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Summary

Platinum(II) dihydrides containing bulky phosphine ligands, trans-PtH, L,
(L = PCy;, P-i-Pr;, P-n-Bu-t-Bu, , PMe-t-Bu, ), have been prepared conveniently
and in excellent yield from the reaction of the corresponding peroxycarbonato
complexes with NaBH, . A similar reduction of the dioxygen platinum(II) com-
plexes also affords the dihydrides but less readily. All these dihydrides react
with highly activated acetylenes to form the trans-hydridovinyl complexes.

The chemistry of platinum(II) dihydrides is relatively unexplored compared
with that of the monohydrides, probably due to the lack of a general synthetic
route. Although Shaw et al. [1] have reported synthesis of these dihydrides by
reducing cis-PtCl, L., or trans-PtHCIL, with excess NaBH, these starting mate-
rials are not readily available where L is a bulky phosphine. For example, hy-
drazine reduction of trans-PtCl, L, [2] always produces a mixture of the unre-
acted starting material and the monohydride [2, 3]. Moreover, we find that the
reaction of Pt(PCy; ), with hydrogen [4], conducted in hexane, gives only very
low yields of the dihydride.

We have been interested in the mechanistic studies of platinum(II) hydride
reactions with unsaturated organic substrates. Since the reaction of
trans-PtHCI(PEt; ), with dimethylacetylene dicarboxylate (DMA) in benzene at
elevated temperatures occurs [5] via a free radical mechanism, we expect the
dihydrates, which have weaker Pt—H bonds (because of the high trans influence
of the hydride ligand [6] ), may behave similarly. Attempted syntheses of these
platinum(I1) dihydrides by the above methods [1] were unsatisfactory and
gave poor yields. We wish to report here a more general and convenient method
of preparation.

The reaction of platinum peroxycarbonato complexes, PtL, CO; (L = PCys,
P-i-Pr; , P-n-Bu-t-Bu, , PMe-t-Bu, ), with NaBH, in dry ethanol proceeds exceed-
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" ingly rapidly at ambient temperatures to yield quantitatively the corresponding
dihydrides. The reactions are usually complete within a few minutes of the ad-
dition of NaBH, to a suspension or solution of the peroxycarbonato complex
in ethanol. The dihydrides can easily be isolated by removing the ethanol and
then extracting the reaction mixture with benzene. Further recrystallization in
ethanol/H,; O (or benzene/ethanol) gives white crystalline products. The per-
oxycarbonato complexes in turn can easily be prepared from trans-PiCl, L, as
follows. PtCl,; L, is reduced by sodium naphthalenide in THF under a nitrogen
atmosphere to give the zerovalent PtL, complex; the passage of oxygen
through a hexane extract of the reaction mixture precipitates the dioxygen
complex (v(PtO, ) at 817 to 826 cm™ ' ). Addition of CO, to a benzene solution
of the dioxygen complex gives PtL, CO; (v(C=0) at¥ 1680 cm ! ), the peroxy-
carbonate complex characterized by its infrared band at ca. 780 cm™* [7].

Alternatively, the peroxycarbonato complex can be formed directly by pas-
sing oxygen and carbon dioxide into the hexane extract, provided that suffi-
cient benzene is introduced to keep the dioxygen intermediate in solution.

Reaction of the dioxygen complex with carbon monoxide gives the carbon-
ato complex which can be reduced smoothly to the dihydride under similar
conditions.

. 2 NaC,gHg
trans-PtClL, = PtL, + 2 NaCl
Oz
CO;
PtL,0, = PtL,CO,4
>
NaBH4 NaBH,4
Pt CO4
trans-PtHLL 5
(L = PCy;, P-t-Bu,-n-Bu,P-t-Bu,Me , P-i-Pr;)

Similarly, the dioxygen complexes can also be reduced to the dihydrides by
treatment with NaBH, , but the reactions proceed much more slowly.

The dihydrides are white crystalline solids which are soluble in most organic
solvents and which react with CCl, to give PtHCIL, . They have Pt—H
stretching frequencies in the region 1710—1742 cm™ !, and resonances in the
! H NMR spectra at 7 12.50 to 18.17 ppm. Each of the hydride signals appears
as a triplet with % Pt satellites indicating a trans disposition of the two hydro-
gen ligands (J(P—H) 16.5 to 17.2 Hz, J(Pt—H) 778 to 788 Hz).
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The reduction of Pt(PPh; ), CO; with NaBH, resulted only in some black de-
composition products. Presumably the PtH, (PPh; ), is unstable under these
conditions, leading to the formation of the unstable Pt(PPh; ), . It has been re--
ported [8] that Pt(PPh; ), (C; Hy ) is formed in high yield when the same reduc-
tion is carried out under an ethylene atmosphere.

We have also been able to prepare trans-PtHRL, (e.g. R = n-Bu, Me;

L = PCy; ) by the reaction of RLi with trans-PtHCIL, : These complexes exhi-
bit strong bands due to »(P:H) in the region 1890—1924 em™!. A similar band
has been observed by Kudo et al. [9] in the reaction of Pt(acac), , PCy; and
Et; Al and erroneously attributed to the dihydride; probably trans-PtHEtL,
was obtained.

The platinum dihydrides react with dimethylacetylene dicarboxylate (DMA)
or hexafluorobut-2-yne (C; F¢ ) in benzene exothermically to yield
trans-PtH(DMAH)L, and trans-PtH(C,; F¢ H)L, respectively; v(PtH) of these
complexes appears at v2100 cm™!. In the ! H NMR spectra, the vinylic proton
resonates at r 3.0 ppm (J(PtH) VY85Hz) (e.g. trans-PtH(DMAH)(PCy; ), ,
7(DMAH) = 3.08, 3 J(PtH) 86.0 Hz, ¢ J(HH) 4.4 Hz). The low field position of
the vinylic proton signal and the large J(PtH) coupling constant are indicative
of a trans Pt and H arrangement at the olefinic bond. This is consistent with
those cases where insertion has been shown [5] to occur via a free radical pro-
cess. The mechanism of these reactions is currently under investigation.
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