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A review of all of the known structural stereotypes of dimeric Pt(I) or Pd(l) systems with at least one bridging
phosphido group is presented. The nature of the direct metatal interaction is affected by the number, nature,

and disposition of the various coligands. It appears that in some cases a béhbbhd is by itself a center of
nucleophilicity. On the other hand, it is experimentally known that the bridging phosphido ligand is a competing
nucleophile, giving rise to aagosticinteraction in Pg, but not in P4, derivatives. MO theory is used to outline

the major electronic features and correlation between different prototypes. Besides a qualitative approach based
on the EHMO method, DFT and MP2 methods were used to reproduce the experimental structures and to explore
the possibility of unknown tautomers.

Introduction

The chemistry of dimeric Pt(l) or Pd(l) systems with bridging ~ (4) Hagj-B\jigfhir_i,Rl\l-;JBg)WHing, J';tDceﬁgpaeg]égégéxglhK' R.; Meanwell,
; Al p . J.; Vefghi,R. J. Organomet. Che , .
phosphido groups has_ been reV|_taI|zed in re(_:ent years thanks (5) Leoni, P.. Pasquali, M.; Sommovigo, M. Laschi, F.. Zanello, P.
to the work of Leoni, Pasquali, et &lln this paper we Albinati, A.; Lianza, F.; Pregosin, P. S.; Ruegger,Gtganometallics
summarize all of the molecules, deposited in the Cambridge 1993 12, 1702.

i ; . ; (6) Leoni, P.; Pasquali, M.; Sommovigo, M.; Albinati, A.; Lianza, F.;
Structural Databasewhich contain the three-membered ring Pregosin, P. S.. Ruegger. Brganometallics1994 13, 4017,

M2P. Occasionally, the original publications have also reported (7) Leoni, P.; Pasquali, M.; Sommovigo, M.; Albinati, A.; Pregosin, P.
some kind of theoretical analysis. In this paper, we attempt to S.; Ruegger, HOrganometallics1996 15, 2047.

provide an overview of the chemical bonding and the implicit ~ (8) Iigeggi'sil; Zﬁ’j;quali, M.; Pieri, G.; Englert, U.. Organomet. Chem.
reaction capabilities of the various species under the unifying 9) Sommovigo, M. Pasquali, M.: Leoni, P., Braga, D.; Sabatin@frm.

concepts of perturbation theory. When necessary, ab initio MP2 Ber. 1991 124,97.
and DFT calculations were carried out to reproduce basic (10) Bennett, M. A.; Berry, D. E.; Dirnberger, T.; Hockless, D. C. R.;

; ; Wenger EJ. Chem. Soc., Dalton Tran$998 2367.
experimental trends. The DFT calculations were employed to (11) van Leeuwen. P. W. N. M.: Roobeek, C. F.: Frijns, J. H. G.: Orpen,

give quantitative support to the various MO architectures built A. G. Organometallics199Q 9, 1211.
up from the simple extendedldkel calculations. (12) 2) Jans, J.; Naegeli, R.; Venanzi, L. M.; Albinati, A.Organomet.
Chem.1983 247,C37.
R It and Di . (13) Siedle, A. R.; Newmark, R. A.; Gleason, W. 8 Am. Chem. Soc.
esult an ISCUSSIon 1986 108, 767.
14) Leoni, P.; Pasquali, M.; Pieri, G.; Albinati, A.; Pregosin, P. S.; Ruegger,
Table 1 presents the relatively small number of different (14) H. Organome?allicslg% 14, 3143. g 99
stereotypes g—h) which have been identified for dimers (15) Arif, A. M,; Heaton, D. E.; Jones, R. A;; Nunn, C. Morg. Chem.
ini i - i i i 1987 26, 4228.
gontalnlng the M(u-PRy) unit, M = P, .Pd' This selectlpn I.S (16) Sommovigo, M.; Pasquali, M.; Leoni, P.; Englert, ldorg. Chem.
limited to 16-electron metal centers with planar coordination. 1994 33, 2686.
The gross features of the selected compouhd®5 (their (17) Leoni, P.; Sommovigo, M.; Pasquali, M.; Sabatino, P.; Braga].D.
identities are listed Table %)?° can be described as follows. Organomet. Chenfl992 423, 263.
(18) Taylor, N. J.; Chieh, P. C.; Carty, A.J.Chem. Soc., Chem. Commun.
1975 448.
T Istituto per lo Studio della Stereochimica ed Energetica dei Composti (19) Leoni, P.; Chiaradonna, G.; Pasquali, M.; Marchettinbrg. Chem.
di Coordinazione, CNR. 1994 33, 2686.
* Departamento de Quiica Inorgaica. (20) Bender, R.; Braunstein, P.; Dedieu, A.; DusausoyAlvgew. Chem.,
8 Present address: Departamento dén@ca Feica y Analtica, Uni- Int. Ed. Engl.1989 28, 923.
versidad de Oviedo, Spain. (21) Albinati, A.; Lianza, F.; Pasquali, M.; Sommovigo, M.; Leoni, P.;
(1) See, for example, the references in the following: (a) Leoni, P.; Pregosin, P. S.; Ruegger, Hhorg. Chem.1991 30, 4690.
Papucci, S.; Pasquali, MPolyhedron1998 17, 3145. (b) Leoni, P.; (22) Leoni, P.; Pasquali, M.; Fortunelli, A.; Germano, G.; AlbinatiJA.
Pieri, G.; Pasquali, MJ. Chem. Soc., Dalton Tran%998 657. Am. Chem. Sod 998 120, 9564.
(2) Cambridge Structural Database System, version 5.15, Cambridge (23) Falvello, L. R.; Fornies, J.; Fortuno, C.; Martinez,|fRorg. Chem.
Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ, 1994 33, 6242.
U.K. (24) Albright, A.; Burdett, J. K.; Whangbo, M. HDrbital Interactions in
(3) Leoni, P.; Pasquali, M.; Sommovigo, M.; Albinati, A.; Lianza, F.; Chemistry;Wiley: New York, 1985.
Pregosin, P. S.; Ruegger, Brganometallics1993 12, 4503. (25) Dewar, M. J. SJ. Am. Chem. S0d.984 106, 669

10.1021/ic990275j CCC: $18.00 © 1999 American Chemical Society
Published on Web 09/29/1999



Pd(l) and Pt(l) Dimers with Bridging Phosphido Ligand(s)

Inorganic Chemistry, Vol. 38, No. 21, 19994621

Table 1. Binuclear Pd and Pt Complexes Which Contain the Inner Cos@#R:) and Appear in the Cambridge Structural Database (April

1998%
0,+1 +2 R +
S L L A N
Ny pd Nt L\M/ Nt S \M/L NN
2 1 —
/ \ A A | >Sc )
L L L L —"T—~—g wy
a b c d
1 + 0,+
RR Rp ] RR ] Rp
P\ /P<PI‘U P—H P,
v
S K D
)i \ /AU’—__.P\ __F\ p L
R R L R R R L R \R
e f g h
type compd refcode and no. M R L L M1—M, M —Py, ref
a HASLES,1 Pd Bu PBu,Et O;SCR 2.648 2.227 3
a JIFHAH, 2 Pd Ph PPh dippnt 2.688 2.248 4
a LANNAP, 3 Pd ‘Bu PHBu, 2CO 2.682 2.272 5
a POMPOW 4 Pd ‘Bu PHCys 2PHCy 2.834 2.267 6
a POMPUC,5 Pd ‘Bu PMeg 2PMg 2.692 2.254 6
a TAQBES,6 Pd ‘Bu PHCys PHCy, + CO 2.744 2.273 7
a TEXKOW, 7 Pd ‘Bu PMeg dppn® 2.687 2.262 8
a TEXKUC, 8 Pd ‘Bu n*-dppm dpprf 2.722 2.291 8
a VIGDEU, 9 Pd ‘Bu PHBU, n*-0OGCsHs 2.662 2.255 9
2.260
a not avail.,10 Pd Ph PPh PhP(CHa) 2.655 2.260 10
b JELCUY,11°¢ Pt Ph PP{OH PPRO~ 2.907 2.305 11
b CARFOQ,1 Pt Ph PPh PPh + Ph 2.900 2.250 12
2.160
b DOJGOY,13 Pt Ph PPh PPh + Ph 2.885 2.239 13
2.289
c ZEPMUC,14 Pd ‘Bu PPh CS 2.708 2.269 14
d HASLAO, 15 Pd ‘Bu PHBuU, butadiené 2.751 2.273 3
d TAQBIW, 16 Pd ‘Bu PHCys butadiene 2.713 2.253 7
e FUVMAK, 17 Pd ‘Bu PMeg PBu; 2.571 2.330 15
e HEMPEU,18 Pd Cy PCyOPh PCy 2.620 2.317 16
e VONTIB, 19 Pd ‘Bu PHBuU, PBu; 2.594 2.335 17
e DPTPPT 20 Pt Ph PPh PPh 2.604 231 18
e not avail.,21 Pt ‘Bu PHBuU, (6{0) 2.613 2.312 19
f SAXPUC,22 Pt Ph PPh PPh 2.660 2.315 20
g KOSTIV, 23 Pd ‘Bu PHBU, PHBuU, 2.611 2.31 2125
h not avail.,24 P ‘Bu PHBu, H, PHBuU, 2.640 2.290 22
h YEXXUU, 25 Pd,P¢ Ph PPh Ph, Ph 2.658 2.354 23
2.243
adippm=PLPCHPPF,. ® dppm= PhhPCH,PPh. ¢ Total charge= 0 on account of two anionic ligand$Total charge= +1 on account of one

anionic ligand.¢ butl = 2-methyl-1,3-butadiené Agostic interaction9 d® metals." Average value' Pt—P,, distance! Pd—P,, distance.

Chart 1

Type a. LL'M(u-PRz)MLL ' complexes (+10). By con-
sidering the in-plane L and'ligands as the donors of tw®
electron pairs, the bonding within the ;M framework stems
from three occupied MOs (i.e., 4dy, and 23), schematically
shown in Chart 1. The first level stems from the interactions of
radial orbitals, and the other two stem from ttamgentialones.
Moreover, only the electrons in the 28O can be thought as
belonging to 8 metals (singly occupied,cbrbital of the typical
L,M fragment4) while the other filled bonding levels originate
from theo and p, lone pairsof the phosphido bridge. The level

b,

pattern is analogous to that efaromaticity in cyclopropan,
which has been adapted also to triangular metal cludters.

Types b—d. LL 'M(u-PRy)(u-acceptor)MLL' Complexes
(11-16). Formally, these species derive from those of tgpe
when an electrophilic atom or group is added over the W
linkage. The nucleophilicity of the latter is consistent with the
filled MO 2& in the frontier region (Chart 1). In actuality, there
is no experimental evidence that the protonation of a gpe
complex leads straightforwardly to one of typecontaining a
bridging hydride. Most probably the required oxidative addition
process is a difficult one. Nonetheless the &implexesl1—
13 (obtainable through different routes) are formally consistent
with the above picture (oxidation of the metal atoms frota d
d® to B—d® and evolution of the single MM bond into a
weaker three-center (M)/two-electron interaction).

The idea of nucleophilicity of the MM linkage in the species

(26) Mealli, C.J. Am. Chem. S0d.985 107,2245.
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Chart 2

of type a is corroborated by the existing complex#4—16
where small molecules with residual electrophilicity in their
central region are added up. In particular, the molecules carbon
disulfide and butadiene are well tailored to donate twone
pairs and to accept backdonation into an overalievel which

is cylindrically symmetric in the middle region. The drawings
in Chart 2 show the empty G&nd GHg combinations which
can interact with the Rdcombination 2a Allyl, cyclopenta-
dienyl, and other conjugated organic groups may exert similar
functionality. Although no structural characterization of the latter
adducts has been reported for phosphido-bridged systems
structures with a bridging halide ligand are availadle.

General theoretical ideas have been repéttibat substantiate
the above models. In particular, a qualitative MO analysis of
the CS adductl4 has been present@¥Also there are ab initio
studies for the allyl derivative with one halide in place of the
phosphido bridgé€? We have tried to reproduce, at DFT and
MP?2 levels,C,, models of14 with the simplest H substituents
at all of the phosphorus ator®s.Although the optimized
structure is substantiated by no imaginary frequency, the
agreement between the experimental and calculated)&sn-
etry is not excellent. In particular, the bridging £&§oup is
insufficiently bent (by at least°8with respect to the experimental
value of 145.6) so that the PeC distances are too long (by
ca. 0.2 A). Itis known that the routine MP2 and DFT approaches

Mealli et al.

Chart 3

always overestimated and prevents a sufficient bending of the
triatomic35-37

v Type e. LM(u-PR2)-ML (17 —21).In these species, a second
phosphido bridge formally replaces two terminal L ligands in
the complexes of typa. We have optimized the models of the
Pt and Pd analogues s symmetry at the DFT level. While
the platinum structure has a qud3j, skeleton [with linear
Perm—Pt—Pt vectors and a rhomboidal JRi-P), unit], the
palladium analogue has slightly asymmetric-fRg;iqge distances
and nonlinear Bn—Pd—Pd angles8 It is noteworthy that the
latter deformation has a minimum energy gain<df kcal/mol
with respect the optimize,, structure (with one imaginary
frequency).

Consistent with the local trigonal coordination of the metals,
the highest pair of filled MOs consists of the two symmetry
combinations of the ,g orbitals with an inverted order (DFT
level) for Pt and Pd species, respectively. While the HOMO

may produce unsatisfactory results in peculiar cases such asf the former (see drawing in Chart 3) is thein-phase

the present one. It has been pointed3®that whenever the
ionic component of the bonding is overestimated it may be
necessary to evaluate propette dynamic correlatiotetween

combination destabilized by thadial phosphido orbitals, the
out-of-phasecombination ) lies higher in the Pgdanalogue
and involves a significant contribution of thengential P

the ground and the excited states. Indeed, we plan a collaborativeprbitals. The inversion is not caused by the slight deformation

work33 to perform CASSC# calculations for a model of4.
Electronic correlation problems are typically found in poly-
hapto-bonded GSmetal complexes. At the EHMO level, for
instance, the repulsion betwe@n plane sulfur lone pairs is

(27) (a) Jolly, P. W.; Kruger, C.; Schick, K.-P.; Wilke, G. Katurforsch.,
Teil B 198Q 35, 926. (b) Tanase, T.; Nomura, T.; Yamamoto, Y.;
Kobayashi, K.J. Organomet. Cheni991, 410,C25. (c) Tanase, T.;
Nomura, T.; Fukushima, T.; Yamamoto, Y.; Kobayashi, IKorg.
Chem.1993 32, 4578. (d) Tanase, T.; Fukushima, T.; Nomura, T;
Yamamoto, Y.; Kobayashi, Knorg. Chem1994 33,32. (e) Osakada,
K.; Ozawa, Y.; Yamamoto, AJ. Organomet. Chenl99Q 399,341.

(f) Hayashi, Y.; Matsumoto, K.; Nakamura, Y.; Isobe, K.Chem.
Soc., Dalton Transl1989 1519. (g) Sieler, J.; Helms, M.; Gaube, W.;
Svensson, A.; Lindqvist, Ql. Organomet. Chenl987 320, 129.

(28) P. Hofmann results in ref 33 and section VI in the following: Werner,
H. Adv. Organomet. Chenil981, 19, 155.

(29) Leoni, P.; Pasquali, M.; Fadini, L.; Albinati, A.; Hofmann, P.; Metz,
M. J. Am. Chem. S0d.997 119, 2865.

(30) (a) Kurosawa, H.; Hirako, K.; Natsume, S.; Ogoshi, S.; Kanehisa, N.;
Kai, Y.; Sakaki, S.; Takeuchi, KOrganometallics1996 15, 2089.

(b) Sakaki, S.; Takeuchi, K.; Sugimoto, M.; Kurosawa, ®fgano-
metallics1997, 16,2995. (c) Zhu, L.; Kostic, N. MOrganometallics
1988 7, 665.

(31) Selected distances (A) and angles (deg) from DFT and MP2 (in
parentheses) calculations: Pd= 2.789 (2.830); PttPyigge= 2.290
(2.328); Pa-Pierm = 2.347 (2.349); PeC = 2.495 (2.485); P&S =
2.648 (2.535); &S =1.614 (1.642); PtPyiage—Pd= 75.00 (74.87);
Pd—Pd—Perm = 161.95 (159.67); €S—C = 163.18 (153.63).

(32) Dedieu, A.; Sakaki, S.; Strich, A.; Siegbahn, P. E.Ghem. Phys.
Lett. 1987 133,317.

(33) Mealli, C.; Galindo, A.; lenco, A.; Sakaki, S. Work in progress.

(34) (a) Roos, B. O.; Taylor, P. R.; Siegbahn, P. E.Qlhem. Phys198Q
48,157. (b) Siegbahn, P. E. M.; Almlof, J.; Heiberg, A.; Roos, B. O.
J. Chem. Physl1981, 74, 2384.

of the PdP, rhombus but is attributable to the different
diffuseness of the d metal orbitals themselves. Potentially, a
HOMO, with different percentages of metal and phosphido
character, can determine the reactivity of the given species
toward electrophiles (see below).

Since the =-M—M-—L grouping is almost collinear, the
M—M bond stems from the interaction between two hybrid
x2 — y? orbitals, their antibonding combination being empty.
Importantly, the M-M bonding MO is no more bent as it was
2a (see Chart 1) and, in comparison with the compoule$0
(type a), the M—M separation in17—21 appears definitely
shorter. In contrast, the two highest filled MOs, with dnd
drz* characters (Chart 3), concentrate electron density at the
metals and are the cause for the observed nucleophilicity of
the species.

Type f. LPt(u-PRAUL) oPtL (22). A clear example of the
nucleophilicity of the dimers of type is clearly shown by the

(35) Mealli, C., Hoffmann, R.; Stockis, Anorg. Chem.1984 2356.

(36) Bianchini, C.; Mealli, C.; Meli, A.; Sabat, M. IStereochemistry of
Organometallic and Inorganic Compoundean Bernal, Ed.; Elsevier
Science Publishers: New York, 1986; Vol. 1, p 146.

(37) Galindo, A.; Mealli, C.Inorg. Chem.1996 35, 2406.

(38) A selection of the optimized geometrical parameters (A and deg) for
the Pd and Pi models ofetype complexes are as follows (the
corresponding experimental values of the structur@sand 20 are
given in parentheses): PdPth = 2.687 (2.620); Pg-Phridge= 2.414
(2.317); Pd—Puridge = 2.432 (2.316); PePerm = 2.333 (2.236);
Pch—Poridge— P = 67.09 (68.87); P-Pth—Prerm = 170.52 (173.9).
Pt—Pb = 2.696 (2.604); Rt-Pprigge = 2.402 (2.31 av); PtPem =
2.280 (2.23 av); Pd-Pyrigge—Pdh = 68.35 (68.54).
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Chart 4 Table 2. Energy and Selected Structural Paramétefshe Four
Optimized Models with Formula (PHM(PH)(PHHn)H1-n, M =

Pd, Pt,n = 0,1° (Experimental Values Are Reported in Parentheses
When Available)

L typeg typeh typei typej
Pd Pt Pd Pt Pd Pt
M1—M; 2.699 2727 2768 2.778 2779 2774
M;—Py 2.361 2326 2401 2.331 2.421 2.336
Mo—P, 2378 2274 2406 2.344 2360 2277
M;—P; 2696 2.368 3.700 3.715 4.096 4.003
reactivity toward LAU fragments. Two of the latter are jointly ~ M2—Ps 2.372 2297 2390 2.340 2418 2.363
added by one metal and one phosphido group although the Pt M1=Ps 2396 2456 2287 2236 2295 2.288
. . . Mo—Ps 2.329 2293 2289 2249 2302 2294
Au interactions seem comparatively stronger than théA® H-M, 2054 1636
ones?° The resulting structure @2is qualitatively in agreement H,—P; 1.469 2.559
with the ideas outlined above as also the original authors pointed M1—M>—P; 177.6 176.4 1649 164.8 153.2 156.3
out the nucleophilicity of the filled gorbital combinations in M1—Ma—Ps 638 554 914 927 1038 103.0
the frontier region of the precursét.The overall electronic My—Ps—M, 704 700 744 766 744 736
features oR2are probably worth a complete theoretical analysis "2 M+ P 162.9 1457 1649 1708 1065 110.8
e2are p y P VSIS H—M;—M, 84.8  130.1
at the ab initio level. AEs (Pd species) 0.00 0.88 2.23
Type g. LPd(u-PR2)2(#-PR:H)PdL (23). The elegant studies ~ AEs (Pt species) 0.00 4.48 5.79

of Leoni, Pasquali, et &lhave shown that the protonation of aDistances (A), angles (deg), energy (kcal/mbtomic labeling

the Pd species LPd(-PR,).PdL (R = 'Bu) (type €) leads can be interpreted as follows, 8nd B refer to the terminal phosphines
ultimately to compounds of type (see Table 1). NMR linked to the metals Mand M, respectively. Pand R are the bridging
spectroscopy and the X-ray structure2&indicate that a PH phosphorus atoms £ occasionally involved in thagosticinteraction
linkage is engaged in aagostictype interactiof® while the with the H bound to atom }). ¢ The position of the relevant H atom
phosphine ligand (formed in situ) bridges the metal atoms. In E,?\jl"d Pnol\t/|Pbek dleterm'”ed from hthe x-r?yh analyseds. Hence, the
other words, the phosphidg plectron pair (see MOsbin Chart (u-P}MP skeletons appear to have a higher pseudo symmetry.
1) which is used to saturate the metals in the speaiesis Chart 5
now engaged with the added proton. One metal atom is only

partially saturated by the electron density of the PH linkage HA 1 Ho HH H —I
itself. We will address below in more detail the electronic AN ~p’ onH
structure of this species together with those of the stereotypes | H H{i l / TH
Y B—
n | _ AN ANz
Type h. LM(z-PR2):ML > (24 and 25).Leoni, Pasquali, et H P H H P
al. have obtained the Ptomplex24 with one hydride among CAY CAY

the terminal ligand$? This type of structure also has been
observed in the PtPd dimer25, with two terminal phenyl
ligands on the Pt atof?.Irrespective of the metal, the structure
observed for24 can be considered a tautomer 28 (agostic
typeg). In principle, if a proton is added to a complex of type
e, it may not stay linked to the P bridging atom but shift to a
terminal position thus forming a hydride because of the oxidative
addition process. Accordingly, the twé dhetals (square and
trigonal planar, respectively) would be joined via the dative
M—M bond from the nonbonding? — y? lone pair of the former
to an emptyo hybrid of the latter (Chart 4). In any event, the
above migration process is questionable becauseagostic
derivative of typeg (23) is obtainable through the direct
acidification of a Pd species of types but the corresponding
Pt, compound24 (type h) is formed through a quite different

[T

of typee (Chart 3) as the potentiality of the phosphory®pital
as a donor is finely tuned up.

We have attempted full MP2 optimizations of the model
compound®23 and 24 with H substituents at the P atoms. The
results are summarized in the first two columns of Table 2. The
stereoisomerg andh have been optimized for the Pdnd Pt
dimers, respectively, and there is no evidence that the alternative
stereoisomer exists in either case. This result agrees with the
greater propensity of platinum to undergo oxidative addition,
in line with the larger enthalpy expected for thePtvs Pd-H
linkage#® In general, the agreement between calculated and

route. The latter starts from an alread§-d® dimer, LoPt(u- experimental structures is relatively good although the calculated
PRy)-PtL,, which contains no M-M bond?? M—M and M—P distances are long. _ _
In previous HF and DFT treatments of both the: Bdd Pj As reported in Table 2, two additional tautomeirsgnd j

(Chart 5), could be optimized for either theRu Pt derivative.

In any case, the energetics iolnd| are a few kilocalories/
mole higher than those of the mod@8and24 (typesg andh,
respectively) but the calculated frequencies confirm their
reliability as minima of the PES. The isonjemvhich lies higher

dimers23 and24 (CHs groups were used in place &u ones)
only the positions of the phosphorus H substituents were
optimized over the skeleton of the heavier atoms, obtained from
X-ray structure? Significantly, the P-H agostictautomer is
reproduced for the Baépecies while the structure with a terminal ;
hydride ligand (typeh) is preferred by the Rtanalogue. As in energy, seems chemlcally_ reasonable. In_ fact,_analogously
mentioned, the result is in good agreement with the different t© Chart 4, the linearly coordinated‘netal (right side) may

t f the HOMO pointed out for th dP use its populated-type orbital for donation into an empty
natire otthe pointed outfor the Pahd P precursors hybrid of the facing 8 metal (T- shaped). On the other hand,

the presence of two terminal BRgands on the same side of

(39) Brookhart, H.; Green, M. L. H. IProgress in Inorganic Chemistry;
Lippard, S. J., Ed.; Wiley Interscience: New York, 1988; Vol. 36, p
1.

(40) Martinho Simoes, J. A.; Beauchamp, JQhem. Re. 199Q 90, 629.
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Chart 6

Chart 7

the M—M bond may cause a steric problem which is small only
in presence of H substituents. Alternatively, an appropriate
diphosphine chelate ligand could avoid the hindrance. More
surprising is the isomer of typé because of the vacant
coordination site at the rightmost metal atom. According to
EHMO calculations'! an empty metal hybrid (illustrated in
Chart 6 by a CACAO drawirn) lies relatively low in energy
and confers a clear-cut electrophilicity to the system.

There are many stable compounds of tgpd—10) with an
added terminal ligand with respect to the speci&ignificantly,
the hybrid of Chart 6 seems clearly directed toward one
phosphorus atom of the fully coordinated metal rather than to
the site of the missing ligand. Indirect support for this stabilizing
interaction comes from the experimental structure of the dimer
[(dppp)Pd}™2, dppp = PPh(CH,)sPPh, where two noncol-
linear, and apparently unsaturated, chelatd fragments adhere
to each othef® On each side of the PePd vector, one
phosphine of a dppp ligand occupies a semibridging position.
According to the results of ab initio calculations, the autffors

Mealli et al.

unsaturated! In another comparable case, the-Kfis, interac-
tion was unseen in solution, but was detected from¥GeNMR
solid state spectr& For a most recent achievement see Note
Added in Proof.

The DFT optimization of th&Cs model presented in Chart 7
also produced a RéCipso distance of 2.601 A with a cor-
respondingly small but positive overlap population. However,
this structure appeared unreliable after a calculation of the
frequencies (two imaginary values). Further attempts of opti-
mization in C; symmetry showed a clear propensity of the
phenyl ring to rotate about the-fCipso axis, and no convergence
was attained. In our opinion, also the latter unsuccessful
computations are chemically meaningful to dismiss an extra
stability possibly due to the P&Cipso interaction and need to
be pointed out.

Conclusions

In this paper, we have reviewed all of the structural prototypes
determined for Pdand P$ dimers containing at least one
bridging phosphido group and having each metal in a planar
coordination environment (16-electron configuration). Calcula-
tions, carried out by using the Gaussian 94 pacKa@dP2
and DFT levels), reproduce known experimental structures,
suggest unknown structural tautomers, or dismiss alternative
chemical hypotheses. Moreover, the qualitative concepts of
perturbation theory and the graphs derived from EHMO
calculationé™42 highlight the basic interactions and allow one
to correlate the different members in this class of compounds.

Computational Details

All ab initio calculations were performed with the GAUSSIAN94
packag€e’s Unless specified in the text, the models have hydrogen
substituents on the phosphorus atoms. The molecular geometries were
determined using the density functional (DFT) and/or the Moeller
Plesset (MP2) methods. For the DFT calculations we used Becke’s
1988 functiondl and the correlation functional of Lee, Yang, and P&rr.
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