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Triphenylphosphine has been featured prominently in metal
coordination chemistry. Palladium triphenylphosphine com-

plexes, in particular, have attracted their share of interest as a

result of their numerous applications in organic synthesis and
catalysis Here we report a previously unknown binary palladium

triphenylphosphine complex with an unprecedented triphenylphos-

phine bonding mode.

Yellow [(PPh),Pd{u-OH)].(BF,).® is only slightly soluble in
CH,CI, but rapidly dissolves to give a red solution when ethanol
is added. Examination of the red solution ¥ NMR spec-
troscopy reveals formation of PO and a new complex with a
pair of multiplets centered at 43.51 and 9.58 ppm. The new
complex is also produced with other alcohols including MeOH,
iPrOH, andBuOH;* but the process slows markedly with the more
hindered alcohols. Reduction of the &H,/ROH solvent volume
followed by cooling gives beautiful transparent red and yellow
crystals of [Pd(PPh)4](BF.). (1) (89% yield). The ratio of the
yellow to red crystals changes with the alcohol. With EtOH, only
a few yellow crystals are observed, whereas WattOH, ca. 30%
of the crystal mass is yellow. All of the crystals become opaque
minutes after separation from the mother liquor. A red EtOH
crystal and a red and a yello®rOH crystal were examined by
X-ray diffraction after rapid transfer from the mother liquor to
the N, cold stream of an X-ray diffractometer. The centrosym-
metric Pd cation structure shown in Figure 1 was revealed for
all three crystal§. The red’PrOH crystal gave the best quality
structure, and data for this structure are given Kefihe [Pd-
(PPh),4]?* cation consists of a BR—Pd—Pd-Pd—PPh linear
chain sandwiched by two head-to-tail Ph-CsHg groups each
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Figure 1. ORTEP drawing of the cationic portion of [R&Ph)4](BF4)2

(). Selected distances (A) and angles (deg): Feid2, 2.6587(3); Pdt

P1, 2.345(1); Pd1P2, 2.255(1); PdtC63, 2.397(5); Pd1C64, 2.288-
(4); Pd2-C61, 2.183(4); Pd2C62, 2.317(4); P2C61, 1.813(4); C6%

C62, 1.434(7); C62C63, 1.406(6); C63C64, 1.405(7); C64C65,
1.413(7); C65-C66, 1.377(7); C66C61, 1.437(6); PdtPd2-Pd1, 180;
P1-Pd1-Pd2, 172.27(3); P2Pd1-Pd2, 71.08(3); PtPd1-P2, 101.35-
(4); Pd1-P2-C61, 110.30(15); P2C61-Pd2, 91.6(2); C66C61-C62,
117.0(4); C61-C62—-C63, 120.4(4); C62C63—-C64, 121.3(5); C65

C64—-C63, 117.9(4); C64C65-C66, 122.1(5); C65C66-C61, 120.7-
(5).

bridge two metal centers through the P atom and a Ph®ring,
three-metal-center bridge as Inis without precedent.

The arene rings bond to the Pd centers through four carbon
atoms, bridging the two Pd atoms asy:%p?-diene units (see
Figure 1). Structural diagrams fdrand related complexes are
shown in Scheme 1. Arene bonding similar to that imas been
observed in the Rccomplexes?® and3.2% Closely related td
is 4,'* where the MeNC ligands of replace the P atom and the
arene diene unit of the bridging phosphane ligands. In complexes
1 and4 the Pd oxidation states in the chain may be described as
Pd(l)-Pd(0)y-Pd(l).

The formation ofl involves Pd(ll) reduction. While it is

bonded through the P atom to one Pd atom and to two Pd atomsPOssible to write a balanced reaction where PBhthe only

through a phenyl ring. Although PPh has been observed to
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reducing agent, the alcohol is most likely involved. Reduction
of Pt(I1) and Pd(Il) complexes by alcohols has long been kn&wn.
To gain more information, the EtOH reaction was repeated in
CD,Cl, and monitored byH NMR and3'P NMR spectroscopies
under both an air atmosphere and a dinitrogen atmosphere. In
both cases, the simultaneous formatiori@nd CHC(O)H was
observed, confirming that EtOH is the reducing agent. Under
the dinitrogen atmosphere, only traces of OfRare observed,
and althoughl was the major product, there were many minor
products. In air, clean formation &f CH;C(O)H, and OPPhis
observed. Thus, the alcohol is the reducing agent and freg PPh
is scavenged by air oxidation, thereby improving the yield.of

1H and *3C NMR data forl indicate either more symmetric
bonding of the phenyl ring in solution or fluxional behavior.
Instead of the expected six signals only four signals, are observed
for the bound Ph ring in thé*C NMR spectrum. Five signals
are expected in théH NMR spectrum, but only three are
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observed. The observed signals are strongly upfield shifted outslow reaction at ambient temperatures wiitpersisting for hours

of the aromatic region consistent with the bonding description in
A2 A facile fluxional process involving tilting of the ring back
and forth along the PC bond axis would exchange the bound

and unbound sides of the arene and seems the most likely

explanation for the reduced number of NMR signals.
The extremely low PP#Pd ratio ofl suggests that may be

after the additiod? Final products after several days include
[(PheP)PdCI[F and Pd(PP),. There is no reaction betwedn
and CO (1 atm) or Mel at ambient temperatures.

In conclusion, we have isolated an unexpected new palladium
triphenylphosphine complex. The novel triphenylphosphine
bridging to three metal centers is surprisingly robust and resists

a potential source of unsaturation. As a first test of this we added degradation at ambient temperatures. The lowsfPtratio does

8 equiv of PPhto a CHCI, solution of 1 and monitored the
mixture by3'P NMR spectroscopy. Remarkably, there is only a

(13) Spectroscopic data for [{8Ph)4](BF4)2 (1): *H NMR (CD,Cl,, 250
MHz, 20 °C, ppm) 4.83 (tJ = 7.6 Hz, 4H, H2,6 of PPhPd), 6.00 (tJ =
6.4 Hz, 4H, H3,5 of PPhRPd), 7.02 (br m, 2H, H4 of PPHPd), 7.26-7.53
(m, 50H, PPh)13C{H} NMR (CD.Cl, 63 MHz, 20°C, ppm) 41.3 (dt] =
43, 4 Hz, C1 of PPhPd), 88.3 (tJ = 9 Hz, C4 of PPk-Pd), 107.3 (tJ =
5.6 Hz, C2,6 of PPRPd), 117.1 (tJ = 3 Hz, C3,5 of Ph-Pd), 125.1 (d,
= 51 Hz, C1 of PPhor PPh), 129.6 (m, C3,5 of PRtand PPk), 131.5 (s,
C4 of PPh), 132.9 (s, C4, PR 133.7 (t,J = 6.4 Hz, C2,6 of PPJ), 135.71
(t, =7 Hz, C2,6 of PPJ). Assignments are tentative. Many of the peaks

are second-order patterns but approximate the first-order patterns given.

31P{1H} NMR (CD.Cl,, 101 MHz, 20°C, ppm): 43.51 (R, PhPPd; 9.58
(Ps, PhPPh-Pd). The second-order ABB' signals appear as approximate
triplets of doublets with] ~ 23, 5 Hz. Simulation gives approximate values
of Jaar = 78.0 Hz,Jgg = 17 Hz,Jag = —45 Hz, Jpgr = 43 Hz. UV-vis
(CH,Cly, Amax, NM (€, Mt cm1)): 382 (11 700), 340 (22 700), 488 (51 200).
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even at the beginning of the reaction. This is presumably a result of line
broadening due to chemical exchange although the signald femain
unaltered.
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C. Inorg. Chem.1985 24, 2625-2634 and references therein.

however, suggest thdt may be a useful precursor in stoichio-
metric and catalytic reactions. Compl&xnay also represent an
intermediate in carbonphosphorus bond cleavage reactions
previously observed in Pt and Pd arylphosphine chemisffie
thermolysis ofl as well as its use as a catalytic and stoichiometric
reagent are under investigation.
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