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Water, alkanol, and amine activation reactions of transition
metals may lead to complexes in which a hydro substituent is
paired with an hydroxy, alkoxy, or amide substituent, all of
which are potential reactive sites.2 Well-studied examples are
the d6 Ir(III) cishydro hydroxy complexes [(Me3P)4Ir(H)OH]+-
PF6- 3a (ionic; stable at 100°C) and (R3P)3Ir(H)OH(Cl) (R )
Me, Et; neutral; reversible water elimination at 20°C).3b Of
the d10 metal complexes,{(c-C6H11)3P}2Pt oxidatively adds
phenols (ArOH; Ar) C6H5, C6F5) at 20 °C to afford stable
trans-{(c-C6H11)3P}2Pt(H)OAr.4 Similarly, (iPr3P)2Pt reacts
with H2O to give thermally unstabletrans-(iPr3P)2Pt(H)OH.5a,b

In contrast, (iPr3P)2Pd does not react with water at 20°C.5c
Furthermore, the stannylene SnR2 (R ) CH(SiMe3)2)6a is
reported to decompose in water and alkanol.6b,c As we have
recently discovered, the adducts L2Pd(0)dSnR2 (L2 ) chelating
bidentate phosphane)7 undergo reversible oxidative additions
of water and methanol.8

When deoxygenated water is added at 20°C to the red THF
solutions of the complexes (R′2PC2H4PR′2)PddSnR2 [R′ ) iPr
(1), tBu (2)], the color fades immediately. After evaporation
of the solvent and recrystallization (pentane), colorless crystals
of the bimetallic hydro hydroxy complexes (R′2PC2H4PR′2)-
Pd(H)Sn(OH)R2 [R′ ) iPr (3), tBu (4)] are isolated (90%; eq
1a). Similarly, complexes1 and2 react with methanol to afford
the hydro methoxy complexes (R′2PC2H4PR′2)Pd(H)Sn(OCH3)R2

[R′ ) iPr (5), tBu (6)] (eq 1b). When D2O and CD3OD are
reacted, the partially deuterated derivatives (dippe)Pd(D)Sn(OD)-
R2 (3-d2) and (dippe)Pd(D)Sn(OCD3)R2 (5-d4) are obtained. The
reactions of1 and2 with water and methanol also proceed at
-40 °C within a few minutes; however, no reaction of1 and2
occurs with NH3. The melting points of3-6 are well above
100 °C, and prior to melting, discoloration to red is observed
due to partial formation of1 and2. The dtbpe complexes are
more stable than the dippe derivatives.
Spectroscopic Characterization. In the EI mass spectrum

of the dippe-derived hydro hydroxy complex3 (80 °C), the

molecular ion is observed. Fragmentation proceeds both by
elimination of water and by destruction of the SnR2 group,
affording [(dippe)Pd]+ as the base peak. For4 (120 °C) and
the hydro methoxy complexes5 (60 °C) and6 (110 °C), the
largest ions observed are [(dippe)PddSnR2]+ (1+) and [(dtbpe)-
PddSnR2]+ (2+), and these fragment further to yield the base
peaks [(dippe)Pd]+ and [(dtbpe)Pd]+, respectively. In the IR
spectrum, complexes3 and5 give rise to a Pd-H stretching
band at about 1890 cm-1 (4, 6, 1860 cm-1).9a Sharp bands at
3649 cm-1 (3) and 3666 cm-1 (4) are attributed to SnOH. The
C-H stretching bands of SnOCH3 (expected at 2900 cm-1) are
largely overlapped by phosphane modes, but a prominent
SnOCH3 overtone vibration is observed at 2776 cm-1 (5).9b
According to1H NMR spectroscopy the complexes are defined
by high-field resonances for PdH (3, δH -4.25;4, δH -5.42)
and SnOH (3, δH -0.55;4, δH -0.35). For PdH, the couplings
2J(PH)trans (160-173 Hz) and2J(PH)cis (9-15 Hz) are as
expected, and the coupling2J(SnH)cis is rather small (3, 5, 6:
15-45 Hz) or even not observed (4). The 31P NMR spectra
show that in THF-d8 solution complex3 is pure and5 (<1%,
1) is almost pure but4 (>1%, 2) and6 (8%, 2) are markedly
dissociated due to the equilibria of eq 1. Sharp signals indicate
that H2O or MeOH exchange reactions between1 or 2 and3-6
are slow with respect to the31P NMR time scale.
Molecular Structure of 3. The X-ray structure10 of 3 (Figure

1) reveals that the geometry at Pd(II) is distortedSP-4 (the
hydride has not been located). The main structural features are
similar to those of the related pallada(II)stanna(II)cyclobutene
(dippe)Pd(CHdCH)SnR2 (Pd-Sn) (7).7 In 3 the deviations
from the rectangular arrangement (P2-Pd1-Sn1 108.9°; P1-
Pd1-Sn1 162.7°) are obviously due to the small size of the
hydride ligand, whereas similar distortions in7 (Pcis-Pd-Sn
113.0°; Ptrans-Pd-Sn 158.5°) arise from the strained four-
membered ring. For both complexes, the bond Pd-Ptrans (to
Sn) is shorter than Pd-Pcis (to Sn), although the difference for
3 (2.29, 2.32 Å) is less than for7 (2.29, 2.34 Å). Other
structural data of3 are intermediate between those of the Pd-
(0)dSnR2 complex17 (from which3 is formed) and7. This is
the case for the angle P-Pd-P [1, 89.0;3, 87.5;7, 86.2°], the
relatively short Pd-Sn bond [1, 2.48;3, 2.58;7, 2.67 Å], the
distances Sn-C [1, 2.21;3, 2.22 (mean);7, 2.24 Å (mean)],
and the angle C-Sn-C [1, 98.8;3, 99.6;7, 105.0°]. The plane
Pd1,Sn1,O1 forms an angle of only 27.3° to the mean Pd(II)
coordination plane (P1,P2,Pd1,Sn1) with the hydroxy group (O1)
at Sn(II) opposite to the calculated hydride position.
Reactivity. When3 (100°C) and5 (70 °C) are heated under

vacuum, they slowly eliminate water and methanol, respectively,
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(9) (a) The corresponding Pd-D stretching bands [3-d1 (PdD),3-d2, 4-d2,
5-d1, 5-d4] are obscured by phosphane bands. (b) Additional analytically
significant bands attributable to SnOCH3 are found for5 at 1437 (CH3
deformation) and 1057 cm-1 (C-O stretching). Full IR spectroscopic
characterization of all compounds is given in the Supporting Information.

(10) For3: triclinic, P1h [No. 2]; a ) 12.748(3),b ) 17.199(1), andc
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to form1 (ca. 35% conversion of3 in 1 h).11 Thus, the oxidative
addition of water or methanol to1 and 2 to afford 3-6 is
reversible and methanol elimination proceeds more readily than
water elimination.
When D2O is added to a THF solution of3, the hydroxy

group exchanges for OD and pure (dippe)Pd(H)Sn(OD)R2 (3-
d1 SnOD) is obtained.12 Similarly, 3-d2 reacts with H2O to
afford (dippe)Pd(D)Sn(OH)R2 (3-d1 PdD). When complex5
is dissolved in CD3OD/THF, the methoxy group exchanges for
OCD3 to yield mainly (dippe)Pd(H)-Sn(OCD3)R2 (5-d3) and
5-d4 as a minor product. However, when5-d4 is reacted with
CH3OH, the major product formed is (dippe)Pd(D)Sn(OCH3)-
R2 (5-d1) with a minor amount of5 (Scheme 1, horizontal
reactions). Upon addition of H2O to a THF solution of5, the
methoxy substituent rapidly exchanges for hydroxy to give3.
On the other hand, when MeOH is added to a THF solution of
3, only a partial hydroxy/methoxy exchange occurs to afford5
(50%). These reactions show that the hydroxy complexes are
thermodynamically more stable than the methoxy derivatives
(vertical reactions). Finally, the reactions of3 with CD3OD
(equilibrium reaction to afford 50% of5-d3 and minor amounts
of 5-d4 and3-d1/d2) and of5 with D2O [rapid and quantitative
conversion into3-d1 (SnOD)] and the reverse reactions have
been studied (diagonal reactions). The exchange reactions of
the dippe complexes3 and 5 and their partially deuterated
derivatives withwater (D2O or H2O) proceed without any
detectable H/D exchange at the Pd(II) center (reactions studied
over a week) and may thus be considered to be clean nucleo-
philic substitution reactions of hydroxide at the Sn(II) center.
The related exchange reactions withmethanol(CD3OD or CH3-
OH) do involve partial Pd-H/D exchange and presumably
proceed both by a reductive elimination (water or methanol)/
oxidative addition (methanol) sequence at the PddSn bond and
by a nucleophilic substitution reaction of methoxide at the Sn-
(II) center. The reductive elimination/oxidative addition reaction

of complexes3-6, as a competiting reaction to the nucleophilic
substitution at the Sn(II) center, is preferred by exchanging the
Pd(II) dippe ligands for dtbpe13 and the Sn(II) OH- substituents
for OMe-; it is thus not detected for3 and fastest for6.
So far we have not succeeded in inserting unsaturated

substrates into the Pd-H function of3. No reaction is observed
at 20°C between3 and butadiene, CO, or CO2 in the course of
1 d. However, when3 is reacted with HCtCH, MeCtCMe,
or C2F4, the Pd-Sn bond is slowly cleaved to afford (dippe)-
Pd(HCtCH)14 , (dippe)Pd(MeCtCMe),8a,bor (dippe)Pd(C2F4),8c

respectively, together with SnR2/H2O.
Discussion.With respect to the mechanism of thereVersible

water and methanol additionto the PddSn bond (eq 1), it is
noteworthy that the propensity of uncoordinated SnR2 to form
weak solvates6b is lost when it is coordinated to a strongly back-
bonding metal center as for complexes (R′2PC2H4PR′2)MdSnR2
(M ) Ni, Pd, Pt).15 On the other hand, the otherwise unreactive
Pd(0) center is easily protonated when coordinated by SnR2.
Apparently, the nucleophilicity of Pd(0) is enhanced by the
donor function of the SnR2 ligand and, conversely, upon forming
Pd(II) by protonation, Pdf Sn(II) back-bonding is weakened
to such an extent that the SnR2 substituent is now able to
coordinate OR′′- (R′′ ) H, Me). Thus, disregarding a concerted
mechanism, it appears likely that H-OR′′ addition reactions to
the Pd(0)dSn(II) bond in1 or 2 are initiated by electrophilic
attack of a proton at the Pd atom to afford an intermediate Pd-
(II) cation [(R′2PC2H4PR′2)Pd(H)SnR2]+ (A, Scheme 2) to which
OR′′- subsequently coordinates at Sn(II) to give the products
3-6. Reductive elimination of water or methanol from
complexes3-6 proceeds by the mechanistic reverse. However,
the base exchange at the Sn(II) centerpresumably proceeds
associatively by an SN2-type mechanism through intermediate
B. This explains why the Pd-H(D) function is not at all
affected in the base exchange reactions of the dippe complexes
with water and only slightly affected in the corresponding
reactions with methanol. Preliminary experiments have shown
that similar to1, the Ni analogue (dippe)NidSnR27b reacts with
water to afford (dippe)Ni(H)Sn(OH)R2 (8) which is presently
studied in detail.
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(11) The solid dtbpe complexes4 and6 eliminate water and methanol
under vacuum (to give2) at a higher temperature (>100 °C) as compared
to the dippe derivatives.

(12) Typically, about 1 mmol of complex is reacted with the 10-fold
excess of water or methanol in concentrated THF solution at 20°C. The
reactions proceed instantaneously.

(13) Similar as for3 and5, the dtbpe complexes4 and6 react with water
(D2O) by a fast (no more than a few minutes) and complete nucleophilic
exchange at the Sn(II) center to afford4-d1 (SnOD). However, in contrast
to 3-d1 (SnOD), complex4-d1 (SnOD) undergoes a slow Pd-H/D exchange
to afford4-d2 (60% after 1 week and 100% after 2 weeks; by NMR) due
to a reductive elimination/oxidative addition mechanism.

(14) Krause, J.; Bonrath, W.; Po¨rschke, K.-R.Organometallics1992,
11, 1158.

(15) (a) For complexes (R′2PC2H4PR′2)MdSnR2 (see Table 1 of ref 7b),
no solvent (THF and toluene) or temperature dependence of the NMR
resonances has been found. Furthermore, attempts to isolate donor adducts
were unsuccessful.8c Donor adducts are also not formed by (CO)5MdSnR2
(M ) Cr, Mo).6b (b) In contrast, for (C2H4)2NidSnR2, various adducts
(C2H4)2NisSnR2(donor) [donor) THF, NH3, py, (Me2N)3PO] have either
been isolated or detected by NMR. Pluta, C.; Po¨rschke, K.-R.; Mynott, R.;
Betz, P.; Krüger, C.Chem. Ber.1991, 124, 1321.

(16) Exchange H/D for the interconversion of3-d2, 3-d1 (PdD), 5-d4,
and5-d1.

Figure 1. Molecular structure of3 (molecule 1), showing 30%
probability ellipsoids. Selected bond distances (Å): Pd1-Sn1,
2.575(1); Pd1-P1, 2.294(2); Pd1-P2, 2.322(2); Sn1-O1, 2.037(5);
Sn1-C15, 2.211(7); Sn1-C16, 2.231(7). Selected bond angles (deg):
P1-Pd1-P2, 87.5(1); P1-Pd1-Sn1, 162.7(1); P2-Pd1-Sn1,
108.9(1); C15-Sn1-C16, 99.6(3); Pd1-Sn1-C15, 123.9(2); Pd1-
Sn1-C16, 118.8(2); Pd1-Sn1-O1, 107.6(2).

Scheme 116

Scheme 2
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