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Summary: P-Bis(diisopropylamino)-C-(diisopropylami-
noj)diphosphirenium tetrafluoroborate (1) reacts with
palladium tetrakis(triphenylphosphine), affording the
tetrafluoroborate salt of 2,2-bis(triphenylphosphine)-1,3-
diphospha-2-pallada(Il)cyclobutene 2 in 70% yield. Ex-
change of the triphenylphosphine ligands occurs with
diphenylmethylphosphine, dimethylphenylphosphine, tri-
methylphosphine, and 1,2-bis(diphenylphosphinojet-
hane, leading to the corresponding complexes 3—6 in
good yields.

The interaction of transition-metal complexes with
strained cyclopropenylium cations A has been widely
studied.l~3 Due to the aromatic and cationic character
of A,* both the #° and »! ligations are to be expected,.2
but the #? coordination mode with varying extents of
intrusion of the metal into a C—C bond is the most
fascinating.? The last kind of complexes represent
points on the energy surface for the conversion of a
metallatetrahedrane (%-cyclopropenyl) to a metallacy-
clobutadiene complex (complete insertion of the metal
into the C—C bond),’ a process which has been recog-
nized to play an important role in alkyne metathesis.®
In the phosphorus series, a stable nickel #3-phosphirenyl
complex has recently been prepared by Nixon et al.;’
this complexation mode has been explained by the
aromatic character? of the three-membered phosphorus
heterocycle B.? The ligation of the phosphirenium salts
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C,10 the related o*-phosphorus cation, has never been
described, although it is quite likely that it would just
behave as a simple olefin since the interaction between
the cationic phosphorus center and the C=C double
bond is weak.®2 In contrast, several coordination modes
are predictable for diphosphirenium salt 111 (Chart 1),
and here we report our preliminary results concerning
the reactivity of this compound with palladium(0)
complexes.

Treatment of a dichloromethane solution of diphos-
phirenium salt 1 with an equimolar amount of pal-
ladium tetrakis(triphenylphosphine), at —40 °C, cleanly
led to complex 2, which was isolated as a yellow oil in
70% yield.'? The low solubility in nonpolar solvents
strongly argued for the ionic nature of 2, which was
confirmed by the presence of a sharp singlet at 0 ppm
in the !B NMR spectrum due to BF,~. The 31P{!H}
NMR spectrum revealed a multiplet at low field (+253
ppm) and a very complex signal at high field (+33.1 to
+14.9 ppm) corresponding to one and three phosphorus
nuclei, respectively. All attempts to solve the 3!P{1H}
NMR spectrum or to obtain crystals suitable for an
X-ray diffraction study failed. Therefore, we carried out
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Figure 1. Experimental 'P{'H} NMR spectrum (32.438 MHz) of § in CDCl; at 298 K (bottom) and simulated spectrum

(top) using 64 —30.8 ppm, 55 —26.1 ppm, d¢c 27.9 ppm, dx 244.6 ppm, J(AB) = 52 Hz, J(AC) =

= 559 Hz, J(BX) = 4 Hz, and J(CX) = 57 Hz.
exchange reactions of the triphenylphosphine ligands
with a variety of other phosphines.

When diphenylmethylphosphine, dimethylphenylphos-
phine, or trimethylphosphine was added to complex 2,
clean reactions occurred leading to the corresponding
complexes 3, 4, and 5, which were isolated as yellow
oils in near-quantitative yields.!2

The 3!P{!H} NMR spectra of complexes 2—5 are
similar and exhibit resonances of the type ABCX (Table
1). When the phosphine ligands are changed, the
chemical shifts of the X (244~259 ppm) and C (25-32
ppm) parts change only slightly and therefore can be
assigned to the phosphorus atoms arising from diphos-
phirenium salt 1; moreover, the proton-coupled 3'P
NMR spectra demonstrate that Pc bears the amino
groups. The simplest spectrum was obtained for com-
plex 5 and is shown along with the simulated spectrum
in Figure 1. The presence of an ABCX system excludes
the #! complex D, the two phosphines being magneti-
cally equivalent. Since the value of the coupling con-
stant between the phosphorus atom substituted by
amino groups and one of the phosphine ligands is quite
large (Jpyp. = 559 Hz), the n? complex of type E can
also be excluded. Thus, the reasonable remaining
possibility was a structure of type F, featuring a
completely or partially opened diphosphirenium moiety

(12) Synthesis of comlex 2: To a dichloromethane solution (5 mL)
of 1 (0.46 g, 1 mmol) at —40 °C was added a stoichiometric amount of
palladium tetrakis(triphenylphosphine) (1.10 g, 1 mmol). After the
solution was warmed to room temperature, the solvent was removed
in vacuo, and the residue was washed with toluene and ether, leading
to complex 2 as a yellow 0il (0.76 g, 70% yield). Synthesis of complexes
3-6: To a dichloromethane solution (10 mL) of 2 (1.09 g, 1 mmol) at
room temperature was added 2 equiv of phoshine (diphenylmeth-
ylphosphine) (8), phenyldimethylphosphine (4), or trimethylphosphine
(5)) or a stoichiometric amount of 1,2-bis(diphenylphosphinojethane
(6). After 30 min at room temperature, the solvent was removed in
vacuo, and the residue was washed several times with toluene and
ether to eliminate triphenylphosphine. Complexes 3 (0.82 g, 85% yield),
4(0.69 g, 82% yield), and 5 (0.63 g, 88% yield) were obtained as yellow
oils, and complex 6 (0.87 g, 90% yield) was obtained as orange crystals
from a THF/ether solution.

31 Hz, J(AX) = 20 Hz, J(BC)

Table 1. 4(3'P) Chemical Shifts (ppm) Obtained by
Simulation of the Spectra of Complexes 2—6

Oa 0B oc ox
2 +16 +19 +25 +253
3 -4.8 +4.2 +254 +259.0
4 -19.0 —-14.5 +27.5 +250.0
5 -30.8 -26.1 +27.9 +244.6
6 +32 +32 +32 +249

@ It has not been possible to solve the ABC part of the system
observed for 6; +32 is the center of the multiplet.
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(Chart 2). Note that the value of the coupling constant
between the two phosphorus atoms of the ring (Jp.pyx =
57 Hz) does not rule out a PP interaction, and the
presence of only one large coupling constant (Jpyp; =
559 Hz) is rather surprising, since two trans P—-Pd—P
arrangements are expected.

The exact structure of these complexes came from the
reaction of 2 with 1,2-bis(diphenylphosphino)ethane,?
since complex 6 was obtained in 90% yield as orange
crystals (mp 169—-171 °C) suitable for an X-ray analy-
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sis.}3 The ORTEP view of the molecule is illustrated
in Figure 2, along with the atom labeling and the
pertinent metric parameters. No interaction between
the cation and the anion (BF;™) is observed. The P(1)~
P(3) distance of 2.655(1) A is longer than a normal P—P
single bond, which is about 2.22 A4 and is also longer
than that observed in the related 1,3-diphospha-2,4-
disilabicyclo{1.1.0]Jbutane (2.34 A).1> Bond lengths do
not always correlate with bond orders in a simple way;
however, as the C(2) atom lies only 0.1899(34) A out of
the [P(1),Pd(1),P(8)] plane, we can rule out a bicyclic
structure and therefore a P(1)—P(3) interaction. The
palladium atom has a slightly distorted square-planar
geometry (the value of the twist angle between the
[P(1),Pd(1),P(3)] and [P(25),Pd(1),P(28)] planes is
16.44(7)°), probably due to the strain in the four-
membered ring (P(1)-Pd—P(3), 70.27(3)°; P(1)—C(2)—
P(3), 96.2(2)°), and can be considered as Pd(II). Since
the P(1)~C(2) bond length (1.745(3) A) falls in the range
observed for C-amino-substituted phosphaalkenes,!®
complex 6 and 2—5 have to be considered as the first
examples of diphosphametallacyclobutene (Scheme 1).

It is quite likely that the mechanism leading to
complexes 2—6 involves a nucleophilic attack of the
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Figure 2. ORTEP view of complex 6. Selected bond
lengths (A) and bond angles (deg): Pd(1)-P(1), 2.317(1);
Pd(1)—P(3), 2.2960(7); Pd(1)—P(25), 2.3228(7); Pd(1)—-P(28),
2.382(1); P(1)—C(2), 1.745(3); P(3)—C(2), 1.821(4); C(2)—
N(4), 1.349(5); P(8)—-N(11), 1.686(3); P(3)—N(18), 1.691(3);
P(1)-Pd(1)-P(3), 70.27(3); P(1)—Pd(1)-P(25), 95.78(3);
P(1)—Pd(1)—-P(28), 172.76(3); P(3)—Pd(1)—P(25), 160.45(4);
P(3)-Pd(1)—P(28), 111.81(3); P(25)—Pd(1)—P(28), 83.78(3);
Pd(1)-P(1)—C(2), 97.1(1); P(1)—C(2)—P(3), 96.2(2).
dicoordinated phosphorus atom of 1, as already observed
with lithium salts,!1’ leading to #n!-coordinated 1,3-
diphosphaallylic cations 7, which then undergo a ring
closure (Scheme 1).17
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(17) An alternative mechanism involving a direct insertion into the
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suggested by a reviewer.



