Notes

this type of behavior were observed. We wish to re-
port the results of these findings, along with the inves-
tigation of the hydrogen chloride and hydrogen per-
chlorate compounds.

Experimental Section )

Materials.—The triphenylphosphine oxide was obtained from
M and T Cheinicals, Inc., and iised as received. Rhenium(V)
chloride was prepared by a modification of the method of Hurd
and Brimm? and g-rhenium(IV) chloride was obtained from Shat-
tuck Chemical Co. Indium perchlorate octahydrate was ob-
tained from Alfa Inorganics. Baker and Adamson 709, per-
chloric acid was used as received, while hydrogen chloride was
generated by the action of sulfuric acid on sodium chloride.

Analyses.—The carbon and hydrogern analyses were per-
formed by Galbraith Microanalytical Laboratories, Knoxville,
Tenn. The chloride content was determined by the gravimetric
method of Beamish.4

Physical Measurements.—Infrared spectra were obtained as
Nujol mulls or KBr pellets on a Perkin-Elmer 521 spectro-
photometer. Visible spectra were obtained on a Beckmian
DK-2A spectrophotometer in methylene chloride.

Preparation of the Compounds. {[(C¢H;);PO],H };Re;Cly.—
Rhenium(V) chloride, 0.66 g (1.8 mmol), was dissolved in 25 ml
of acetone giving a dark green solution. To this was added
triphenylphosphine oxide, 2.38 g (8.4 mmol), in 15 ml of ace-
tone. The solution was allowed to stand capped in 2 drybox, and
after 2 days the solution contained dark violet crystals. The
product was isolated by filtration, washed with acetone, and
dried to give 0.72 g (76.5%,) of product. It was recrystallized
from acetone—ether. Anal. Caled for CpHgOP:ReCly: C,
47.87; H, 3.46; Cl, 17.66. Found: C, 48.14; H, 3.62; Cl,
16.93. The molar conductivity detérmined in acetonitrile was
2568 oim~! cm?. The visible spectrum was the same as that
obtained previously for the Re;Cly?~ ion.b

The same compound was made in an analogous fashion from
B8-ReCl;. This conclusion was based on elemental analysés and
infrared and visible spectra. In both cases, the anion was re-
duced to the Re;Cls?~ ion upon standing in acetone.

{ [(C¢H;);PO],H }C10:,.—To a solution of 1.50 g (5.4 mmol) of
triphenylphosphine oxide in 10 ml of ethanol was added 0.54 g
(3.8 mmol) of 709, HC10;. After standing for 8 hr, the solution
was concenitrated to half the iditial volume. Upon cooling,
white crystals of {[(Ce¢H;s)POJ];H}CIO; were obtained. The
product was isolated by filtration, washed with ethanol, and
dried to yield 0.30 g (16.9%) of product. It was recrystallized
from ethariol. No attempt was made to maximize the yield.
Anal. Caled for CuHnP.0sCl: C, 65.81; H, 4.76. Found:
C, 65.38; H, 4.75.

(CeH;);PO+-HCl.—Hydrogen chloride was bubbled through a
solution of 2.0 g (7.2 mmol) of triphenylphosphine oxide dis-
solved in 25 ml of ethanol for 2 hr. The solution was allowed to
evaporate slowly until crystals formed. The solid was isolated
by filtration, washed with diethyl ether, and dried. The white
solid weighed 0.75 g (33.29,). No attempt was made to in-
crease the yield. Awnel. Caled for CisHisPOCl: C, 68.69; H,
5.12. Found: C, 67.96; H, 5.37. The melting point is 112-
114°, which is in agreement with that obtaihed by Hadzi.®

Results and Discussion
Recently it was shown that rhenitim (V) chloride and
water react as follows’

7ReCl; + 12H;0 —> 2Re,Cls?~ + 3ReO,~ 4 17HCI + 7H*

The water serves as an agent for the dimerization of the
rhenium and for the formation of an acid solution neces-
sary for the formation of the cation [(Ce¢H;);PO.H*,
In the present work, water can come from two sources.
It may be an impurity in the acetone or may be pro-
duced from the condensation of acetone, which has
been shown to occur in the presence of rhenium(V)
chloride.! Since no other solvents have been found in
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which ‘rhenium(V) chloride and triphenylphosphine
oxide react, this reaction again illustrates the unique
character of acetone. Rhenium(V) chloride was shown
to react differently from MoCl;, TaCl;, or NbCl;,
where oxygen abstraction from the triphenylphosphine
oxide takes place.®

During a study of the coordination chemistry of
indium, a second compound containing the cation was
observed. When solid In(ClO,);+8H,0 was exposed to
moist air, it turned to a semiliquid. The reaction of
this material with triphenylphosphine oxide in ethanol
did not lead to the desired product {In[(CsHz)sPO4}-
(C104)310 but to { [(C5H5)3PO ]2H}C104 It is felt that,
upon standing, the In(ClO,);8H,0 reacts further with
water to form perchloric acid and some unknown in-
dium species, with the subsequent reaction of perchloric
acid with triphenylphosphine oxide. This was shown
to be the case, since the utilization of new, solid In-
(Cl0.);-8H0 led to the isolation of the anticipated
indium complex, while the reaction of perchloric acid
and triphenylphosphine oxide resulted in the isolation
of { [(C5H5)3PO ]2H }C104

As Hadzi® had reported formation of {[(CsHj;)sPOJs-
H}Cl and its infrared spectrum, we attempted to re-
produce it for comparison of the infrared spectrum to
the compounds described in this paper. Numerous at-
tempts to produce the complex were unsuccessful.
These included varying the mole ratio of hydrogen
chloride to triphenylphosphine oxide, as well as the
amount of water present in the ethanol. Only (CsHjy)s-
PO-HCI was isolated, and its infrared spectrum and
elemental analyses were invariant after 1 year. We are
unable to account for this difference.

The infrared spectra of the salts are indicative of a
hydrogen-bonded cation with a broad band in the area
of 1000-800 cm~! In the hydrogen-bonding region,
these spectra compare favorably with those obtained
for [(antipyrine),H]ClO,!! and the protonic complexes
of HAuCly.?2 The spectrum of (CsH;),PO - HClis identi-
cal with that obtained by Hadzi for { [(CsHs)sPOJ,H}CL.
In the case of the perchlorate salt the presence of non-
coordinated ClO,~isindicated. The features are other-
wise routine.

We believe that these results indicate that the forma-
tion of the cation is more widespread than previously
thought, and its existence should be possible in an acid
solution which contains a bulky noncoordinating anion.
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Recently it has been reported that the Ni(0) com-
plexes NI(P(OC2H5)3)4 and NI(P(C5H5)2(CH2)2P—
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(CeHs)2)e Teact with strong nonaqueous acids in various
solvents to give hydrido complexes of the type Ni-
L.H+.1%2 In addition, the observation that Ni(P-
(OC.H;)s)s reacts with HCN in benzene to give NiH-
(P(OC:H;)3)sCN is reported in a patent specification.?
These papers prompt us to describe the reaction of
HCN with Ni(dpb): (dpb = 1,4-bis(diphenylphos-
phino)butane) in which the oxidation reaction pattern
seems to be quite different from that shown by related
compounds.1—*

Experimental Section

All operations were carried out in an atmosphere of argon,
the solvents were dried by conventional methods, and Ni(dpb),
was prepared as described previously.® Infrared spectra were
recorded on a Perkin-Elmer 357 and absorption in the visible
region was measured by an Optica CF4 instrument. HCN was
thoroughly degassed and saturated with argon.

A three-necked flask (50 or 100 ml) was fitted with a gas-tight
rubber cap, a stirrer, and a device which enabled solid samples
to be added under an inert atmosphere. In this device the com-
plex (0.1-0.5 mmol) was placed in a Teflor cylindric container,
where the compound could be thoroughly degassed. The ap-
propriate volume of argon-saturated solution of HCN in ben-
zene (1-2 M) and pure benzene was introduced by means of the
rubber cap and a suitable syringe. An infrared spectrum taken
at this stage could be used later as a reference. The complex
was then added to the flask and stirred vigorously until it had
dissolved. The presence of HCN seemed to facilitate solution.
Samples for ir analysis were carefully sucked from reaction mix-
tures by means of stainless steel and glass syringes and trans-
ferred to a cell with NaCl windows of suitable path length.
As the reaction proceeded, however, a precipitate was formed
and Millipore filtering equipment, previously filled with argon,
was used to obtain a perfectly clear solution for analysis. The
use of this technique enabled the infrared spectrum of the solid
products to be recorded immediately after that of the filtrate.

The reaction products were recognized as [(Ni{ICN(dpb)i.s)e®
and [NilI(CN)(dpb)]s’ from their characteristic infrared and
visible spectra. The latter product often appeared to be con-
taminated with the pentacoordinated species.” The spectro-
photometric determination of the concentration of Ni(CN),-
(dpb)e was carried out by adding a suitable excess of dpb to the
solution containing the Ni(II) complexes at the end of the reac-
tion. [Ni(CN).dpb], present is transformed into the penta-
coordinated species (Figure 2).7

The presence of hydrogen and hydrogenated products of ben-
zene was investigated by means of a Hewlett-Packard 5750 gas
chromatograph. A Poropak Q or molecular sieve column, 2
m long, was used for gases while for the liquids a 2-m long column
filled with 8,8’-oxydipropionitrile on Chromosorb Q (159%;) was
employed. The possibility that products with high boiling
temperatures were present led to the use of a column filled with
dinonyl phthalate on Chromosorb at 150°, but none was de-
tected. The benzene used for chromatographic experiments
was very pure and practically free from cyclohexane. DCN was
prepared from DCland dry KCN in D;O.

Results and Discussion

A comparison of the infrared spectra of the reaction
products in solution with those of independently pre-
pared compounds shows that the addition of HCN to a
solution of Ni(dpb), in benzene initially leads to the for-
mation of (NiCN(dpb); 5]:® (ven = 2100 cm ) followed
by the production of [Ni(CN):(dpb)ly’ (vox = 2115
em™!). The infrared spectrum of a benzene reacting
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Figure 1.—Ir spectrum of a benzene solution containing Ni-
(dpb)z (5 X 1072 M) and HCN (3 X 10~t M); cell path 0.45 mm.
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solution after a few minutes at 20° is shown in Figure 1.
In the region 2000-2200 cm ™! three bands appear, ¢.e.,
2100, 2085 (vonx of free HCN), and 2065 cm~'. The
clear reddish yellow solution soon deposits yellow crys-
tals and the ir bands at 2100 and 2065 cm™! lose in-
tensity while a weak shoulder appears at 2115 em™.
The color of the solution gradually becomes darker and
the yellow solid can be identified as [Ni(CN)(dpb) Jz.
The band at 2065 cm™! does not arise from an Ni-H
stretching mode since the reaction with DCN only
moves the absorption to 1830 ecm™! (ron of DCN is
1910 em™!), and this band was attributed to coordi-
nated HCN. However, the possibility that small quan-
tities of hydrido species are present as intermediates
cannot be ruled out. Attempts have been made to fol-
low the reaction in an nmr tube in Ce¢Ds, birt the reac-
tion products are insufficiently soluble and no reliable
information could be obtained.

When the reaction was carried out in ethyl ether, the
reaction products were practically insoluble and after
30 min at 20° only [NiCN(dpb); 5]» mixed with dpb was
isolated; that is oxidation had only occurred as far as
the Ni(I) species. However, after 30 min in benzene,
a noticeable amount of Ni(II) complex was present.
Little amounts of cyclohexane (recovery of hydrogen
calculated for the oxidation to Ni(I) is ca. 5%) were de-
tected in some experiments; however the reproduci-
bility of this finding was rather scarce. In all experi-
ments carried out other low-boiling hydrogenation
products of benzene were absent. No H; was detected
4s a reaction product in benzene, only trace amounts
were detected in ether, and no trace at all was found in
dichloroethane, which was also employed as a solvent.
The destiny of the HCN hydrogen atom remains there-
fore uncertain in the investigated reaction.

Our interpretation of the data available is that the
initial reaction of HCN with Ni(dpb). goes via a very
reactive hydride intermediate to [NiCN(dpb)isle
(ven 2100 cm~). An adduct of the type NiCN-
(dpb); 5 - HCN? is then formed between HCN and the

(8) Examples of coordination of HCN to metal atoms can be found in the
following references: (a) M. F. A. Dove and J. G. Hallet, J. Chem. Soc.,
1204 (1969); (b) J. F. Guttemberger, Chem. Ber., 101, 403 (1868); (©)
K. Kawaj and I. Kanesaka, Spectrochim. Acta, Part A, 3B, 1265 (1865).
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Ni(I) complex (vey 2065 and 2100 cm ) followed by the
slow formation of the final products, [Ni(CN):(dpb)],
(vew 2115 em~!) and Ni(CN)s(dpb)z (vex 2100 em~—1).7
The formation of small amounts of the pentacoordi-
nated species of Ni(II) which displays the vox band at
2100 ecm ™! does not complicate the assignment of the
strong band at 2100 cm ™ to Ni(I) species, because the
intensity of this band was very high, whereas the Ni(II)
complex is sparingly soluble in benzene even in- the
presence of an excess of HCN. Moreover it is reason-
able to suppose that both [NiCN(dpb); ], and NiCN-
(dpb);.s - HCN display a 2100-cm ! yon band, as experi-
ments performed on some Ni(II) complexes, for exam-
ple on Ni(CN):(P(CsHy)s)s,® show that quite similar
adducts are formed and the oy due to the CN co-
ordinated directly to the metal is unaffected by the co-
ordination of HCN.

The reaction between Ni(dpb), and HCN was also
followed in dichloroethane, and the ir pattern was
similar to that observed in benzene, but the relatively
good solubility of the pentacoordinated Ni(II) species
complicated the assignment of the band at 2100 cm L.

Absorption spectra in the visible region were also
taken during the reaction in dichloroethane and are con-
sistent with the interpretation of the infrared spectrum.
A few minutes after Ni(dpb), had been added toan HCN
solution at 20°, the visible spectrum (Figure 2) closely

K
\
Y
\
LY
\
1
\

1.0F

ABSORBANCE

L | | T
350 400 450 500 550
—= A (mu)

Figure 2.—Visible spectra of reaction solutions: —
[Ni(dpb)] = 4.8 X 10~¢ M, [HCN] = 6.2 X 1072 M; —omre-
bj =rmem ‘==, b after addition of dpb (ca. 1.2 X 1072 M); -~ wn-- X
[INiCN(dpb)15]s] = 4.8 X 107¢ M, [HCN] = 6.2 X 10~ M.
Cell path 0.5 cm.
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resembied that of a solution containing [NiCN (dpb)i.s}
at the same initial concentration of Ni(dpb), in the
presence of the identical concentration of HCN. The
final products were found to correspond to a mixture of
[Ni(CN)s(dpb)]: and the pentacoordinated species,
which are known to exist in equilibrium.” Spectro-
photometric determination of the total amount of

(9) B. Corain, to be submitted for publication.
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Ni(II) complexes showed that 959, of the Ni(0) com-
plex has been oxidized to Ni(II) species.

The reactions of the Ni(I) complex [Ni(CN)(dpb);.sl:
with HCN in C,HCl; and benzene were also investi-
gated. The ir patterns in solution were found to be
identical with those observed with Ni(dpb),;, confirm-
ing thus that the Ni(I) complex is an intermediate in
the oxidation of Ni(dpb),.

It would seem that the oxidative addition of HCN to
Ni(dpb). is rather peculiar in that no hydride species
are discernible, no hydrogen is evolved, and two separ-
ated formal oxidation state changes of 1+ are observed.
It may well be that very reactive hydrides such as
Ni(CN)(dpb)H or Ni(dpb).H* 2 are present in rela-
tively low concentration.
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Mercury(II) Cyanonitrate
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Infinite linear chains ~-M-CN-M-CN-M-, with dis-
ordered cyanide groups, occur in crystalline AuCN,!
AgCN,?2 and AgCN:2AgNO;;® chains of the type
~Ag-NC-Hg-CN-Ag- occur in Hg(CN),-AgNO;-
H,0.¢ The structure of Hg(CN)(NO;), reported here,
was examined to see whether similar infinite linear
chains ~Hg-CN-Hg-CN-Hg— were present.

Experimental Section

Upon evaporation of a solution made up from a concentrated
solution of Hg(CN); and an equal volume of concentrated HNOs,
a mass of tetragonal and hexagonal prisms formed. The crystals
were separated by hand under a microscope. A precession photo-
graph of one of the tetragonal crystals was identical with a
similar photograph from a known sample of Hg(CN),.

The infrared spectrum of the hexagonal crystals shows a C-N
stretching band at 2245 cm™!, indicative of a bridging cyanide
group,’® and characteristic nitrate bands. Only one report of
the compound Hg(CN),- Hg(NO;). mentions a hexagonal form.
In 1839 Johnston® described the residue after evaporation of a
dilute HNO; solution of (HgCN),O as ‘‘quadrangular prisms,
hexagonal plates, and pearly scales.”” He did not appear to
realize that this wasa mixture, not a pure compound.

The cell dimensions of the hexagonal crystals, estimated from
film data, were determined accurately by least-squares calcula-
tions from the # angle values of 17 peaks scanned with a diffrac-
tometer using Mo K radiation (A 0.7107 A). The dimensions
are g = 5.422 (1) A and ¢ = 5.252 (2) A. The density from
flotation in thallous formate-thallous malonate solution, 3.60 (2)
g/cm3, agrees with the density of 3.585 (2) g/cm?® calculated
assuming one unit of Hg(CN)}(NO;) per cell.

Precession and oscillation photographs showed no systematic
extinctions and no doubling of the ¢ dimension. The film data
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