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ful.”1*  Positive results have been obtained with the

The flexible, aliphatic, diphosphine ligand (CH3):PCH;-
CH,CH.P(CH3),, dmp, forms the five-coordinate com-
plexes [M(dmp):X]1* (M = Ni, X = Cl, Br, I, NCS;
M = Co, X = Cl, Br, I), as well as the four-coordinate,
planar Ni(dmp)X, and six-coordinate trans—[ Co(dmp),-
X1+ complexes. In the case of nickel cyanide, the
only isolatable five-coordinate compound correspond-
ed to the dinuclear Nis(dmp);(CN)4, which contains a
bridging diphosphine ligand. All of the complexes
were characterized by elemental analyses and by con-
ductance, magnetism, infrared, and electronic spectral
measurements. In the five-coordinate nickel series
[Ni(dmp);X1*, the bromide and iodide complexes ap-
pear to possess trigonal-bipyramidal structures, whe-
reas the analogous chloride and thiocyanate complexes
have distorted structures of approximately C, micro-
symmetry.

Introduction

A large number of five-coordinate nickel(II) com-
plexes have been characterized during the past seven
vears, especially ‘with “tripod-like” tetradentate li-
gands*’ and with bidentate ligands containing the o-
phenylene connecting linkage®® A much smaller
number of pentacoordinate nickel(1l) complexes have
been isolated with phosphine ligands containing flex-
ible, aliphatic linkages. Several attempts io prepare
five-coordinate nickel(II) complexes of (CsHs);PCH;-
CH:P(C.Hs),, dpe, have generally been unsuccess-
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diphosphines RHPCH,CH,PHR (R = CH;, C:Hs)"
and (C:Hs):PCH,CH:P(C;Hs)” and with the mixed
phosphine-thioether ligand (C;Hs)PCH;CH,SC;H;s."
In all of these three cases, the ligands contain the
—CH;CH,— linkage between the donor atoms and
the resultant complexes have been assigned square-
pyramidal complexes on the basis of electronic spectra
and an X-rav structural determination'” of [Ni(TEP)»
I]1 (TEP = 1,2-bis(diethylphosphino)ethane, (C;Hs):-
PCH,CH,P(C;Hs);). Since all ol the [llexible, tripod

ligands D[CH,CH,CH;As(CHs);]s (D = P, As, Sb)f

and P(CH;); give trigonal-bipyramidal nickel(I1) com-
plexes, we considered it probable that the short che-
late bite of the o-phenylene and the —CH;CH:~ con-
necting groups favored formation of the square-pyra-
midal complexes. In order to test this hypothesis,
we prepared the aliphatic diphosphine ligand (CH;)s-
PCH,CH,CH:P(CH;);, which contains a trimethylene
connecting linkage and small substituents on phospho-
rus. Since this diphosphine ligand should exert mi-
nimal steric and symmetry effects in the resulting com-
plexes, the coordination geometry of the five-coordi-
nate complexes should reflect the stereochemistry pre-
ferred by the metal under the electronic effects of a
P.X set of donor atoms.

This paper reports the preparation and spectral and
magnetic studies on some nickel(IT), cobalt(ll), and
cobalt(111) complexes of (CH;).PCH.CH:CH,P(CH:)..

Experimental Section

All synthetic procedures and manipulations of the
complexes were performed under a dry nitrogen at-
mosphere.
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Reagents. Tetramethyldiphosphine disulfide (Org-
met, Inc.), tributylphosphine (Carlisle Chemical
Works, Inc.), and 1,3-dichloropropane (Eastman Or-
ganic Chemicals) were used without further purifica-
tion. Treatment of NiCO: with HBF, gave [Ni-
(H20):1(BF,),, which was recrystallized from ethanol.
Similarly, NiCOs; and HI gave [Ni(HO)]l,. All
other solvents and reagents were of the finest grade
obtainable commercially.

Preparation of 1,3-Bis(dimethylphosphino)propane,
(dmp). Both sulfur atoms of tetramethyldiphosphine
disulfide were removed by hot tributylphosphine to
give tetramethyldiphosphine (73%), b.p. 61-63°/55
torr.”® Addition of the tetramethyldiphosphine to two
equivalents of sodium in liquid ammonia gave (CHj);-
PNaj; the red color of this solution was slowly dischar-
ged as 1,3-dichloropropane (Y mole ratio) was added
dropwise. The bis-phosphine (CH;),PCH,CH,CH,P-
(CHs), was isolated as a colorless, foul-smelling liquid,
b.p. 62-3°/4 torr (80%).

Treatment of the bis-phosphine with two equiva-
lents of sulfur in benzene produced the disulfide of
the ligand in essentially quantitative yield. The latter
was recrystallized from dichloromethane, m.p. 226-
227.5°,

Anal. Calcd for C7H13PzSz: C, 36.83; H, 7.95; S,
28.09. Found: C, 36.25; H, 8.01; S, 28.74.

Preparation of the Four-Coordinate Complexes Ni-
(dmp)Xs; X = I, Br, Cl, NCS. The appropriate Ni-
(H20):X; salt dissolved in ethanol was added dropwise
to a solution of dmp in butanol. The thiocyanate
complex precipitated from the reaction solution as
soon as the molar ratio Ni/dmp reached 1/1. The
halide complexes precipitated as the reaction solu-
tions were concentrated on a hotplate under a stream
of nitrogen gas.

Preparation of [Ni(dmp),](ClO),. This complex
precipitated immediately as an ethanol solution of Ni-
(H;0)(Cl0.), was added dropwise to dmp in cold
butanol.

Preparation. of the Five-Coordinate Complexes of
[Ni(dmp),X]Y; X = I, Br, Y = BF; X = NCS,
Y = PF; X = CI, Y = B(CHs)s. In general, an
ethanolic solution of “Ni(H,O0)XY” was prepared and
added dropwise to (wo equivalents of dmp in warm
butanol.

For the iodide and bromide complexes, “Ni(H;O)e-
XY” was prepared from equimolar amounts of Ni-
(H:0)X: and Ni(H:0)s(BF:).. The iodide complex
precipitated immediately {rom the reaction solution
as purple microcrystals. Concertration of the bromide
reaction solution gave large red platelets which were
slightly impure as indicated by clemental analyses.
These crystals werc recrystallized from warm butanol.

The chloride and isothiocyanatc complexes prepa-
red as above with the tetrafluoroborate counter-ion
were impure as indicated by their elemental analy-
ses.

The chloride complex decomposed on attempted

(18) G. W. Parshall, J. Inorg. Nucl. Chem., (4, 291 (1960); L.
Malier, ibid., 24, 275 (19%2).
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recrystallization from ethanol; intractable solids we-
re obtained instead of the original purple microcry-
stals. The cation, [Ni(dmp).Cl]* however, was iso-
lated by adding an ethanol solution of sodium tetra-
phenylborate to an ethanol solution of “Ni(dmp);Cl.”.
The purple powder that separated immediately was
collected on a frit and briefly air dried. This solid
was dissolved in dichloromethane and the solution
was filtered to remove the precipitated NaCl. When
cthanol was added slowly to the filtrate, large, pur-
ple needles crystallized within five minutes. These
crystals were collected on a frit and briefly air dried.
Within 30 minutes, the needles had changed color
from deep purple to deep green in the solid state.
These green needles dissolved in dichloromethane to
give a purple solution, from which purple needles
can again be isolated. The color changes in solution
and in the solid state are repeatable several times
without apparent decomposition.

The original deeply colored microcrystals of the
thiocyanatc complex vyielded small red rhombohe-
drons upon recrystallization from ethanol. Elemen-
tal analyses for these crystals indicated the formulat-
ion NiAdmp)i(NCS),(BFs),. When an ethanol solu-
tion containing cquimolar amounts of Ni(NCS). and
NaPFs; was added to dmp in cold butanol, the com-
plex, [Ni(dmp),NCS]PF; precipitated immediately
as deep green microcrystals.

Preparation of Ni(dmp)(CN), and Ni(dmp);s(CN).
Equimolar amounts of dmp and anhydrous Ni(CN),
were combined in hot butaenol. The Ni(CN), dissol-
ves rapidly to give a red solution. After briefly sti-
ring this solution, the solvent was removed in vacuo
and the red residue was dissolved in dichloromethane.
The resulting solution was filtered and an equal vo-
lumn of petroleum ether (b.p. 30° —60°) was added.
On concentration of this solution under a gentle
stream of nitrogen. blocky, yellow crystals separated.
Further concentration of the filtrate led to deposition
of a red oil. Consequently, the yellow crystals, which
subsequently proved to be Ni(dmp)CN),, were collec-
ted and the solvent was removed from the red filtrate
in vacuo. The resulting red solid was dissolved in
equal volumes of dichloromethane and di-isopropyl
ether. Slow concentration of this solution under ni-
trogen initially gave a small amount of a mixture of
the yellow crystals and some red crystals; this mix-
ture was removed by filtration. When most of the
dichloromethane had cvaporated from the remaining
filtrate, red crystals began to separate. The flask
was stoppered and cooled; a large quantity of the
red crystals of Ni(dmp)is(CN), were obtained.

Preparation of[Co(dmp).X1B(CsHs):, X=CI, Br;
and Co(dmp).l,. A deep green solution developed im-
mediately when anhydrous CoX, (X=Br or Cl) was
added to an ethanol solution containing two equiva-
lents of dmp. Addition of an cthanol solution of so-
dium tetraphenylborate to the above solution produ-
ced deep green microcrystals immediately. These
crystals werc collected and recrystallized from dich-
loromethane-ethanol.

An ethanol solution of “Co(H;0);1,” was prepared
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in situ from Co(H:0)(NOs); and Nal and added
dropwise to two equivalents of dmp in warm ethanol.
A deep green solution was formed immediately and
after two minutes, a large amount of deep green cry-
stals had precipitated. These were collected on a
sintered-glass frit and briefly air dried.

Preparation of [Co(dmp).X,]1CIO; X = Cl, Br, L
Two equivalents of dmp were mixed with one equi-
valent of CoX: (X = Br or Cl) or Co(H:0)l. (see
above), and one equivalent of NaClO, in ethanol.
The resulting solution was stirred rapidly as one drop
of aqueous, concentrated HX was added; air was

exception of the cyanide complexes, which were pre-
pared by adding solid, anhydrous Ni(CN), to the li-
gand 1.3-bis(dimethylphosphino)propane, dmp, in ho
n-butanol, the nickel complexes were prepared by ad-
ding an ethanol solution of the appropriate Ni'' salt
to n-butanol solutions of dmp under a dry nitrogen
atmosphere. In the cases of the Ni(dmp)X; com-
plexes, X = halide or NCS, initial addition of the
Ni" solution to the ligand solution probably results
in the formation of a five-coordinate nickel(IT) com-
plex, e.g., [Ni(dmp),X]*. This supposition was indi-
cated by immediate formation of an intensely colored
solution which subsequently changed to the color of

then bubbled through the solution for six hours. Sol-
vent was added periodically to maintain the volume
of the solution between 50 and 70 ml. The volume
of the solution was finally reduced to ~20 ml and
the solid, which had separated, was collected on a
funnel. This precipitate was dissolved in a minimum
amount of warm dimethylformamide, and ethanol (50-
70 ml) was added. The solutions were kept at —10°
for two days, during which green (Br, Cl) or violet (I)
platelets separated.

the appropriate Ni(dmp)X; compound as the ratio Ni:
dmp approached 1:1 during the addition of the NiX;
solution. The Ni(dmp)X. complexes are diamagnetic
(Table 1) and are stable indefinitely in the solid state;
however, the compounds decompose in solution within
a few hours.

The infrared spectra of the cyanide and the thio-
cyanate complexes, both in solution and in the solid
state, show two sharp peaks in the C:=N stretching
region; in acetonitrile the two peaks of the thiocya-
nate complex occur at 2092 and 2111 cm™. The
integrated absorption intensities of these bands are
11.0X10*M~! cm™' and 9.08 X 10~*M~! ¢cm™’, respec-
tively; both values are indicative of N-bonded thio-
cyanate groups.” In dichloromethane the cyanide
compound has two sharp infrared peaks at 2112 and
2124 cm~'. These data are consistent with a cis
planar structure. The visible electronic spectra, with
a single d-d transition at 24,400 and 30,100 ¢cm™!
for the isothiocyanate and cyanide complexes, respec-

Spectral, Conductance, and Magnetic Measure-
ments. These measurements were obtained as de-
scribed previously.” Solid state electronic spectra
at 77K were obtained as Nujol mulls of the sample
immersed in liquid nitrogen in a quartz dewar.

Resuits and Discussion

Four-Coordinate Nickel(Il) Complexes. With the

Table I. Characterization and Analytical Data for the 1,3-bis(dimethylphosphino)propane Complexes.

C H Hal

Compound Color 10%%m @ An?b Calcd. Found Calcd. Found Calcd. Found

Ni(dmp);NCS]PF; ¢ Green 302 146 30.54 30.83 6.15 6.25 2.37 2.31¢8
ENi(dmp);Cl]B(CoHs)A Green 243 106 61.53 61.49 7.61 7.87 4.78 5.03
[Ni(dmp).Br]BF, Red 130 150 30.36 30.42 6.55 6.71 14.43 14.48
[ Ni(dmp).1 ]BF, Purple 177 150 27.99 27.19 6.02 6.01 21.12 21.37
Ni(dmp):.s(CN): Red 65 0.08 42.04 4135 7.62 7.77 7.85 7.67¢
Ni(dmp)(CN). Yellow 81 1.00 39.32 39.32 6.60 6.32 10.19 10.02 8
Ni(dmp)(NCS); Yellow 137 2.51 31.89 31.81 5.35 5.37 8.27 8.16 ¢
Ni(dmp)Cl. Yellow 95 0.028 4 28.62 28.55 6.17 6.18 24.14 24.38
Ni(dmp)Br: Red 108 0.224 4 21.97 21.86 4.74 4.69 41.76 41.80
Ni(dmp)I, Purple 490 — 17.64 17.70 3.81 3.69 53.24 53.44
[Ni(dmp).](CIO;). Yellow 600 1957 28.71 28.00 6.19 6.06 12.10 11.94
[ Co(dmp),C1]B(CH5), Green 1475 110 61.51 61.44 7.61 7.66 4.78 5.04
[Co(dmp),Br ]B(CH5)4 Green 1509 110 58.04 58.17 7.18 7.23 10.16 10.41
[Co(dmp).l]1 Green 1650 147 26.24 26.20 5.66 5.72 39.59 39.37

Co(dmp),Cl1,]ClO; Green 140 993" 30.16 30.08 6.51 6.57 19.08 18.88

Co(dmp),Br, | ClO, Green 147 97.6 " 26.02 26.15 5.61 5.87
[ Co(dmp),I;]ClO; Violet 145 90.3 4 22.71 22.45 4.90 5.12

aym is the corrected molar susceptibility of the compound in cgs units. The pe values calculated from these data for the
cobalt(Il) complexes at 25° are 1.88+0.01 B.M. (Cl) and 1.91+0.01 (Br), and 1.98+0.01 B.M. (1). ? Molar conductance values
obtained on freshly prepared ~10-' solutions in acetonitrile. Uni-univalent perchlorate and tetrafluoroborate salts of large
cations usually give values of 140-160 in acetonitrile. Tetraphenylborate salts exhibit markedly lower Aw valucs, owing (o the
lower specific conductance of this large anion. ¢ The abbreviation, dmp, is for the ligand, 1,3-bis-(dimethylphosphino)propa-
ne (CH;),PCH,CH:.CH,P(CH;);, of the compound. 9 Mecasured in freshly prepared 1,2-dichloroethanc solutions. The molar
conductance of ~10*M solution of tetra-n-butylammonium iodide in this solvent is 23.3 cm?’/ohm mol. ¢No rcliablc value
obtained. Freshly prepared solutions disscciate before measurements can be taken. f Conductance valuc of ~107* M solu-
tion in nitromethane. Divalent-univalent electrolytes exhibit molar conductance values of ~150-190 cm’/(ohm mol) in this sol-
vent ¢ Nitrogen analysis. " Approximately 10* M nitromethaue solution.

(20 D. W, Meek, P. E. Nicpon, and V.I. Meek, J. Am. Chem. Soc.,

(19) T. D. DuBois and D. W. Meek, frnorg. Chem., 6, 1395 (1967). 92, 5351 (1970).
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tively, also support a four-coordinate, planar geometry
in both the solid state and in solution.

The corresponding diphenylphosphino ligand, 1,3-
bis(diphenylphosphino)propane (dmp), also forms Ni-
LX, complexes.”® The latter complexes are diama-
gnetic in the solid state; however, in solution the nic-
kel halide-dpp complexes exhibit increasing parama-
gnetism in the order I>Br>Cl. The Ni(dmp)X:
complexes (X = Br and Cl), on the other hand, do
not exhibit any paramagnetic behaviour. This result
would be expected on the basis of the increased ligand
field strength of the dimethylphosphino donors as
compared to the diphenylphosphino groups.

Five-Coordinate Nickel(II) Complexes. Physical
data for the [Ni(dmp);X]* complexes are listed in
Table I. The conductivity values for the tetrafluro-
borate and hexafluorophosphate salts fall within the
range for uni-univalent electrolytes in acetonitrile;
the lower value for the tetraphenylborate salt can be
attributed to the lower specific conductance observed
for the large tetraphenylborate anion.”

Isolation of the pentacoordinate cations [Ni(dmp)-
X]* (X = halide, NCS) is facilitated by using large
poorly-coordinating anions such as BF.,~, PF¢~, and
B(CsHs)s~. In the presence of the large ions, crystal-
lization of the complexes [Ni(dmp).X][anion] from
non-aqueous solutions takes place rapidly and before
significant decomposition of the five-coordinate cations
occurs.

The geometries of these five-coordinate [Ni(dmp)z-
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ABSORBANCE
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Figure 1. Electronic spectra of the [Ni(dmp).X]* solid
complexes suspended in Nujol at ~300°K: I,——; Br,———;
Cl-----; NCS — - —-— .
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Electronic spectra of [Ni(dmp).l]BF, as a solid
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X]* cations, as deduced from electronic spectra, oc-
cur in two distinct forms. Note in Figure 1 that the
electronic spectra of the iodide and bromide com-
plexes in the region 16,000-22,000 cm™' resemble
each other closely, but that they differ significantly
from thc spectra of the chloride and thiocyanate.
(The latter two complexes have similar spectral pro-
files.) The spectra of the iodide and bromide com-
plexes, both in solution and in the solid state, (Figure
2) compare favorably with those of known trigonal-
bipyramidal diamagnetic nickel(I11) complexes.** The
spectra of the cations [Ni(dmp)X]* (X = NCS and
C!), on the other hand, have two strong absorptions
in the 14,000-24,000 cm~' region and most closely
resemble those of nickel(I1) complexes that are
known to have distorted square pyramidal structures’?
The spectral similarity is illustrated in Figure 3; note
also that the maxima for the [Ni(dmp)Cl1B(CsHs)s
complex are shifted to lower energy as compared to
those of [Ni(TEP).1]B(C¢Hs)s (TEP = (C;H;).PCH.:-
CH,P(C;Hs),). The spectral shift results from the
lower ligand field strength of the six-member chelate
ring as compared to the five-member ring.

WAVELENGTH [nM]
400 500 600 700
T T 1

T L T 1 T
[Nitamp),C]BIGH)s ]

ABSORBANCE

N T W ) 1

000 S N R W S |
29 27 25 23 2 1 17
WAVENUMBERS x 10-3 [kK]

Figure 3. Electronic spectra of the solid five-coordinate
[Ni(TEP).1 1B(C.Hs), and [Ni(dmp),Cl]B(CHs);-----
complexes suspended in Nujol at 77°K. The absorbance
scale is arbitrary.

The geometry of the inner coordination sphere of
the distorted [ Ni(bidentate):X]* complexes would have
Cs microsymmetry. As a twisting distortion from
either idealized five-coordinate structure (i.e. a trigo-
nal bipyramid or a square pyramid) would produce
a C, microsymmetry, it is a moot point to label the
structures of the chloride and thiocyanate complexes
as being either a distorted trigonal bipyramid or a
distorted square pyramid. In any case, the electronic
spectra fit an intermediate structure of C. micro-
symmetry better than a coordination geometry ap-
proximating either Cs or Dy, microsymmetry.

A red crystalline complex is isolated when equi-
molar amounts of anhydrous Ni(CN); and dmp are
mixed in n-butanol, in addition to the yellow planar

(22) 1. C. Cloyd, Ir. and D. W. Meek, submitted for publication;

G. ]. Palenik, personal communication? concerning the structures
of [NI(TEP),I]I and [Ni(dap)}(CN),] (TEP=(CH,),PCH,CH,P(C,H,),
and dap=CH/P{CH,CH,CH,As(CH,),],. Both complexes have so-
mewhat distorted squarc pyramidal structures of C, symmetry and

give clectronic absorption bands in the visible region very similar to
those shown in Tigurc t for the thiocynate and chloride complexes
of (CH,),PCH,CH,CH,P(CH,),. For cxample, note the contours in the

spectrum of [Ni(dap}(CN),] given in Figure 4.
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compound Ni(dmp)(CN);. The elemental analyses
indicate 1.5 diphosphine ligands per nickel dicyanide
(Table I). The complex is a non-conductor in aceto-
nitrile, and a molecular weight measurement in ben-
zene gave a value of 805 (theory for the dimer =
714). The complex is diamagnetic and its electronic
spectrum (illustrated in Figure 4) is very similar to
that of Ni(dap)(CN),, were dap = C¢HsP[CH,CH,
CH,As(CHs);].. The latter complex has a square-
pyramidal structure, proven by a X-ray structure de-
termination, with one cyanide in the basal plane and
one apical cyanide? Thus, the electronic spectrum
of Nix(dmp)s(CN); strongly indicates a five-coordinate
structure approximating a square pyramid.

WAVELENGTH CnM]
3q0 L1e] 5q0 600

N
Ll
¢

e A\‘\[Ni(dmp{ Jem]

/
//‘/ \

N
?

[Mitdapien), ] J

ABSORBANCE x 10™2
9

\ ——
[Ni(amp)CN)e] N

2
q . ®

~
2.0 —— p—— >
" 32 30 28 2 24 22 _20 18 16
WAVENUMBERS x 10~3 [kk]
Figure 4. Electronic spectra of Ni(dmp)(CN), and

Ni(dmp),.s(CN); — — — — in dichloromethane solution and
of solid Ni(dap)(CN); at 77°K — - — - — - — .

Ni(dap)(CN),- H0

Nildmp), 4(CN),

e T

S T T A1 a1
2120 2100 2080 2120 2100 2080

Figure 5. C==N stretching region of the infrared spectra of
the Ni(dap)(CN);- H:O and Ni(dmp),.s(CN), complexes in
dichloromethane.

The infrared spectrum of Niy(dmp);(CN), is useful
in determining which of the ligand groups forms a
bridge between the two nickel atoms. The spectrum
(Nujol mull) exhibits a sharp, intense band at 2090
cm~! and a weak spike at 2100 cm™'. 1In the dich-
loromethane solution, these absorptions occur at 2100
cm~! and 2115 cm~! respectively. Figure 5 shows
that the C=N stretching region of Ni(dap)(CN), and
Nix(dmp)s(CN), differ significantly. Thus, the infra-
red spectrum tends to exclude a square-pyramidal
structure similar to that of Ni(dap)(CN),, where both
cyanides are terminal and where the apical cyanide
has a significantly longer Ni—C bond distance (2.188
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(11) A vs. 1.860 (11) A) than does the cyanide in the
basal plane.” Also, a bridging cyanide can be exclu-
ded on the basis that its C=N stretching frequency
should be shifted ~30-40 cm™' to higher values.
Since the electronic spectra indicate a square-pyramid
and the infrared spectra indicate the absence of both
apical and bridging cyanides, we propose that one
of the diphosphine ligands functions as the bridge.
The square-pyramidal structure represented in Figure
6, and proposed tentatively, would have approxima-
tely Cs microsymmetry and would be consistent with
the experimental electronic and infrared spectra, if
one assumes that the nickel atom is close to the basal
plane of the Po(CN), set of donor atoms. If this is
true, the symmetric stretch of the Ni(CN), unit would
be weak, consistent with the the observed spectrum.
The same type of structure, as represented in Figure
6, has been proposed for Ni(dpp)s(CN); and Co-
(dpp)1s(CN);, where dpp = bis(diphenylphosphino)-
propane.”

M.\S"" px\
/ \/M. M\o "

Figure 6. A proposed structure for the dimeric Ni(dmp),.s-
(CN): compound.
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Figure 7. Electronic spectra of the [Co(dmp),X](BCoH,)‘
complexes in dichloromethane: X=Cl ( ), X—Br
(———).

Five-Coordinate Cobalt(1I) Complexes. When two

equivalents of the ligand dmp and one equivalent of
CoX; are mixed in ethanol under dry nitrogen, the
solution becomes dark green immediately. In the
case of the iodide, dark green crystals of [Co(dmp),1]]
precipitate from a concentrated solution. The cor-
responding dichloride and dibromide complexes are
more soluble; thus the [Ni(dmp):X]* cations (X =
Cl, Br) were isolated as the tetraphenylborate salts.
On standing a few hours under nitrogen, dichloro-
methane solutions of the complexes are slowly con-
verted to the Co'™ complexes, as indicated by chan-
ges in the electronic spectra of the solutions.

(23) G. . Palenik, personal communication (1970).

{(24) J. Reedijk, A. P. Zuur, and W. L. Groneveld, Rec. Trav.
Chim., 86, 1127 (1967), and references cited therein.

(25) P. Rigo, B. Corain, and A. Turco, Inorg. Chem., 7, 1623
(1968); P. Rigo, M. Bressan, and A. Turco, ibid., 7, 1460 (1968).
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Table Il. Electronic Spectra of Four-coordinate Nickel(11)-dmp Complexes.
Solution (CH:Cl), Solid State, cm™!
Complex em™' (Emax) ~300°K 77K
Ni(dmp)Cl, 22,000 (705) 21,900 22,450
34,500 (5,200)
38,000 (16,400)
43,500 (17.200)
Ni(dmp)Br, 21,050 (720) 20,600 21,270
27,200 (940)
33,000 (5,300)
36,000 (10,400)
40,800 (19,600)
Ni(dmp)I, — 19,600B ¥ 20,000 B »
Ni(dmp)(NCS). 24,400 (1,470) ¢ —d —d
36,350 (14,100)
43,600 (32,600)
Ni(dpm)(CN), 30,100 S? (649) —d —
32,900 S?¥ (3,330)
34,700 (4,100)
Ni(dmp):(ClO.), 22,270 (660) ¢ 22,100 22,750
aDccomposes. ¥ B, broad; S, shoulder. ¢ Acctonitrilc solution. 4 Not measured. ¢ Nitromethane sclution.
Table M. Electronic Spectra of Pentacoordinatc Nickel(11)-dmp Complexes.
Solution, CH:Cl. Solid State, cm™'
Complex cm™' (Emax) ~300°K 77°K
[ Ni(dmp).l ]BF, 19,800 (2,510) 19,300 - 20,000
29,400 (1,240) 30,800 Sa 24,100 S
38,450 (22,000) 30,800
[ Ni(dmp).Br]BF, 20,400 (1,740) 19,500 20,000
30,800 (2,650) 32,3008 25,000
39,200 (22,200) 32,100
[Ni(dmp).Cl1}B(CsHs), 16,700 S (610) 16,700 17,500
20,800 (1,375) 21,400 21,75
31,400 (6,150) 30,800 27,800 S
34,500 S (6,600) 30,300
[Ni(dmp),NCS]PF, 17,600 (647) 16,800 16,950
22,450 (1,270) 25,000 S 23,800
29,800 (3,290) 30,300 27,000
37,750 (22,400) 30,300
[Ni(dmp);.«(CN).]. 22,350 (949) v —c —
28,200 (2,230)
2B, broad; S, shou]der.. ? gnax calculated on the basis of the dimeric formula. ¢ Not measured.
Table IV. Electronic Spectra of Pentacoordinate Cobalt(II)-dmp Complexes.
Solution, CH,Cl,, Solid State, cm™!
cm™' (Ema) ~ 300°K 77°K
[ Co(dmp):CI1]B(C,Hy), 7,530 (69) 7,700 7,800
14,300 S« (316) 11,900 S« 12,700 S @
16,400 (419) 16,100 B« 14,200
24,800 (1120) 24,800 16,100
31,800 (7610) 31,000 25,000
[ Co(dmp).Br]B(CsH:) 7,250 (69) 7,600 7,700
14,100 S (312) 11,900 S 12,500 S«
16,100 (453) 15,000 B 14,000
24,300 (1620) 23,900 16,000
31,200 (6310) 29,850 24,600
[Co(dmp).1]1 6,400 (42)? 6,700 6,700 B
13,500 S (166) 13,500 13,400
16,000 (330) 16,400 16,250
23,800 (1020) 23,700 23,850

B, broad; S, shoulder. ¢ In acetonitrile solution.

Cloyd, Jr., Meek | Five-Coordinate Cobalt(11)
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The conductivity data for the [Co(dmp).X]* com-
plexes (Table I) are consistent with uni-univalent
electrolytes, indicating the presence of the pent-
acoordinate [Co(dmp):X]* cation in solution. The
magnetic moments (Table I) indicate one unpaired
electron, and are similar to those of other pentacoor-
dinate, low-spin Co" complexes.® The electronic
spectra are given in Table IV, and are best inter-
preted in terms of a square pyramidal structure with
an apical halide. In fact, the relative positions and
intensities of the absorption bands (Figure 7) are re-
markably similar to those of the square-pyramidal ca-
tion [Co(diphos).Cl]* (diphos = (CsHs);PCH:CH:P-
(Ce¢Hs),, whose structure has been determined recent-
ly by X-ray crystallography.” Thus, the electronic
transitions observed for the [Co(dmp).X]* series may
be assigned on the basis of a Cs energy level diagram
for Co'"®

Six-Coordinate Cobalt(11I) Complexes. The Co™
complexes [Co(dmp),X;]ClOs (X = Cl, Br, I) are
readily prepared by air oxidation of acidic (HX) etha-

(26) G. Dyer and D. W. Meek, J. Am., Chem. Soc., 89, 3963 (1967).
2 (2;)21). Stalick, P. W. Corfield, and D. W. Meek, ibid., 94, (Aug.
3, 1972).
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Table V. Electronic Spectral and Conductance Data on the
trans-[ Co(dmp),X,;]C1O, Complexes.

Awn
X Emsx, €M™ (Emax) cm?/ohm mole
I 16,700 (154) 99.3
26,500 (5560)
Cl 15,900 (128) 97.6
24,100 (2910)
Br 14,800 (100) 90.3

17,600 (4565)

nol solutions of the Co" complexes. The complexes
are diamagnetic and uni-univalent electrolytes in ni-
tromethane. Their electronic spectra exhibit two
d—-d transitions which are assigned to the 'A,—'E,
and 'A;—>'A;, transitions of a trans-octahedral com-
plex, i.e. D4 microsymmetry. The electronic spectra
(Table V) produce the usual spectrochemical series,
i.e. 1<Br<Cl, and the reduction of the Racah para-
meter B follows the nephelauxetic series.

Acknowledgment. The authors are grateful for the
financial support, of the National Science Foundation.



