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by fractional condensation after the small amount of BrCl present
was thermally decomposed at reduced pressure. Recovered Brg
(1.30 mmol), Cl, (1.32 mmol), and O, (5.14 mmol) gave an ob-
served mole ratio of 1.00:1.02:3.95 (theory 1:1:4). Anal.
Caled for BrClOy: Br, 44.55; Cl, 19.76; O, 35.68. Found:
Br, 44.8; Cl, 20.0; O, 35.1.

Bromine Perchlorate Reactions.—The reaction of BrOClO;
and AgCl was examined only qualitatively. Thus, samples of
BrOClO; were allowed to stand in infrared cells with AgCl
windows for several hours. Bands due to BrOClO; gradually
disappeared and those of the ClO,~ ionf grew and were accom-
panied by the bands of ClO; which was formed in minor amounts.
In addition, Br,, Cl,, and small quantities of gases not condens-
able at —196° were generated.

A sample of BrOCIO; (2.2 mmol) contained in a 30-ml cylinder
was allowed to react with HBr (3.21 mmol) for 1 hr at —78°.
Vacuum fractionation of the volatile products at —30, —78, and
—196° gave unreacted HBr (1.02 mmol), identified by its infra-
red spectrum, and Brz (2.18 mmol), identified by its vapor pres-
sure. The least volatile fraction was a nearly colorless liquid of
low volatility, identified as HClO; by its infrared spectrims?
and vapor pressure.” No unreacted BrOClO; was observed.
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Whereas the most common examples of five-coor-
dination are found among Ni(II) complexes, increasing
reports of five-coordinate Co(II) have appeared so that
examples of the latter metal are nearly as numerous
as the former.! Perhaps the most important five-
coordinate d” complex in homogeneous catalysis is Co-
(CN);*~, which functions somewhat like a free radical
in promoting certain organic reactions.? Most low-
spin five-coordinate Co(II) complexes have been found
with soft donor ligands,! particularly, phosphorus,3—1
arsenic,!! unsymmetrical bidentates containing phos-
phorus—sulfur, phosphorus-selenium, and phosphorus—
arsenic,'? and isonitriles.’® Recently, some low-spin
five-coordinate Co(II) complexes containing a tetra-
dentate of nitrogen donors were reported.i4

(1) See L. Sacconi, J. Chem. Soc. A, 248 (1970), for a comparison of five-
coordinate Ni(II) and Co(II) complexes.

(2) J. Kwiatek and J. L. Seyler, Advan. Chem. Ser., No. T0, 207 (1968).

(8) J. A. Bertrand and D, L. Plymale, Inorg. Chem., B, 879 (1966).

(4) K. Issleib and E. Wenschuh, Z. Anorg. Allg. Chem., 8308, 15 (1960).

(8) J. W. Collier and F. G. Mann, J. Chem, Soc., 1815 (1964).

(6) A.SaccoandF. Gorieri, Gazz. Chim. Ital., 98, 687 (1963).

(7) M. J. Norgett, J. H. M. Thornley, and L. M, Venanzi, Coord. Chem.
Rev., 2, 99 (1967).

(8) P.Rigo, M. Bressan, and A, Turco, Inorg. Chem., T, 1460 (1968).

(9) D. W. Allen, I. T. Millar, and F. G, Mann, J. Chem. Soc. A, 1101
(1969).

(10) R. Davisand J. E. Fergusson, Inorg. Chim. Acta, 4, 23 (1970).

(11) G. A. Barclay and R. S. Nyholm, Chem. Ind. (London), 378 (1953).

(12) G. Dyer and D. W. Meek, J. Amer. Chem. Soc., 88, 3983 (1967).

(13) A. Sacco and M. Freni, Gazz. Chim, 1ial., 89, 1800 (1959).

(14) K. M. Long and D. H. Busch, Inorg. Chem., 9, 505 (1970),

NoTEs

This paper reports the synthesis and properties of
some (CeH;);Y (Y = P, As, Sb, Bi) adducts of bis-
(dithioacetylacetonato)cobalt(II), Co(sacsac)s; these
compounds are of interest as potential catalysts, studies
on which are currently in progress.

Experimental Section

Starting Materials.—Benzene, methylene chloride, and metha-
nol were dried with 4A molecular sieves and deoxygenated by
purging with nitrogen gas. The triphenyl-group V ligands were
purchased from Eastman Organic Chemicals and used as re-
ceived. Co(sacsac), was prepared according to methods de-
scribed in the literature.!s

Preparation of the Complexes.—Triphenylphosphine, -arsine,
-stibine, and -bismuthine adducts of Co(sacsac), were prepared
by mixing equimolar amounts of Co(sacsac), and the appropriate
ligand in dry, deoxygenated benzene and stirring for 72 hr at
room temperature in an inert atmosphere. The crude product
was obtained after the solvent was removed by gentle suction at
30-35°. The product was obtained pure after recrystallization
from benzene-pentane or methylene chloride-pentane and drying
under high vacuum. Table I gives the elemental analyses of the
complexes prepared.

Physical Studies.—The magnetic moments of the complexes
were obtained after their susceptibilities were measured by the
nmr technique described by Evans, using CH,Cl, solutions con-
taining ~109, v/v of TMS8. The temperature of the probe area
was calibrated by means of a methanol standard.

Ligand field spectra were recorded on a Perkin-Elmer Model
450 recording spectrophometer in CH.Cl; solution. Electronic
spectra were also recorded as Nujol mulls on Whatman No. 1
filter paper according to the method described by Lee, et al.V
Mull spectra were also recorded on [Co(AP)X]ClO42 (AP =
diphenyl(o-diphenylarsinophenyl)phosphine; X = Cl, Br, I) for
comparison,

Results and Discussion

All the five-coordinate complexes, like Co(sacsac)s,
are very dark red (nearly black) solids and dissolve in
a wide range of organic solvents to give intensly dark
solutions. They are very stable thermally; there is no
apparent melting or decomposition when the com-
pounds are heated up to 300°.

The solution optical spectra and magnetic moments
are shown in Table II; the mull spectra of the com-
pounds prepared in this work, along with those of Dyer
and Meek,!? are shown in Table III.

There is ample evidence for five-coordination. Be-
sides elemental analyses and molecular weight data,
the optical spectra of the adducts, while similar to each
other, are somewhat different from that reported for
Co(sacsac)y®® and also obtained under our conditions
and shown in Table II for comparison. In addition,
the magnetic moments of the Co(sacsac),L complexes
are different from the values reported for Co(sacsac),:
2.3 BM from a bulk susceptibility measurement!®
and 2.1 BM?!® from the nmr technique, used in this
paper. The magnetic moments range from 2.0 to
2.6 BM, which are intermediate in the range between
those of low-spin octahedral (1.8-2.0 BM) and square-
planar (2.3-2.9 BM) Co(II) complexes. Intermediate
values would be expected for five-coordination.!®
Furthermore, whereas quaternization of phosphorus
begins immediately upon addition of a solution of CHil
to one of P(C;H;);, when CH,l is added to a solution of
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TaBLE 1
ELEMENTAL ANALYSES AND MOLECULAR WEIGHTS OF THE COMPOUNDS
— % caled: % found® Mol wt
Compound [¢] H s & H ] Caled Found?®
Co(sacsac)sP(CeHy)s 57.62 5.00 21.98 57.81 5.02 21.88 583 597
Co(sacsac):As(CsHp)s 53.59 4.66 20.44 53.67 4.76 20.16 620 618
Co(sacsac)2Sb(CsHs)s 49.90 4.34 19.06 49.86 4.40 18.87 675 655
Co(sacsac):Bi(CeHs)s 44.15 3.83 16.84 44 .35 3.81 17.00 762 696
e Analyses performed by Galbraith Laboratories, Inc., Knoxville, Tenn. ® Cryoscopic in benzene.
TaBLE 11
SoLuTtioN OPTICAL SPECTRA AND MAGNETIC MOMENTS OF Co(sacsac).l.
pomi— e P (CsHs) & — As(CoHs)s — Sb (CeHs)s Bi(CeHs)s Co(sacsac) ~ -
g € ¥ € v ] v ] v €
6,800 17 6,750 18.3 6,800 25 6,900 21 5,240 <10
8,300 sh 8,000 sh 8,200 sh 6,750 22
11,000 23.5 11,000 25 11,100 27 11,100 29.5 10,000 31
15,200 sh 525 14,900 sh 270 15,200 sh 526 15,200 sh 490 14,900 sh 350
17,700 4,330 17,800 2,360 17,900 4,120 17,800 4,620 17,500 4,070
21,800 3,790 21,850 3,680 21,900 3,540 21,900 3,980 21,650 3,240
23,900 sh 4,100 23,900 sh 4,380 23,900 sh 3,650 23,800 sh 4,130 (24,000 sh 5,000
28,500 14,500 27,800 13,300 27,800 12,900 27,500 13,700 28,000 sh 14,500
29,500 15,000
sets, BM 2.60 2.30 2,23 2.01
2 Inem™! Bandsin the near-ir and visible regions, °® Inl, mol=lem™!.
TasLE III
SoLID-STATE OPTICAL SPECTRA (cM™!) oF Co(sacsac);l. AND [Co(AP),X]ClO,
[Co(AP):Cl]- [Co(AP):Brl- [Co(AP)JI]- Co(sacsac)s- Co(sacsac)z- Co(sacsac)s- Co(sacsac)s-
Cl10,s Cl04 Cl10s P(CsHs)s As(CeHs)s Sb(CesHs)s Bi(CsHs)s
6,900 6,800 6,750 6,800 6,850 6,900 6,850
8,300 sh 8,300 sh 8,350 sh 8,350 sh
11,000 11,000 11,000 11,000 11,100 11,100 11,100
12,500 /12,400 sh /12,000 sh /15,200 sh /15,000 sh /15,000 sh /14,500
114,000 115,700 117,800 117,500 117,500 117,450
21,900 21,600 20,750 21,650 21,900 21,900 21,850
22,820 23,800 sh 23,900 sh 23,600 23,600
28,500 28,200 28,600 28,500 sh

Co(sacsac):P(C¢Hs)s, only a very slow quaternization
takes place, and this is evident only after several min-
utes of standing at room temperature. The above
data clearly show that the group V ligand is coordinated
to cobalt.

The evidence at hand favors the square-pyramidal
structure rather than the trigonal-bipyramidal arrange-
ment, mostly on the basis of electronic spectra. The
optical spectra of Co(sacsac)sL, although shifted some-
what, are very similar to those of Co(AP),X+, both in
solution and in the solid state. Arguments advanced
by Dyer and Meek!* for the interpretation of the optical
spectra of Co(AP),X+ in terms of a square-pyramidal
arrangement also apply here for Co(sacsac).l. On
the other hand, electronic spectra of some known trig-
onal-bipyramidal molecules show spectra which are
sitnilar to each other (compare, e.g., Co(QP)X+" with
Co(CR)X+14) but are significantly different from the
spectra of Co(sacsac):L and Co(AP), X+,

The similarity in electronic spectra taken in solution
and in the solid state indicates that Co(sacsac);L, as
well as Co(AP).X*, does not alter its structure upon
dissolution. This also means that these compounds
might possess only limited catalytic activity.
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The divalent tantalum bromide cluster ion TagBr?+
has been shown to be chemically oxidizable to the tri-
and quadrivalent ions TasBryp3* and TagBrp*t in aque-
ous solutions.>® HEstimated values of the redox poten-
tials for these two reactions

TaeBrie?t 4+ e~ = TagBrip?t E;° 1
TagBri*t + e~ = TagBr**+ E»° (2)

suggested a relatively large calculated value of K., for
the reproportionation reaction

ke
TasBr122 + + Taanz‘ + k: 2’1‘84131:‘128 + (3)
b
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