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according to

4Cudl) + 5MIBA — Cul,Cull, (MIBA), + MIBA(SS)
5Cu(I) + 3/;MIBA(SS) — Cul,Cull, (MIBA), + Cu(Il)

The copper(11):MIBA ratio of 4:5 corresponds to a 0.44
predicted optimum ratio on the copper(II) plus MIBA Job’s
plot (A), and the copper(I):MIBA(SS) ratio of 10:3 corre-
sponds to a 0.77 predicted optimum ratio on the copper(I) plus
MIBA(SS) Job’s plot (C). If the 1 mol of MIBA(SS) liberated
as the oxidation product in the first reaction is fully converted
to colored complex by the addition of excess copper(l), the
color intensity should increase 67% corresponding to the
formation of an additional 0.67 mol of colored product (B).
If the 1 mol of copper(II) formed as oxidation product in the
second reaction is converted to colored complex by the addition
of excess MIBA, the color intensity should increase 25% in
accordance with the formation of 0.25 mol of colored product
(D). CulaCullz(MIBA)3 thus represents the best fit of the
spectral parameters by predicting values which fall within the
experimentally observed range in three of the four categories.
The one category (D) out of four which does not show
agreement between theory and observation involves absorbance
intensification of the copper(I) plus MIBA(SS) product. This
discrepancy may be resolved if some of the CuCl reactant has
been oxidized prior to the formation of the purple complex.
The reaction between CuCl and MIBA(SS) was slow because
of the limited solubility of both MIBA(SS) and CuCl in
aqueous solution. Therefore, a small amount of atmospheric
oxidation could have taken place under the conditions of the
reaction. Additionally, there was a trace of a copper(II)
impurity in the CuCl. The preceding assumption is consistent
with the observed extinction coefficient of the solution cor-
responding to the optimum point on the copper(l) plus
MIBA(SS) Job’s plot. The extinction coefficient of this
solution was predicted to be 1200 and was expected to increase
to the full 1500 value upon addition of excess MIBA. In
actuality, the optimum solution only had an emax of 1000 but
it increased to the expected value of 1500 in the presence of
excess MIBA. This suggests that there was sufficient copper
present to lead ultimately to full color development, but there
was insufficient copper(I) to yield the predicted absorbance
with MIBA(SS). The predicted Job’s plot optimum value (C)
is still within the experimentally observed range if calculated
on the basis of the proposed prior oxidation of less than 10%
of the CuCl. The precipitated complex contains water and
the stoichiometry Cul2Cullz(MIBA)3.4H20 approximates the
analytical data obtained for the solid species except that it does
not account for the presence of small quantities of chloride.
An experimental molecular weight of 790 in H2O is rather
close to the predicted value of 6%0.

Returning to the penicillamine system, we suggest that the
observed complications are primarily due to polymerization,
to the inhibition of the reaction by penicillamine disulfide, and
to the unusual role of chloride (and bromide) which is still
unexplained. '
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Recently a number of workers have prepared transition
metal complexes of substituted phosphinites and secondary
phosphites. The ligands, however, tend to be hydrolytically
unstable and the complex obtained contains the coordinated
resulting acid and its conjugate base. In earlier work we had
found that alkyl diphenylphosphinite complexes of platinum
would undergo hydrolysis to give complexes containing co-
ordinated diphenylphosphinous acid and diphenyphosphinite!
groups.23 From the hydrolysis of Pt(ROPPh2)4 [R = Me,
n-Bu] the three complexes PtH(OPPh2)(HOPPh2)(n-
BuOPPh2), PtH(OPPh2)(HOPPh2)2, and Pt(OPPh2):-
(HOPPh2)2 were obtained. In a separate study Dixon et al.
prepared Pt(OPPh2)2(HOPPh2)2 by treating PtCI(OPPh2)-
(HOPPh2)2 with AgOPPh2.4 Dixon postulated that the
hydrogen atoms on the diphenylphosphinous acid groups were
symmetrically H bonded between the diphenylphosphinito and
diphenylphosphinous acid moieties. This idea was implicitly
understood in our second publication,? and more recently a
communication on the single-crystal X-ray structure deter-
mination of the compound Pd2(SCN)2[(OPPhz)2H]25 has
given further credence to this claim. This bifunctional
hydrogen-bonded ligand structurally resembles the anion in
[PtH(PPh3)3](CF3CO2)2H.¢

The hydrolysis of chlorodiphenylphosphine,” trialkyl
phosphite,89 or alkyl diphenylphosphinite!.2 complexes of
platinum leads to phosphorus-bonded complexes of this
hydrogen-bonded six-membered ring system. Since these
phosphorus compounds undergo more facile hydrolysis when
they are not coordinated to a transition metal,!0 it appears
likely that these synthetic routes involve the acid as the reactive
species.? A recent communication has indicated that the salts
of these acids are not widely recognized as ligands,!! but in
this note we will present compelling evidence that the formation
of diphenylphosphinous acid—diphenylphosphinito complexes
of PtIl by the hydrolysis route involves the intermediacy of
diphenylphosphinous acid as the reactant.



Notes

Results and Discussion

The hydrazine reduction of a suspension of PtCla(a-
BuOPPh»):2 in aqueous ethanol and »-BuOPPh; leads to the
formation of Pt(n-BuOPPh2)4.! This product must be quickly
separated from the reaction medium, however, or subsequent
hydrolysis occurs leading to the formation of either PtH-
(OPPh2)(HOPPh2) (n-BuOPPh2) or Pt{OPPh2)2(HOPPh2)a.
When Pt(MeOPPh2); is allowed to hydrolyze under similar
conditions, the product is PtH(OPPh2)(HOPPh2)2.2 These
products undoubtedly arise from the facile hydrolysis of the
respective alkyl diphenylphosphinites. The initially formed
Pt(0) complex is kinetically labile, and the free alkyl di-
phenylphosphinite in solution can hydrolyze to diphenyl-
phosphinous acid. The diphenylphosphinous acid formed can
either coordinate to the zerovalent platinum as a donor, or it
can add the P-H bond to form a hydroplatinum(II) complex.
This explanation would rationalize the formation of both
PtH(OPPh2)(HOPPh2) (n-BuOPPh2) and PtH(OPPh2)-
(HOPPh2)2. The former can be isolated from the reaction

medium since the partially hydrolyzed complex is now ki- -

netically inert, and in addition its isolation is favored since it
precipitates from the reaction medium. If these compounds
are formed by successive hydrolysis of the alkyl diphenyl-
phosphinite, we should be able to convert PtH(OPPh2)-

(HOPPhy)(n-BuOPPhy) into PtH(OPPh2)(HOPPh2)2. This |

has now been effected by refluxing in aqueous butanol, eq 1.

PtH(OPPh,)(HOPPh, )(n-BuOPPh,) + H,0 —
PtH(OPPh, )(HOPPh, ), + n-BuOH )

We have also found that the transformation of PtH-
(OPPh2)(HOPPh2)2 into Pt(OPPh2)2(HOPPh2)2 can be
effected by refluxing PtH(OPPh2)(HOPPh2)2 with HOPPh2
in aqueous ethanol as solvent in the presence of a base, eq 2.

PtH(OPPh,)(HOPPh,), + HOPPh, — 2)
Pt(OPPh,), (HOPPh,), + H,

In the presence of excess HOPPh: it is possible to convert
Pt(n-BuOPPh2)4 into Pt(OPPh2)2(HOPPh2)2 without the
intermediate formation of the hydrido complexes. These
transformations are shown in Scheme 1.

The protonation by HOPPh2 (or as the tautomeric form
Ph;PH(O)) remains the speculative aspect of this reaction
scheme. In order to verify the plausibility of this step we have
treated Pt(PPh3)4 with a slight excess of HOPPh2. The
addition proceeds in a facile manner at room temperature as
PtH(OPPh2)(HOPPh2)(PPh3) (1) is obtained, eq 3. [Al-

Ph,
H - p=0,
Pt(PPh,), + 2HOPPh, — Pt H+ 3PPh, (3)
Ph,P" P-O '
Ph,

1

though the structures shown depict the diphenylphosphinous
acid—diphenylphosphinito complexes as valence-bond struc-
tures, we recognize the likelihood that the conjugated ring
structure representation is equally appropriate.] This product
is unusual in that the anticipated stoichiometry of the product
of addition of HX to Pt(PPh3)4 is PtHX(PPh3)2.12 A similar
reaction pattern has been observed on treating Pt(PPh3)4 with
2-(methylthio)ethanethiol, when the product is PtH-
(SCH2CH2SMe)(PPh3).13 This difference in stoichiometry
of the product in the HX addition has been ascribed to the
chelate-assisted addition of the polyfunctional addend causing
an additional triphenylphosphine to be displaced. The sim-
ilarity in reaction patterns may be a consequence of di-
phenylphosphinous acid, in its diphenylphosphine oxide
tautomeric form, existing as a dimer!4 in solvents of low
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Scheme I
Pt(n-BuOPPh, ), = Pt(n-BuOPPh,), + 2n-BuOPPh,

—n-BuOPPh,
2Ph,PH(O)

N
N\

2HOPPh, + 2n-BuOH

2H,0

HOPPh,
(excess)

PtH(OPPh, )(HOPPh, ) (n-BuOPPh,)

Hz\
HOPPh,

Pt(OPPh,), (HOPRPh,), <————PtH(OPPh,)(HOPPh,), + n-BuOH
base

- =166 Hz—
Ptrans™H

Figure 1.

dielectric constant such as benzene. An alternative explanation,
however, is that the initial product is PtH(OPPh2)(PPhs)2 and
that the driving force to the displacement of the further PPh3
molecule by diphenylphosphinous acid is the formation of the
hydrogen-bonded ring structure. Compound 1 is insoluble in
common organic solvents, but the analogous complex PtH-
(OPPh2) (HOPPh2)(PMePh2) (2), which can be obtained by
treating Pt(PMePh2)4 with HOPPh3, is quite soluble. The
IH NMR spectrum of complex 2 in the high-field region is
shown in Figure 1. The resonance is centered at 7 13.91 with
Jp(trans)-H = 166 Hz and Jp(cis)-H = 24 and 10 Hz, respectively.
This spectrum closely resembles that for PtH(OPPh2)-
(HOPPh2)(#n-BuOPPh2) which has the resonance centered at
7 14.14 with Jp(trans)-H = 157 Hz and Jp(cis)-4 = 26 and 12
Hz, respectively. The value of Jp(dis)-H = 26 Hz is considerably
larger than expected for coupling with PMePh2!2 and so we
consider it likely that this coupling is due to the cis-di-
phenylphosphinito group. The values of Jpi-H are 880 and 884
Hz for PtH(OPPh2)(HOPPh)(n-BuOPPh2) and PtH-
(OPPh2)(HOPPh2)(PMePh2), respectively.

The methyl resonance (7 8.55) appears as two doublets
separated by 9 Hz. This resonance is anticipated to be a
complex pattern since the PMePha group is both cis and trans
to a coordinated phosphorus, and the possibility of virtual
coupling leads to the prediction of some multiplicity. The acid
hydrogen on the coordinated diphenylphosphinous acid is broad
(~22 Hz) and centered at 7 —3.43. Because of the low
solubility previous workers24 were unable to observe this
resonance in Pt(OPPh2)2(HOPPh2)2.2.!5

The ring hydrogen atom can be readily replaced with -BF2
by treating the compounds with BF3-Et20. From this reaction
we have prepared the capped compounds 3-5. Compound 4
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5

is quite soluble in organic solvents and the 'H NMR spectrum
of the complex in the upfield region shows a similar multiplicity
to that of 2. The resonance of 4 is centered at v 13.55 which
represents a shift of 36 Hz from the position of the resonance
in compound 2. The infrared spectra of complexes 3—5 show
vB-F in the range 1000-1050 cm™1.

Experimental Section

Infrared spectra were obtained as Nujo! mulls on Perkin-Elmer
Model 700 and 457 spectrometers. 'H NMR spectra were obtained
at 100 MHz on Varian HA 100 or at 60 MHz on Varian T-60
spectrometers. Melting points were obtained on a Fisher-Johns
apparatus and are uncorrected. Diphenylphosphinous acid was
prepared by the hydrolysis of chlorodiphenylphosphine and subse-
quently purified.!6 Reactions were carried out in a nitrogen at-
mosphere. Microanalyses were carried out on a Perkin-Elmer Model
240 elemental analyzer except for fluorine analyses which were carried
out by Galbraith Laboratories, Inc.

Hydridodiphenylphosphinito(diphenylphosphinous acid)triphenyl-
phosphineplatinum(II), 1. To a solution of Pt(PPhz1)4!7 (300 mg) in
dry benzene (10 ml) was added diphenylphosphinous acid until the
orange color disappeared. The solvent was removed and ether added
to give the complex as a colorless precipitate, 161 mg (72%); mp
196-200°. Anal. Caled for C42H3702P3Pt: C, 58.5; H, 4.30. Found:
C, 58.8; H, 4.34,

Hydridodiphenylphosphinito(diphenylphosphinous acid)methyldi-
phenylphosphineplatinum(II), 2. To a solution of Pt(PMePh2)4!8 (767
mg) in oxygen-free benzene was added diphenylphosphinous acid until
the orange color of the solution disappeared. After stirring for 1 hr,
the solution was dried with MgSO4. After 15 min the solvent was
removed and ether added to give the complex as colorless crystals,
544 mg (88%); mp 185-187°. Anal. Calcd for C37H3502P3Pt: C,
55.6; H, 4.38. Found: C, 55.9; H, 4.34.

Hydridodiphenylphosphinito(difluoroboron diphenylphosphinite)-
(n-butyl diphenylphosphinite)platinum(Il}, 3. To PtH(OPPhy)-
(HOPPh2)(n-BuOPPh2) (200 mg) in dry ether (7 ml) was added
BF3-Et20 (3 drops). After 3 hr of stirring the complex was filtered
and recrystallized from CH2Cl2 and ether, 187 mg (89%); mp
155-158°. Anal. Calcd for CagH40BF203P3Pt: C, 53.0; H, 4.42;
F, 4.20. Found: C, 53.4; H, 4.33; F, 4.28.

Hydridodiphenylphosphinito(difluoroboron diphenylphosphinite)-
methyldiphenylphosphineplatinum(Il), 4. To a solution of PtH-
(OPPh2)(HOPPh2)(PMePhz2) (100 mg) in dry ether (7 ml) was added
BF3-Et20 (5 drops). After 4 hr of stirring the colorless precipitate
was filtered and recrystallized from CH2Cl2 and hexane, 86 mg (81%);
mp 179-181°. Anal. Calcd for C37H34BF202P3Pt: C, 52.4; H, 4.01;
F, 4.49. Found: C, 52.2; H, 4.10; F, 4.59.

Bis(diphenylphosphinito)bis(difluoroboron diphenylphosphinite)-
platinum(II), 5. To a solution of Pt{OPPh2)2(HOPPh2)2 (100 mg)
in dry ether (7 ml) was added BF3:Et20 (5 drops). After 4 hr of
stirring the light yellow color of the solution was discharged and a
white precipitate obtained. The compound was filtered and washed
with ether, 78 mg (71%); mp 300°. Anal. Caled for
Ca8Ha40B2F40sP4Pt: C, 52.5; H, 3.65; F, 6.93. Found: C, 52.8; H,
3.65; F, 7.15.

Notes

Conversion of PtH(OPPh2)(HOPPh2)(#-BuOPPh:) into PtH-
(OPPh2) (HOPPh2)2. To aqueous n-butyl alcohol was added
PtH(OPPh2)(HOPPh2)(#-BuOPPh2) (280 mg) and the mixture was
refluxed for 2 hr. The resulting precipitate, PPH(OPPh2)(HOPPh2)2,
was filtered and washed consecutively with water and ether, 139 mg
(63%).

Conversion of PtH(OPPh2)(HOPPhz): into Pt(OPPh:2)2-
(HOPPh2)2. To a suspension of PtH(OPPh2)(HOPPhz2)2 (200 mg)
in ethanol (14 ml) was added diphenylphosphinous acid (300 mg).
To the stirred mixture was added hydrazine (5 drops of 85%) when
the color became pale yellow. After 4 hr, further hydrazine (20 drops)
was added and the mixture stirred for 12 hr, The solvent was removed
to leave a yellow oil. Addition of ether gave a compound which was
recrystallized from CH2Cl2 and ether, 99 mg (40%).

Conversion of Pt(#-BuOPPh2)4 into PtH(OPPh2)(HOPPh>)-
(n-BuOPPh2). To a solution of ethanol (7 ml) and water (3 ml) was
added Pt{(n-BuOPPh2)4 (100 mg). The solution was refluxed and
HOPPhz (~10-15 mg) added. After 12 hr the solution was colorless.
Upon cooling, the complex was obtained in quantitative yield.

Conversion of Pt(n-BuOPPhy)4 into PtH(OPPh2) (HOPPhz)2. To
a stirred solution of Pt(#-BuOPPh2)s4 in dry benzene was added
HOPPh; until the orange color was discharged. After 30 min the
solvent was removed to leave an oil. Trituration with ethanol (6 ml)
and water (2 ml) followed by refluxing gave a white precipitate.

Conversion of Pt(#-BuOPPh2)4 into Pt(OPPh2)2(HOPPh2)2. An
analogous procedure was used as for the conversion into PtH-
(OPPh2)(HOPPh2)2 except that the solution was refluxed for 1 hr;
the yield of product was high.
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