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case an approximately SO cm™ decrease is observed. We
attribute this decrease to an intramolecular donor/acceptor
interaction between an endocyclic nitrogen lone pair of
electrons and the electropositive carbon center in the carbonyl
group. Similar intramolecular nitrogen/carbonyl effects have
been observed in the infrared spectra of cyclic amino ketones.!3
If one considers the phosphazene ring to have three-center
(PNP) = molecular orbitals with nodes at the phosphorus
atoms,'6 then this perturbation will affect only one of the three
such regions in a cyclotriphosphazene. The loss of the ability
of the nitrogen lone pair to interact with phosphorus centers
will weaken the phosphorus—nitrogen bond in this region.!”
Therefore, one observes a strong phosphorus—nitrogen
stretching vibration in the normal region (1270 cm™) and a
significantly lower value associated with the phosphorus—
nitrogen bonds deprived of the nitrogen lone pair interaction.
Furthermore the phenyl multiplet in the 'H NMR of I does
not show significant separation between the ortho, meta and
para protons indicating a decrease in the positive nature of
the carbonyl carbon.

The prominent peaks in the mass spectra of I and II are
dominated by ligand fragmentation processes. In both cases
the P;N,F;OH" ion is prominent. One can envision the
formation of this ion via the elimination of the appropriately
substituted acetylene, i.e., elimination of phenylacetylene from
the molecular ion of I, The ion derived from the acetylene
is observed in each case. It is also of interest to note the large
C¢HsCN* ion in the mass spectrum of 1.

The stability of I and II is in marked contrast to that of
carboxylic acid derivatives of phosphazenes. The interaction
of the benzoate anion with P;N,;Clg yields the trimeta-
phosphate anion and benzonitrile.>'* The mechanism for this
reaction is believed to proceed through ring nitrogen lone pair
attack on the carbonyl carbon followed by rearrangement to
the phosphonyl function and N-substituted phosphazane (see
below). While we observe evidence for nitrogen lone pair—
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carbonyl interaction in I and II, we do not observe the facile
rearrangement which occurs in the benzoate reaction.

Registry No. I, 63915-14-0; II, 63915-13-9; P;N;Fg, 15599-91-4;
acetophenone, 98-86-2; cyclohexanone, 108-94-1.

References and Notes

(1) T. Moeller, A. Failli, and F. Y. Tsang, Inorg. Nucl. Chem. Lett., 1, 49
(1969); E. Niecke, H. Thamm, and O. Glemser, Z. Naturforsch., 266,
366 (1971); N. L. Paddock, T. N. Ranganathan, and S. M. Todd, Can.
J. Chem., 49, 164 (1971).

(2) T. Chivers, Inorg. Nucl. Chem. Lett., 7, 827 (1971).

(3) C. W. Allen and T. Moeller, Inorg. Chem., 7, 2177 (1968).

(4) T. Chivers and N. L. Paddock, fnorg. Chem., 11, 848 (1972).

(5) H.R. Allcock, “Phosphorus-Nitrogen Compounds”, Academic Press,
New York, N.Y., 1972. )

(6) H. O. House and V. Kromer, J. Org. Chem., 28, 3362 (1963).

(7) T.Moeller, K. John, and F. Y. Tsang, Chem. Ind. (London), 347 (1961).

(8) Diethyl ether may also be used as the solvent. Although the anion of
acetophenone exhibits poor solubility in this solvent, the final yield of
the substituted phosphazene remains unaffected.

(9) Chemical shifts in ppm; coupling constants in Hz; all J(PF) values are
based on a first-order approximation; R = CgH,0, R’ = C¢H,0.

(10) Inem™, ’

(11) Only high-intensity peaks are reported. Several low-intensity, high-mass
fragments are in the spectrum of 1. Several high-intensity, low-mass
fragments due to the organic groups of both I and II are also omitted.

(12) C.W. Allenand A. J, White, Inorg. Chem., 13, 1220 (1974); C. W Allen,
J. Organomet. Chem., 128, 215 (1977).

(13) Several arylphosphoronylidines ((C¢Hjs);P=CH-) show extremely low
and often unresolved Jpcy values.

(14) R. N. Haszeldine, Nature (London), 168, 1028 (1951); L. J. Bellamy,
“The Infrared Spectra of Complex Molecules”, 2nd ed, Wiley, New York,
N.Y., 1966, p 139.

(15) N.J. Leonard, M. OKki, J. Brader, and H. Boaz, J. 4m. Chem. Soc., 77,
6237 (1955).

Inorganic Chemistry, Vol. 16, No. 11, 1977 2965

(16) J.-P. Faucher, J.-F. Labarre, and R. A. Shaw, Z, Naturforsch., B, 31,
677 (1976); M. J. S. Dewar and E. A. C. Lucken, J. Chem. Soc., 2423
(1960).

(17) C. W. Allen, J. B. Faught, T. Moeller, and 1. C. Paul, Inorg. Chem.,
8, 1719 (1969). :

(18) I I. Bezman and W. R. Reed, J. Am. Chem. Soc., 82, 2167 (1960).

Contribution from Webster Research Center, Xerox Corporation,
Rochester, New York 14644

Synthesis and Characterization of Mixed-Halide, Partially
Oxidized Potassium Tetracyanoplatinates

Joel S. Miller* and Ronald J. Weagley

Received November 2, 1976 AIC60785R

The detailed understanding of the metallic state of highly
conducting one-dimensional (1-D) inorganic complexes has
been thwarted by the paucity of materials available for
study.!'"* This has been especially true for the study of sys-
tematic variations due to disorder,’ metal, ligands, Fermi
energy, etc.!? For this reason it seemed appropriate to
synthesize K,Pt(CN),X,33H,0 (X = Cl, Br),! 1, with a
variable mixture of chloride and bromide in the tetragonal
lattice and study the ramifications of such a structural
modification on the physical properties. Herein we report on
the synthesis of K,Pt(CN),Br.;,6Cl.g16xH,0, 2, by slow
evaporation of an aqueous solution of 440 mg of K,Pt(CN),,
59.7 mg of Kth(CN)@BI’z, and 49.8 mg of K2Pt(CN)4C12.

Complex 1 (X = Cl, Br) can be synthesized by a variety
of techniques including electrochemical oxidation® in the
presence of KX or effectively partially oxidizing"” K,Pt(CN),
with X, (X = Cl, Br) in aqueous solution. The former method,
however, cannot be utilized to prepare 2 since even in the
presergce of excess bromide, 1 (X = CI) will preferentially
form,

Complex 2 was obtained in 66% yield from Pt"'(CN),%,
trans-PtV(CN),C1,7, 3, and trans-PtY(CN),Br,>, 4, via eq
1. The microanalytical data of 2 support the mixed-halogen

50K* + 21PtIHCN), > + 2trans-PHV (CN), Br,> +
IV H,O
2trans-Pt* V(CN),Cl, " ——
25K,Pt(CN),Bray (Clag o xH,0 (1)

K,Pt(CN)Br (16Cl.o16-xH,0° formulation. Powder x-ray
diffraction data of 2 clearly show that 2 is neither a simple

-mixture of 1 (X = Cl and Br) nor an ordered system with

alternating unit cells containing chloride and bromide (as well

‘as the vacant site typically associated with 1) as neither

doublets indexed!! to the Pdmm space group of 1'2 nor a
unique new power diffraction pattern was observed. This was
confirmed from analysis and refinement of the lattice constants
taken from single-crystal x-ray data.!> The derived unit cell
parameters for 2 are @ = 9.851 (2) A, ¢ = 5.766 (1) A, and
V = 559.6 (2) AL!® The ¢ axis lies approximately halfway
between the values reported by Williams et al. for 1 (X =
Br)!?* and 1 (X = Cl)!?* which suggest an intermediate ox-
idation between K,Pt(CN),Brg;, and K,Pt(CN),Cl;,;."
Reflections for 1 (X = Cl or Br) were not observed.

These lustrous metallic gold appearing needle crystals
exhibit vy at 2148 cm™ (Nujol) and no evidence for vpx. This
is consistent with the structure of 1, where only disordered ionic
halides are observed,"!? and the infrared spectra in the vey
region for 1 (X = Br,}!* C145%) and M, ;5Pt(CN) »xH,0 (M
=K, Cs)."** Thus, 2 is best described by the tetragonal Pdmm
structure of 1 except that the ~60% occupied halogen sites
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Figure 1. Far-infrared spectra of trans-K;Pt(CN),Cl; (top trace),
trans-K,Pt(CN),Br, (middle trace), and trans-K,Pt(CN),BrCl
(bottom trace).

are further disordered by the random occupancy with chloride
(~32%) and bromide (~32%). Through variation of the
ratios of 3 and 4 in eq 1, 2 can be synthesized with variable
halogen stoichiometries, i.e., K,Pt(CN),Cl Br;;_,-3H,0.
Furthermore, the ramifications of the introduced additional
disorder associated with 2 (with respect to 1) can be studied.

As part of the study of 2 the aqueous equimolar reaction
product of 3 and 4 was reevaluated to determine if it was a
simple mixture of 3 and 4 or trans-Pt"Y(CN),BrCl*, 5. The
mixed-halogen complex § was prepared from a minimum
amount of warm water!® and has been a postulated inter-
mediate in the halide-assisted anation of Pt(IV) complexes.!?
The infrared spectra (in a polyethylene pellet) of 3-5 in the
ven and vpx regions were obtained. In the »cy region sharp
singlets at 2172, 2162, and 2169 ¢cm™! were observed for 3-5,
respectively. In contrast to the »p.c and vp.p, absorption
frequencies at 338 and 258 cm™ for 3 and 4, respectively, §
lacked these absorptions and exhibited »p,_x at 324 and 340
em™!, Figure 1. Furthermore, the x-ray powder diffraction
pattern of § cannot be decomposed into the powder patterns
of 3 and 4. Thus, 5'® is a unique phase.

Acknowledgment. The authors wish to thank Mr. J. F.
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data.

Registry No. trans-K,Pt(CN),Cl,, 12072-77-4; trans-K,Pt-
(CN)4Br,, 12072-67-2; trans-K,Pt(CN),BrCl, 63765-22-0; K,
Pt(CN),, 562-76-5; bromine, 7726-95-6; chlorine, 7782-50-5.
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Transition metal complexes of phosphinoanisoles have been
recently reported with attention to their lability,! oxidative
additions,” and o-dealkylation.* The latter study also describes
metal complexes formally derived from the previously unknown
class of ligands, o-diorganophosphinophenols. Herein we
describe a convenient synthesis for o-diphenylphosphinophenol
from phenol itself; furthermore we describe several of its metal
complexes.

Results and Discussion

o-Diphenylphosphinophenol is prepared from phenol in three
steps: first the phenol is protected and activated, next the
diphenylphosphino group is attached, and finally the hydroxyl
group is deprotected. Methoxymethyl phenyl ether is easily
prepared on a large scale by the reaction of phenol with sodium
hydride followed by treatment with chloromethyl methyl ether.
The metalation of methoxymethyl phenyl ether®’ by butyl-
lithium yields the o-lithio derivative which, when reacted in
situ with chlorodiphenylphosphine, yields 1. Similar ortho-
metalations have been used by us to prepare other phosphorus
chelates.! 1 exhibits the chemical and spectroscopic char-
acteristics expected for a tertiary arylphosphine. Acid cat-
alyzed methanolysis of 1 cleanly gives the desired phenol (2),
PPhOH, in 42% overall yield. 2 is easily sublimable, shows

O/\o/ O/\O/ OH

o - @ o
1

2

a broad absorption in the infrared at 3400 cm™!, and has a
proton resonance absorption at § 6.15 which disappears upon



