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The First Palladium(0) Complex with Only Secondary
Phosphines as Ligands and Its Oxidative-Addition Reactions
with CH:Cl: and CHCl3, Giving the Thermally Stable
Derivatives trans-[PdC1(R)(PBu':H):] (R = CH;Cl, CHCIl,)
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Summary: Pd(PBut;H)3, (1), obtained by reacting Pd-
(n%-CsH35)(n3-C3Hs) with PBu'sH, oxidatively adds the
C-Clbond of methylene chloride and of chloroform, giving
the thermally stable derivatives trans-[PdCI(CHC!)-
(PBut;H)2], (2) and trans- [PACI{CHCI3)(PButysH)s], (3),
respectively. Complex 1 solutions deposit, by gentle
warming, the known dimer [Pd(u-PBut;)(PButsH)],.

Although tertiary phosphines are ubiquitous ligands in
coordination and organometallic chemistry,! the amount
of data available on primary and secondary phosphine
metal complexes are relatively scarce. Notably low is the
number of reports on the synthesis of low-valent mono-
nuclear complexes with late transition metals. Only two
types of d7 systems appear to have been reported, namely
[IrH(PEt;H)51Y? and CoXy(PRoH),;® something more is
known about d8 systems (Fe(0),%+% Rh(I),26-° Ir(1),25-% Ni-
(ID),10 Pd(II),”! and Pt(II)!2), and far as d1° systems are
concerned, examples are limited to Au(l),!314 but M(0)
partners (M = Ni, Pd, Pt) are unknown. Themain obstacle
to the isolation of such systems comes from the reactivity
of P-H bonds, which easily undergo oxidative addition to
electron-rich metal fragments, giving phosphido—hydrido
deratives.®15 On the other hand, the great aptitude of
phosphido ligands to bind to late transition metals in a
bridging rather than a terminal fashion accounts for the
utility of secondary phosphine complexes as precursors to
polynuclear derivatives.!6
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An earlier report!? on the reactivity of Pd(%%-CsHj) (8-
C;3Hjs) with PBuH described the formation of the Pd(I)
dimer [Pd(u-PBut;)(PBut;H)]s. The reaction proceeds
in high yield under severe thermal conditions, and the
dimer was suggested to form through the intermediacy of
Pd(PBut;H),. Interestinsuch acompound as a promising
building block for the synthesis of new mono- and
polynuclear Pd derivatives stimulated a reexamination of
the reaction.

Pd(n5-CsH;) (n*-C3H;) reacts rapidly and completely with
PBut;H in excess, giving a colorless, air-sensitive solid (92 %
yield) which has been characterized by spectroscopic and
elemental analyses as Pd(PBut;H)3 (1a).18 The IR spec-
trum of 1a exhibits a single »py band of medium-strong
intensity at 2244 ¢m-!, while v—cy bands in the 3100-
3000-cm-1region are missing. The absence of both the Cp
and allyl functionalities!® has been confirmed by NMR
spectroscopy (benzene-dg, 293 K). The 'H NMR spectrum
consists of two slightly broadened doublets (integrated
ratio 1:18), one at 4.40 ppm with a typical large 1J/py value
(256 Hz) for the P-H protons and the second at 1.42 ppm
(3Jpu = 27 Hz) for the tert-butyl protons. The 3!P{lH}
NMR spectrum (toluene-ds, 293 K) shows a singlet at 54.5
ppm that splits into a broadened doublet (!J/py = 256 Hz)
in the corresponding proton-coupled spectrum. 'H and
proton-coupled 3P NMR spectra of M(PR;H), fragments
(n> 1) are generally more complicated due to the presence
of the [AMX,,], spin system (A=P,M=P-H,X =R
protons);10a.11a20 the simplicity of complex 1 spectra
suggests a rapid equilibration (eq 1) causing the loss of
PP/, PH’, and HH’ inter-phosphine couplings.
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Figure 1. NMR spectra of complex 2, showing the subspectra of the [AMXm]z spin system: (a) !H spectrum, X component
(C(CHj); protons); (b) 1H spectrum, M component (P-H protons) and the CH;Cl triplet; (c) proton-coupled 3'P spectrum, A

component.

Pd(PBu',H), = Pd(PBu',H), + PBu,H (1)
1a 1b

The above equilibrium was confirmed by low-temper-
ature 3IP{{H} NMR spectra (toluene-dg). At 203 K the
main singlet is found at 55.1 ppm and new small singlets
appear at 62.1 and 17.5 ppm; the signal at 17.5 ppm has
been assigned to free PButH, by comparison with a sample
of the pure ligand analyzed under identical conditions
(toluene-dg, 203 K).2! The signals at 55.1 and 62.1 ppm
have been attributed to la and 1b, respectively. Although
quantitative comparisons of peak areas are affected by
large errors in 3'P{!H} NMR spectroscopy, la was qual-
itatively observed to be the predominant species in
solution.22 Addition of excess PBut;H did not affect
significantly the chemical shift of the signal at 55.1 ppm
or the yields or the elemental analyses of the preparations,
suggesting that Pd(PBut;H), is not accessible for steric
reasons.

As far as its reactivity is concerned, at least two sites in
complex la are susceptible to profitable synthetic
manipulations: (a) the P~H bonds of the secondary
phosphines, which can oxidatively add to other metal
fragments and generate new polynuclear derivatives, and
(b) the electron-rich metal, to which a reactivity pattern
similar to that observed in the parent Pd(0) tertiary
phosphine complexes? can in principle be ascribed. The
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previously anticipatedi? intermediacy of a Pd(0) PBut;H
complex in the formation of the Pd(I) dimer [Pd(u-
PBut;)(PButsH)]2 was confirmed; in fact, gentle warming
of a toluene solution of 1a causes the dimer to quantita-
tively separate out with H; evolution.

The Pd center easily undergoes oxidative-addition
reactions. Complex la was suspended in CH,Cly and
stirred at ambient temperature. Complete dissolution of
the solid was observed in a few minutes and, after workup,
70% of pure trans-[PdCI(CH;Cl)(PBut;H);] (2) was
obtained as a colorless, microcrystalline solid which was
characterized by means of spectroscopic and elemental
analyses.24

The IR spectrum of complex 2 shows vpy at 2332 ecm™1;
v(as) and »(s) for the CH; function were observed at 2979
and 2943 cm!, respectively, and shifted to 2239 and 2156
cm-! in the CD; analogue. The presence of the chloro-
methyl functionality was confirmed by 'H NMR spectra
(benzene-dg, 293 K), which exhibit a sharp triplet (3Jpy
=10.9 Hz) at 3.73 ppm, typical of CH2X protons coupled
to two equivalent phosphines (¢trans-[PdCI(CH,Cl) (PCys)2]
63.92 ppm, t, 3Jpy = 8.0 Hz);?5 this signal was absent when
CD.Cl; was used instead of CH;Cl;. The two chemically
equivalent but magnetically inequivalent phosphine ligands
produce the expected [AMXsl; patterns (A = P, M =
P-H,X = C(CH3)s) in the 'H and proton-coupled 1P NMR
spectra.l0211a20 The 'H NMR spectrum shows the X part
of the spin system, constituted by the approximately 2:1:
2:1:2 quintet at 1.44 ppm (Figure 1a) due to the tert-butyl
protons;20 other signals in the spectrum are a sharp doublet
(*Jpy + 3Jpny = 321.8 Hz) and a broad doublet (Japparent
= 125 Hz) both centered at 3.68 ppm (Figure 1b) which
constitute part of the M subspectrum (only the low-field
element of a third symmetrical broad doublet was observed,
the upfield element being hindered under the tert-butyl
signal; Jypparent and the intensity of this doublet depend
on 2Jpp).10211a.20 S1P{1H} gpectra show a sharp singlet at
65.9 ppm, which splits into a six-line signal (Figure 1c) in
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H, 8.37.
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the corresponding proton-coupled spectrum (part A of
the spin system).10a1la 1Jpy = 318, 2Jpp = 380, 3Jpn,, =
3.75, 3Jpuy = 13.9, and 5Jpuy < 1 Hz could be extracted
directly from the spectra, as indicated in the literature,
and were consistent with the values for the analogue trans-
[MXY (PRzH) 2] . 10a,11a,20

The same kind of reactivity was observed with CHCl;,
and trans-[PdCI(CHCl,)(PBut;H);] (8) was isolated in
65% yield. The dichloromethyl ligand was observed at éy
= 6.15 ppm (t, %Jpy = 11.2 Hz, missing in the CDCl,
analogue); all other signals in 'H, 3P{!H}, and 3P NMR
spectra were consistent with the suggested structure®® and
much similar to the corresponding signals in the spectra
of complex 2.

Thermal?527 and photochemical?5:2822 CH,Cl, activation
has precedents; however, undesired bimolecular decom-
position of the chloromethyl derivatives to the corre-
sponding chlorides and ethylene has often been observed.
Similar decomposition pathways are even more accessible
to dichloromethyl derivatives, which have been rarely
ohserved as transient species and occasionally isolated. 2729
Complexes 2 and 3 are stable both in the solid state and
in solution® and represent excellent starting materials

(26) Anal. Caled for Cy7HgClsPoPd: C,39.4; H,7.59. Found: C, 39.1;
H, 7.65. 1H NMR (C¢Ds, 293 K): 8 6.15 (1 H, t, 3Jpy = 11.2 Hz, CHCl,),
3.81 (M part of the [AMXg]; spin system, 2 H, P-H), 1.50 (X part of the
[AMX;4s); spin system, 36 H). 31P{!H} NMR: § 62.22 s. 3P NMR: &
62.22 (A part of the [AMX )3 spin system); 1J/py = 318, 2Jpp = 387, 8Jpuy
= 11, 3Jpuy = 14.1, and 8Jpyy < 1 Hz from !H and 31P spectra.2!
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for the synthesis of a large variety of palladium organo-
metallics®! and good candidates for studies of catalytic
incorporation of CH,Cl; and CHCl; in organic chemicals
by C-C-bond-forming cross-coupling reactions.3?
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