/e co
A ;
P 2
5™~ o = en, 8(p)+-18
oc”” 1 ~~ x‘ 8(P)-243
Jpe =l |
5(p,):-447 Bipy)=-208 Jaghesl
" co oAl *
Jbd Jpal|
Jari] | Jed AR
Jeerl kI juk‘
. , . , . , . . ,
-40 20 0 20

Figure 2. 3!P NMR spectrum of mer-(OC);Mo(dpm), in CD,Cl,,
chemical shifts in ppm relative to 85% H,PO,, with negative
values downfield from reference. Coupling constants are Jp,i=
64.4 Hz, PJyol=25.6 Hz, PJpg!=72.4 Hz, PJgl=24.4 Hz.

compared to the coordinated phosphorus atom of monodentate
dpm. We have observed the same trend in other dpm com-
plexes of molybdenum and iron.8 In contrast, it is well es-
tablished that chemical shifts of phosphorus atoms in five-
membered chelate rings show a large downfield shift relative
to unchelated coordinated phosphorus..10
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The rearrangement of N-bound imidazole to the C-bound
form when it is ligated to Ru(II) and the labilization of the
trans position by the C-bound form! prompted the present
study which is concerned with the formation of the HCN
complex of Ru(1l), and with the subséquent reactions of the
species. Some observations on the complex when it is formed
as product of the decomposition of [Ru(NH3)sNCBH3]* have
been reported by Ford.2 These observations have been am-
plified and modified by this work in which the instability of
the ion [Ru(NH3)sHCN]2+ is attributed to intramolecular
rearrangement of the N-bound to the C-bound, resulting in
labilization of the trans ammonia and subsequent polymer-
ization.

Experimental Results and Discussion
A solid of composition Ru(NH3)s(HCN)(PF¢)2 (I) was

prepared by the following procedure. Oxygen-free HCN was
bubbled through [Ru(NH3)s(H20)]2+ in 6 M trifluoroacetic
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Figure 1. Infrared spectra in the region 2000-1800 cm™! for the
rearrangement of [Ru(NH,);NCH](PF,), (KBr pellets): (la)
freshly prepared (6 M acid); (1b and 1¢) 1 and 0.1 M acid,
respectively; (1d) after addition of NH, to I and reprecipitation.
Similar spectra were obtained when I was aged for periods of days.

Table 1. Infrared Frequencies (v(C=N)) for Free and
Coordinated Nitriles

Compd v(CN), cm™! Ref
CH,CN 2254 2
HCN : 2097 2
NaCN 2080 3
[Ru(NH,);NCCH,}(BF,), 2239 2
[Ru(NH,),NCH](CIO,), 1960vs,b 2
[Ru(NH,), NCH](PF, ), 2085 This work
[ Ru(NHj),CN|PF, 1998 This work

acid for 15 min, resulting in a pale yellow solution. On addition
of excess NH4PFs a light yellow solid was precipitated in high
yield, ca. 70%. Elemental analysis of the solid was consistent
with the formulation [Ru(NH3)s(NCH)](PFs)2. Calcd: C,
2.39; H, 3.20; N, 16.69. Found: C, 2.50; H, 3.17; N, 16.16.

The infrared spectra recorded for the salt {Ru(NH3)sN-
CH](PFg)2 are shown in Figure 1. Different nitrile stretching
frequencies were found depending on the conditions used for
the preparation. When I is freshly prepared (the freshly
prepared material only will hereinafter be designated as I)
under strict exclusion of oxygen in strongly acidic conditions
(ca. 6 M acid), the spectrum shown in Figure 1a is obtained
(»(CN) 2080 cm-!). Figures 1b and lc show the spectra
obtained when the preparation was carried out under less acidic
conditions (less then 1 M acid). Aging of I resulted in a
progression of absorption bands similar to those shown in
Figures 1b, lc, and 1d. When a solution of [Ru(NH3)s-
(H20)]2* is treated with an equimolar solution of sodium
cyanide, the solid, precipitated as a PF¢ salt, shows one strong,
sharp band, »(CN) 1998 cm~!. Table I summarizes the in-
frared frequencies (»(CN)) for free and coordinated nitriles,
including results reported by Ford.2

The behavior described taken together with consideration
of the conditions for the preparation of I imply that the
compound is the N-bound HCN complex, analogous to the
acetonitrile complex of Ru(II). This supposition is supported
by the fact that I shows a band maximum at 238 nm (log ¢
~4) which can be compared with the band maximum for
[Ru(NH3)sNCCH3]2+ at 229 nm (log € 4.2).3

The immediate product of the reaction of Ru-
(NH3)sNCBHat with 2 M HCI is reported? to have an
absorption band with a maximum at 241 nm and with ¢ ~4,
in good agreement with our measurements for the ion we
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believe to be [Ru(NH3)sNCH]2+. Our results and those
described by Ford differ on the matter of the infrared ab-
sorption of the solid. Ford reports for the solid purported to
be [Ru(NH;3)sNCH](ClO4)2 a strong broad band at 1960
cm~! which according to our observations represents a late
decomposition product of I. We take the intermediate species
which has a sharp maximum at 2020 cm-! arising from I on
aging of the solid to be the C-bound HCN complex, and, on
the basis of results to be described, the material giving the
broad final absorption (Figure 1d) to be a polynuclear CN-
bridged species arising from the decomposition reaction

n[(NH,);RuCNH](PF,), = [(NH,), RuCN1, [PF, 1, +
#NH,PF, M

Species I is unstable in solution and its decomposition (as
measured by the disappearance of the band at 229 nm) ac-
celerates as the acidity decreases. Approximate values for the
specific rate of this reaction as a function of pH (acetate buffer)
are: Kkobsd X 102, sec™! =1, 4,7, 17, >70 at pH’s of 3.6, 4.5,
4.8, 5.5, 7.0, respectively. We take the decomposition reaction,
at least in its first stages, to involve isomerization of N-bound4
HCN to a C-bound form, a reaction which it is reasonable
to suppose will take place more readily for the deprotonated
ligand than for the protonated.

When the reaction is studied with isonicotinamide (isn)
present, the reaction course is simple, and a product is formed
which has an absorption maximum at 415 nm. Similar ab-
sorption spectra were obtained for trans-[Ru(NH3)4CN(isn)]+
starting with [Ru(NH3)sNCH]2* or [Ru(NH3)sCN]* and
isonicotinamide at pH 8.3. Since [Ru(NH3)s(isn)]2+ has a
maximum at 480 nm, the reaction leading to product is not
substitution of CN- by isn. From the kinetic behavior and
in analogy to observations!a made on the labilization of trans
ammonia by C-bound imidazole, we take the reaction product
to be trans-[Ru(NH3)4aCN(isn)]* (I1I).

The rate of formation of II from I was found to be inde-
pendent of pH in the range 5 to 7.3, and of [isn] over the range
0.01 to 0.1 M. The specific rate calculated for the reaction
is 5.3 X 103 sec~!. The results just described, compared with
those on rearrangement, show that the formation of the isn
product is slow compared with the rearrangement of cyanide.
We conclude, therefore, that the step governing the rate of
formation of II is the release of trans NH3 from the C-bound
form of Ru(NH3)sCN+*. Comparison with the literature value$
for the release of NH3 from Ru(NH3)62+ shows that replacing
NH3 by CN- enhances the rate of trans ammonia release by
a factor of 3 X 103. The effect of CN~is almost as great as
that of SO32- where the corresponding labilizing factor is
foundé to be 6 x 103,

Aging the solid for a period of days or adding I to ~2 M
NHj and immediately reprecipitating it produced spectrum
1d. Inview of the labilization of the trans position noted above,
it is reasonable to suppose that the substance giving rise to 1d
is the product of polymerization of Ru(NH3)4CN*. An
analysis was not obtained for the solid, but the conclusion that
the species is polymeric is supported by the fact that it is not
eluted from a cation exchange column by 1.5 M LiCl. For
this interpretation to be accepted, a great decrease in the
affinity of NH3 for Ru(II) when CN- is coordinated must be
assumed, in line with the increased lability already documented
for the trans ammonia.

An incidental conclusion which follows from the rate profiles,
k vs. pH, for the decomposition (rearrangement) reaction and
the formation of II is that while Ru(NH3)sNCH?2% is still
largely protonated at pH 5.5, Ru(NH3)sCNH2* is fully
deprotonated at this pH.
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It has been reported that instead of rapidly cleaving the
germanium—phosphorus bond of GeH3PH2 to form phosphine
and germanol and/or germoxane products, water promotes
the redistribution of germyl and hydrido groups on phosphorus
to yield phosphine, digermylphosphine, and trigermyl-
phosphine.? Prompted by our interests in redistribution re-
actions as routes to new germanium—phosphorus bonded
compounds4-6 we have examined reactions that the methyl-
(phosphino)germanes, (CH3)2Ge(PH2)H, (CH3)2Ge(PH>)>2,
and (CH3)3GePH2, undergo with water. Our results are
reported below.

Experimental Section

Apparatus and Materials. All manipulations were carried out in
standard vacuum-line apparatus.” Proton magnetic resonance data
were obtained using a Varian A-60A spectrometer. Proton chemical
shift values are reported relative to internal (CH3)4Si (negative §
downfield). Infrared spectra were obtained with a Perkin-Elmer
Model 337-G spectrometer. Mass spectra were obtained with a Varian
MAT CH-5 spectrometer operating at an ionizing voltage of 70 eV.
The (CH3)2Ge(PH2)H, (CH3)2Ge(PH2)2, and (CH3)3GePH2 were
prepared as described previously.® Dimethoxyethane (monoglyme)
was distilled from LiAIH4 prior to use. Distilled water was used in
hydrolysis reactions.

Hydrolysis Reactions. Typically, the methyl(phosphino)germanes
and water, and in some cases monoglyme, were condensed into
heavy-walled NMR tubes or Pyrex bulbs and allowed to react as
shown in Table . Examples in the table are bulb reactions unless
specified otherwise. Products from bulb reactions were removed and
separated by fractional condensation and/or sublimation techniques.
Reaction materials were identified by comparison of their reported
spectral properties with literature values as: PH3 (ir® and 'H NMRI10),
(CH3)2GeHa (ir!! and tH NMR!2), (CH3)2Ge(PH2)H (‘H NMRS®),
(CH3)2Ge(PH2)2 (‘H NMRS), (CH3)3GePH2 (!1H NMRS),
[(CH3)3Ge]20 ('H NMR13), and [(CH3)2GeO}14 ('H NMR14). In
experiments 2 and 3, the reported quantities of [(CH21)2GeQl34 are
those obtained after purification of the products by sublimation along
a horizontal gradient-heated sublimation tube. The [(CH3)2GeH]20
in experiment 4 was separated crudely from other reactants by
fractional condensation, Extraction of the crude material into diethyl
cther followed by removal of the ether in vacuo resulied in pure
[(CH3)2GeH)20 in about 50% yield.

In a separate series of experiments, (CH3)2Ge(PH2)H and H20
ina 10:1 ratio in monoglyme in an NMR tube were allowed to react
at room temperature while reaction progress was periodically



