 nm correspond to the HOMQUMO transition (calcd at
488 nm,f = 0.0657) and the relatively strong absorption at about
381 nm € = 2.0 x 10* M1 cm™ for 3) to a LMCT transition
(calcd at 431 nmf = 0.2458).

In conclusion, a general method has been found for the syntheses

of singly bonded P#* compounds having the formul,Scis-
Pdy(CeH4PPR),(O.CR).Cl,. When the alkyl group in the carboxy-

late ligands is an electron donor, the compounds are stable. Such

stability opens the way for exploration of the chemistry of these
rare Pd" compounds2 Of special interest will be the resolution

of the optical isomers and production of supramolecular entities

by replacement of the labile carboxylate ligands in a similar way
as the Rh analogu¥sand exploration of possible catalytic potential,
such as that in B compoundsP
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