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Anhydrous aluminum ijodide was prepared by
standard methods and dissolved in anhydrous am-
monia which was also prepared and handled by standard
techniques. The AI(III) concentration was ca. 1.35 M.
In other experiments it had been found that addition
of Cu(NHj3)(NOj;), to the extent of ca. 0.2 M broad-
ened the solvent ammonia line beyond detection (the
bound ammonia line and solvent line occur at essen-
tially the same frequency) and that Cu(Il) and I-
were stable in ammonia. Addition of the Cu(l)
nitrate salt caused precipitation of some AI(III) the
amount of which was determined, and an appropriate
correction was made. The “N nmr absorption line
for the bound ammonia (and references) was measured
at ca. 9300 gauss using equipment previously described.®
The areas under the curves were measured in various
ways and compared with areas obtained for standard
aqueous NaNO;, Co(NH;)s* in ammonia, Co(NH;)s-
H.O in water, and others. The known solutions gave
internally consistent results and were chosen to give
line widths and intensities comparable to that found
for the AI(III) species. This was done so that all the
nmr measurements could be made under essentially
identical conditions of radiofrequency level, modula-
tion amplitude, etc. The full width at half-maximum
absorption for the bound ammonia line was 1.35 =
0.14 gauss at 27°. The coordination number of AI(III)
was found to be 6.03 + 0.45 (as an average of four
signals).

We were unable to shift the solvent line sufficiently
to be useful using either Cu(II) (which produces rela-
tively small shifts) or Co(II) without causing excessively
large amounts of broadening. Dysprosium nitrate
was found to be too insoluble in ammonia to be useful
for shifting the solvent line.

The results imply a relatively long lifetime for the
Al(NH;)¢*t species in ammonia consistent with the
results of Sutter and Hunt” using '*N tracer techniques.
A coordination number of six was also found for the
hydrated species.? - The precision of the measurements
was limited because of the broad, weak signals involved.
Attempts to measure solvation number for Be(II)
and Ga(IIl) have failed so far because of solubility
problems. The use of !N and improved nmr equip-
ment may make it possible to study other species in
the future.
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Oxidation of Coordinated Ligands.
Sulfato and Nitrato Complexes of Platinum

Sir:

During the recent upsurge in interest in the behavior
of d* and d8 complexes, a variety of working models
have been suggested in an attempt to rationalize and
predict the chemistry of these species.»? Recently
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we have inclined strongly to the view that the behavior
in solution of the zerovalent complexes M(PPhj),
(M = Ni, Pd, Pt) is essentially that of solvated metal
atoms. The characteristics! of the oxygen and ethyl-
ene complexes, (PPh;),PtO; and (PPh3),Pt(C,;H,), helped
to reinforce this concept and prompted an investiga-
tion under homogeneous conditions?® of those reactions
in which platinum has traditionally served as a heter-
ogeneous catalyst; e.g., the contact process.

Passage of SOy into asolution of (PPh;,),PtO, at room
temperature results in the rapid formation of an air-
stable complex which we believe to be the sulfato complex
I. Anal. Calcd for CyeH;3004P.SPt: C,53.00; H, 3.68;
mol wt, 815. Found: C,52.92; H, 3.66; mol wt, 795,
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The infrared spectrum (Nujol) shows four strong band
with some splitting at 1279, 1165 and 1150, 880 and
871, and 650 cm—!, which is in accord with the sym-
metry of the SO, group acting as a bidentate ligand
(Cyy) and is in reasonable agreement with the spectrum
reported by Barraclough and Tobe* for the complex
[Co(en),SOBr, one of the few monomeric complexes
known to contain bidentate sulfate. The possibility
of a sulfur-bonded sulfito complex® cannot be ruled out
in terms of the number of bands observed, but is, we
feel, unlikely in view of the high frequency of the band
which we assign to the asymmetric S-O stretch (1279
cm—!), Reaction between SO, and a solution of the
ethylene adduct, (PPh;).Pt(C,H,), results in displace-
ment of ethylene and formation of a brown crystalline
complex® which loses SO, readily on warming (50°)
to yield the air-stable, green complex (PPh;)Pt(SOs).
Anal. Caled for CseH30OP.SPt: C, 55.17; H,
3.83; S, 4.09. Found: C, 54.92; H, 3.94; S, 4.68.
Two strong infrared bands (Nujol) are found at 1182
and 1149 and 1035 cm™!, resulting from asymmetric
and symmetric S-O stretching vibrations. The spec-
trum is strongly indicative of a sulfur-bonded SO,
adduct, and the complex is presumably of a similar
type to (SO)IrCl(CO)PPh;). recently reported by
Vaska.” Passage of oxygen through a solution of the
green SO, adduct, or heating the complex in air (110°),
results in the formation of the sulfato complex already
described.

Similar results are obtained when the oxygen ad-
duct is treated with NO,, the dinitrato complex (II)
being obtained pure and in high yield. Anal. Calcd
for CssH3N,OsP;Pt: C, 51.25; H, 3.56; N, 3.32.
Found: C, 51.43; H, 3.65; N, 3.16. The complex
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absorbs strongly at 1502 and 1491, 1272 and 1263,
974, and 787 cm™~! in the infrared (Nujol) and is evi-
dently comparable to a series of four-coordinate dini-
trato complexes reported by Bannister and Cotton.®
The dinitrato complex is decomposed rapidly by
boiling water with the liberation of nitrate ion; the
sulfato complex is considerably more resistant to
hydrolysis, but reaction with cyanide ion results in
displacement of the coordinated sulfate group and

formation of a cyano complex of Pt(II) (infrared band.

at 2132 cm™?).
The mechanistic aspects of some of these reactions
are currently receiving attention.
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Delocalization of the w-Electron System in
1,4-Dihydrophospha(V)pyrazines
Sir:

The nature of w-electron delocalization in the phos-
phonitrilic system has been the subject of some con-
troversy.'2 The few cyclic phosphorus—carbon six-
m-electron systems capable of 3d-2p = delocalization
thus far synthesized have been rather unstable.4

We wish to report the synthesis of a stable 1,4-dihy-
drophospha(V)pyrazine in which there appears to be
delocalization of the four m electrons over the phos-
phorus atoms,

We have isolated 1,1,2,4,4,5-hexaphenyl-1,4-diphos-
phoniacyclohexadiene-2,5 dibromide (Ia) in over 607
yield from the 100-hr reaction of phenylethynyldiphenyl-
phosphine® (II) with hydrogen bromide in glacial acetic
acid at room temperature (eq 1). The orange solid

CHi CHl,
H. _I: CeH;
2CH,C=CP(CH;), -%%» I+ , 2Br~ (@)
CH, P H
PN
CHs  CoHy
Ia

Ja melted at 286-290° (from ethyl acetate-methanol).
Anal. Caled for C40H32P2BT2'H205 C, 63.83; H,
452, P, 824; Br, 21.28. Found: C, 63.85; H,
4.49; P, 8.30; Br, 21.05.

The water solubility, the infrared spectrum, and the
fact that it gives an immediate yellow precipitate (Ib)
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when treated with aqueous sodium picrate show that
Ia is a phosphonium salt.

Elemental analysis establishes Ia as a 1:1 adduct of
II and HBr, i.e., [(CeH;),PC=CC¢H; HBr},, while
the lack of covalently bound bromine in the adduct is
deduced from the analysis of the picrate Ib, mp 245-
248° (from acetonitrile). Anal. Caled for CsHse-

N¢O14Ps: C, 6058, H, 350, N, 816, Bl', 0.00.
Found: C, 60.50; H, 3.37; N, 8.14; Br, 0.00.
Table I+
7, Area
Compd Protons Muttiplicity Jp_m, cps ppm ratio
1 0.60
Ia Vinyl {Broad complex 1.04 1
1 1.5
Phenyl-P  Complex 2.0 10
Phenyl-C 1 2.38 5
IIla CH Complex ~4.6 1
Phenyl Complex ~2.2 15
CH, Complex ~5.6 2
1 1.00
v Vinyl {Broad complex 1.42 1
1 1.84
Phenyl-P  Complex 2.15 10
CH, 2 (broad) 8.0 6.11 2

s Proton nmr at 60 Mc/sec employing tetramethylsilane as an
internal standard and trifluoroacetic acid as solvent.

The proton nmr spectrum of a trifluoroacetic acid
solution of Ia at 60 Mc (Table I) shows two sharp
peaks at 7 0.6 and 1.5 with a shallow broad complex
centered between them. This is similar to the proton
nmr spectrum of 1,1,4,4-tetraphenyl-1,4-diphosphonia-
cyclohexene-2 dibromide (IV)® (Table I). These data

CH;_ CH
H ¢ H
@
H
H P H
Vd
e’ o,

v
fit a polymeric vinylenebis(diphenylphosphonium) bro-
mide.

2Br~

~+P(CeH;);,CH=C(CH:-,"* nBr-

Furthermore, the melting point and complete ab-
sence of covalently bound bromine strongly suggest a
cyclic structure in which # is not very large.

Osmotic pressure depression of methanol solutions
of Ia over a range of concentrations (Table II) showed
that association occurs at higher concentrations and
that the effective molecular weight, obtained by extrap-
olation, approaches the value of 245 (where n = 2).

Table II. Molecular Weight Determination of Ia in Methanol
Solution by Osmometric Method

~—————Concentration
mg/ml M Mol wt
9.470 0.0320 296
5.995 0.0212 283
3.280 0.0123 267
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