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Abstract

Reactions of the tertiary phosphines PMe,;, PEt;, PMe,Ph, PMePh, and PPh,; with Co(NO,), are
described. For PMe, and PMe,Ph, five-coordinate Co(NO,),(PR,); complexes (1, 2) are isolated. With
PEt,, only Co(NO)(NO,),(PEt;), (3) is obtained, whereas the Co(NO)(NO,),(PMe;), (4) and
Co(NO)(NO,),(PMe,Ph), (5) analogs result from the reaction of 1 and 2 with NO gas. From EPR
measurements, the electronic structures of 1 and 2 are found to correspond to low-spin d’ square-
pyramidal complexes in the solid state. Compounds 3, 4 and 5§ are pseudo-octahedral Co(III) species
containing three different nitrogen oxide ligands, namely NO, O-bonded NO, and N-bonded NO,.
The reactions of 1 and 2 with CO are solvent dependent: in methanol Co(NO)(CO)(PMe,), is obtained,
but in toluene a mixture of 5 and Co(NO),(NO,)(PMe,Ph) precipitates. Co(NO)(NO,),(PEt;), reacts
with O, to form the cobalt(II) complex Co(NO;),(OPEt,), shown by X-ray diffraction to be a distorted
octahedron with bidentate nitrate ligands and two OPEt, ligands in cis positions.

Introduction

Molecular cobalt(II) complexes are usually pre-
pared with chloride, bromide, iodide or thiocyanate
as anionic ligands [1-3]. Cyanide compounds, syn-
thesized to evaluate the electronic influence of a
strong-field ligand, show other interesting properties:
[Co(CN)sP~ is a hydrogenation catalyst, whereas
Co(CN),(PR3); activates molecular oxygen [4-6]. On
the other hand, sulfate, nitrate and perchlorate are
present most of the time as simple counter-ions,
although examples of metal-coordinated species are
found [7, 8: NO;~ [8a], SO,~ [8b, c], ClO,™ [84d,
el

The nitrite anion, in addition to acting as counter-
ion, can coordinate to a metal centre in a variety
of ways. Scheme 1 shows five different modes of
coordination, which have all been experimentally
illustrated [9, 10]. The first cobalt~-NO, complexes
to be synthesized were Co(III) species, some of which
showed an equilibrium between the nitro and nitrito
isomers [9]. Various other compounds have also been
reported [11], but only a few species containing
phosphine ligands are known: Co(NO)(acac),-
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Scheme 1.

(PMe,Ph), Co(NO;),(acac)(PMe;Ph); [12] and
[Co(NO,),(NH,CH,CH,PPh;),]* [13]. Surprisingly,
no four- or five-coordinated cobalt complexes of
compositions Co(NO,),(PR,),, (n=2, 3) have been
isolated so far, in spite of the fact that the nickel
analogs are well known [14] and
Ni(NO,),(PPh,CH,CH,PPh;) has been crystallo-
graphically characterized [15].

An attractive feature of the metal-coordinated
NO, group is its ability to act as an oxygen atom
transfer reagent in the metal coordination sphere**,

**Observed for NO,~ complexes with different metals:
Ni [16a-€], Pd [16f-h], Re and Mn [16i], Ru [16}-I].
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being oxidized into NO;~ or reduced into NO.
Nitro—cobalt(1I) complexes have been shown to be
particularly effective in these processes [17]. For
these reasons, during the course of our work on the
synthesis and reactivity of tertiary phosphine com-
plexes CoX(PRy)n (n=2, 3), we became interested
in investigating more thoroughly the influence of
tertiary phosphines on the stability and reactivity of
the Co(NO,), entity. We wish to describe here the
reaction of Co(NO,),, prepared in situ by reaction
of NaNO, on Co(NO;), in methanol, with PMe,,
PEt;, PMe,Ph, PMePh, and PPh;. For PMe; and
PMe,Ph, the five-coordinate compounds Co-
(N02)2(PMC3)3 (1) and CO(N02)2(PM62Ph)3 (2)
were isolated as solids. With PEt;, only
Co(NO)(NO,),(PEt;), was obtained. It reacted with
molecular oxygen to give Co(NO3),(OPEt;), (9) which
was structurally characterized. Reductive nitrosyla-
tion of these complexes was found to take place
with NO gas, whereas reductive nitrosylation or
carbonylation occurred with CO.

Experimental

Physical measurements

IR spectra were recorded as Nujol mulls on Perkin-
Elmer 577 or 983 spectrophotometers. UV-Vis spec-
tra were obtained on a Cary 14 spectrophotometer.
EPR spectra were measured on a Bruker ER 200TT
spectrometer operating at X band frequency between
100 and 300 K. Magnetic susceptibilities were de-
termined by the Faraday method, using a Cahn
microbalance coupled with a Drusch electromagnet.
Measurements were performed at 298 K.
HgCo(NCS), was used as standard (Xg=16.44 X 10~°
cgs emu). The experimental values were corrected
for the diamagnetism of the ligands.

Crystal data for Co(NO;),(OPEt;),

Formula ©C;;H;,CoN,OgP,, formula weight=
451.26, monoclinic, C2/c, a=16.795(4), b ="7.863(3),
c=15.752(6) A, B=94.07(2)°, V=20749 A3
Dc=1.444 g cm™3, Z=4, A(Cu Ka)=1.54178 A
(graphite monochromator), u(Cu Ka)=86.3 cm™?,
T=170 K.

Crystallographic measurements and structure
determination

The crystals were isolated directly from the reaction
mixture. Beside a brown solid, which was shown to
be amorphous, the sample contained some violet
crystals of the title compound. Most of the crystals
were of poor quality, but a plate of dimensions
0.08X0.36 X0.40 mm was found to be acceptable
for X-ray work.

The crystal was mounted in a Lindemann capillary
and centered on an Enraf-Nonius CAD-4 diffrac-
tometer. A set of 25 reflections (20 < 8<25°) ran-
domly distributed in the Laue sphere was generated
and the reduced cell (a=7.832(6), b=9.238(9),
c=1574(2) A, «=8595(9), B=89.85(8), y=
64.90(7)°) was obtained by the autoindexing pro-
cedure. Oscillation photographs taken along the three
axes showed the expected layer-line separations and
a Laue mirror perpendicular to the shortest axis.
The Niggli parameters indicated that the reduced
cell could be transformed into a monoclinic C-
centered cell, whose unique axis is the one for which
mirror symmetry had already been observed. Beside
the absences due to C-centering (hkl, h +k+2n), a
fast precollection revealed only one condition of
absence (h0l, I+ 2n), which identified Cc and C2/c
as the possible space groups.

A total of 1972 independent reflections was col-
lected as previously described [18] using Cu Ka
radiation. Two octants of reflections (0<h <20,
0<k<9, —19<!<19) were measured in the recip-
rocal sphere limited by 20=140°. A set of 1445
reflections with 1> 30(I) was retained for structure
determination and refinement. Seven standard re-
flections checked every hour showed random fluc-
tuations within + 1.9%. Crystal orientation was also
checked every 100 reflections. These intensities were
corrected for the effects of Lorentz, polarization and
absorption (grid 10x10x 10, transmission
range = 0.08-0.55).

The structure was solved and refined in the cen-
trosymmetric space group C2/c by using the SHELX
package [19]. This choice of the space group was
confirmed by successful refinement. As the unit cell
has an eight-fold general equipoint, but contains
only four molecules, only one half of the molecule
needs to be defined. The SHELX direct methods
revealed the position of the cobalt atom on equipoint
e (two-fold axis) and those of nearly all non-hydrogen
atoms in the asymmetric unit. Those missing were
located from a subsequent AF map. Isotropic re-
finement of all non-hydrogen atoms converged to
R=S|[F,HFJ/EIF.|=0.140 and R,=[Ew(|Fo-[F.)*/
Sw|F*}*?=0.164. The hydrogen atoms were fixed
at idealized positions with a constant isotropic tem-
perature factor U=0.073 A2 Their positions were
recalculated after each cycle. In the latest stage, the
non-hydrogen atoms were refined anisotropically. At
convergence, the residuals were R=0.082 and
R,,=0.090. In the final AF map, the highest electron
density peaks (0.70-0.85 e/A% were within 1.2 A
from Co or P. The general background was below
+0.5 e/A> The refined parameters are listed in
Table 1.



TABLE 1. Refined coordinates (x10%) and equivalent
temperature factors (X 10°)

Atom x y z Uy,
Co 0 5720(3) 2500 30
P 1104(1) 2933(3) 1555(1) 31
Oo(1) 835(3) 4060(7) 2265(3) 36
022) - 386(3) 6664(8) 1313(3) 40
0@3) —946(4) 7828(8) 2359(4) 43
0@4) —1308(4) 8591(8) 1055(4) 56
N —900(5) 7719(9) 1552(5) 41
Cc(11) 1349(6) 4172(11) 652(5) 43
Cc(12) 1910(5) 5683(12) 887(5) 45
C(13) 1957(5) 1744(11) 1941(5) 37
C(14) 2305(6) 500(11) 1334(6) 52
C(15) 347(5) 1423(11) 1187(5) 45
C(16) —399(5) 2223(13) 757(5) 47

The scattering factors used were from standard
sources [20]. Anomalous dispersion was taken into
account for Co and P [21].

Materials and methods

Solvent distillation and all other manipulations
were performed under an argon atmosphere by using
standard Schlenk techniques. Tetrahydrofurane, tol-
uene and ether were distilled over Na/benzophenone
just before use. Methylene chloride was distilled over
Na,COj and stored on 4 A molecular sieves. Methanol
and acetonitrile were distilled over molecular sieves.
All solvents were degassed by three freeze-thaw
cycles before use. Trimethylphosphine was synthe-
sized by a modification of the literature method [22].
Other tertiary phosphines (Aldrich) were checked
by NMR and purified by distillation when needed.
Co(NO,), was prepared in situ by reacting
Co(NO;),-6H,0 (0.5 g; 1.7 mmol) on NaNO, (0.24
g; 3.5 mmol) in methanol (15 ml). The solution was
stirred overnight. The orange-red solution of
Co(NO,),, obtained after elimination of NaNO; by
filtration, was used directly.

Elemental analyses were performed by the Service
Central de Microanalyse du CNRS, Lyon, France.

Synthetic work

Co(NO,)(PMes)s (1)

To a stirred solution of Co(NO,), (1.7 mmol) in
methanol (15 ml) was added PMe; in excess (5.2
mmol) at room temperature. The solution turned
green immediately. Methanol was removed in vacuo
and the crude complex recrystallized from an ethanol/
ether mixture at 0 °C overnight. The green crystals
of Co(NO,),(PMe;); were filtered and dried under
argon. Yield: 75%. Anal. Calc. for CoH,,N,OP5Co:
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C, 28.51; H, 7.18; N, 7.39; P, 24.51; Co, 15.54. Found:
C, 27.83; H, 7.07; N, 7.84; P, 24.46; Co, 15.69%.

Co(NO;),(PMe;Ph); (2)

0.71 g (5.2 mmol) of PMe,Ph were added slowly
to a stirred solution of Co(NO;), (1.7 mmol) in 15
ml of methanol. The resulting green solution was
kept at 5 °C for 5 h. Adding ether gave rise to a
mixture of green and red crystals, which were filtered
and dried under argon. Mixing with acetone allowed
the separation by filtration of the insoluble green
crystals of Co(NO,),(PMe,Ph); in 50% yield. Anal.
Calc. for C;yH;3N,0,4P;5Co: C, 50.98; H, 5.88; N, 4.95;
Co, 10.42. Found: C, 50.66; H, 5.88; N, 5.14; Co,
10.22%. The red filtrate kept at —5 °C for 10 h
gave a few red crystals of Co(NO)(PMe,Ph);, which
were filtered and dried under argon.

Co(NO)(NO:):(PEt;); (3)

When 0.6 g (5.2 mmol) of PEt; was added to
Co(NO;), (1.7 mmol) dissolved in 15 ml of methanol,
the solution turned green immediately. Gradually,
the color changed and, after 0.5 h, it had turned
brown. Methanol was removed in vacuo and the
crude complex recrystallized from 20 ml of methanol.
Brown crystals precipitated when the solution was
kept at 0 °C ovemnight. Yield: 40%. Anal. Calc. for
CioH30N;0sP,Co: C, 34.54; H, 7.25; N, 10.07; P,
14.85; Co, 14.12. Found: C, 34.56; H, 7.05; N, 9.95;
P, 15.04; Co, 14.40%.

Co(NO)(NO,),(PR;3), (PR;=PMe; (4), PMe,Ph

(5))

These complexes were obtained by bubbling NO
through a toluene solution of Co(NO,),(PR3); (3.0
mmol). The green solution turned brown immedi-
ately, but stirring was maintained for 0.5 h. Brown
crystals precipitated when the solution was left at
—20 °C. They were filtered and dried under argon.
Anal. Calc. for CH;sN;0sP,Co (4): C, 21.63; H,
5.45; N, 12.61. Found: C, 21.10; H, 5.42; N, 12.40%.
Anal. Calc. for C;¢H,N;05P,Co (5): C, 42.03; H,
4.85; N, 9.19; Co, 12.89. Found: C, 42.30; H, 5.10;
N, 9.80; Co, 12.63%.

4 was also prepared by reacting Ag(NO,) (0.4 g;
2.6 mmol) with CoBr,(PMe;); (0.15 g; 1.1 mmol)
dissolved in 10 ml of CH,ClL. The color of the
solution changed from violet to green after 5 min,
then to brown 2 min later. AgBr was eliminated by
filtration. CH,Cl, was removed in vacuo and the
brown oily solid recrystallized from 15 ml of ether.
Brown crystals of 4 were obtained after leaving the
solution at —20 °C overnight (40% yield).
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Co(NO),(NO;)(PMe;) (6) and

Co(NO),(NO,)(PMe;Ph) (7)

These complexes were obtained by the method
used for Co(NO){(NO,).(PR3),, but methanol or THF
was used as solvent. Anal. Calc. for C;HN;0O,PCo,
6: C, 14.95; H, 3.76; N, 17.43. Found: C, 14.75; H,
3.70; N, 16.85%. Calc. for CgH;N;O,PCo (7): C,
31.70; H, 3.66; N, 13.86. Found: C, 31.05; H, 3.51;
N, 13.12%.

Co(NO)(CO)(PMes)> (8)

Co(NO,),(PMes); (1 g; 3.72 mmol) was dissolved
in methanol (15 ml). The solution was stirred for
0.5 h in the presence of CO (2.64 mmol). The green
solution turned brown immediately. Evaporation of
methanol under vacuum gave rise to a brown solid.
Recrystallization in 20 ml of ether gave red crystals

which precipitated overnight at —70 °C. Anal. Calc..

for C;H i NO,P,Co: C, 31.24; H, 6.74: N, 5.20. Found:
C, 31.39; H, 7.15; N, 5.37%.

Co(NOs);(OPEts), (9)

O, gas was bubbled through a brown solution of
Co(NO)Y(NO,),(PEt;3), (0.5 g; 0.9 mmol) in ether.
No color change occurred. Violet crystals precipitated
when the solution was kept overnight at —20 °C.
They were filtered, washed with ether, and dried in
vacuum. Anal. Calc. for C;;H;gN,0gP,Co: C, 31.94;
H, 6.70; N, 6.21; P, 13.73; Co, 13.06. Found: C, 32.21;
H, 6.57; N, 5.95; P, 14.01; Co, 13.32%.

Results and discussion

Adding PR; (=PMe;, PEt;, PMe,Ph, PMePh,) to
the orange-red solution of Co(NO;), in methanol
gave rise to green solutions from which green pre-
cipitates were obtained after work up. With PPh;,
no color change occurred and a white compound,
which was not characterized, precipitated slowly.

The green PMe; and PMe,Ph solutions were stable
enough to give, at 0 °C and after adding ether, dark
green crystals of Co(NO;)(PMe;); (1) and
Co(NO,),(PMe,Ph); (2), respectively. These solids
could be kept indefinitely at low temperature, but
they decomposed slowly at room temperature into
brown oily powders. The latter materials proved to
be difficult to characterize, but the presence of
phosphine oxide, NO and NO, groups was dem-
onstrated by IR. In the case of PMe,Ph, a few red
crystals of Co(NO)(PMe,Ph);, soluble in acetone
(v(NO)=1620 cm™!'), coprecipitated with 2.
Co(NO)(PR;); complexes were previously obtained
when tertiary phosphines were reacted with Co(NO,),
in alcohol [23, 24]. Their formation can be related
to the stabilization of the electron-rich cobalt centre

by NO™, a strong mr-acceptor, as indicated by the
low value of the NO stretch (1620 cm™!).
Co(NO,)(PR3); (PR3=PEt;, PMePh,) could not be
isolated as stable green materials. With PMePh,, a
green compound precipitated first, but it rapidly
turned brown even at —5 °C. Recrystallization in
toluene gave a mixture of the brown solid
Co(NO)»(NO,)(PMePh,) ((NO) = 1770, 1835 cm ™!
and §(NO,)=814 cm™?), and a white powder con-
taining dimethylphenylphosphine oxide. With PEts,
the green oil obtained following solvent elimination
turned brown after 0.5 h. Recrystallization from ether
at 0 °C gave brown crystals of Co(NO)(NO,),(PEt;),
(3) (W(NO)=1640 cm™*; »(NO,)=1295, 1185 cm™;
8(NO,) =804 cm ™). Formation of this complex re-
sults from the known capability of the nitrosyl com-
pounds Co(NO)(PR;); present in the solution to act
as NO transfer reagents [25].

Co(NO,),(PMe;); (1) and Co(NO,),(PMe,Ph); (2)

The dinitrotris(tertiary phosphine)cobalt(Il) com-
pounds are low spin. In the solid state at room
temperature and at 120 K, axially symmetric spectra
with g, >g, are observed. The spectrum of
Co(NO;),(PMes); is illustrated in Fig. 1. The ex-
perimental g values are: gj=2.04 and g, =2.17 at
293 K, g;=2.05 and g, =2.16 at 120 K. Elemental
analysis, magnetic moments (2.08 BM for 1 and 2.16
BM for 2) and EPR spectra indicate five-coordination
about the cobalt(Il) centre. The two limiting ge-
ometries, trigonal bipyramid (TBP) and square pyr-
amid (SP), can be distinguished from their EPR g
values because of the difference in d orbital occu-
pancies [2, 3, 5, 26]. The values observed here
Cg. >gy>2.002) support the square-pyramidal ge-
ometry in the solid state. Consequently, 1 and 2

Gauss

3000 3150 1300

Fig. 1. Solid-state EPR spectra of Co(NO,)(PMe;);: 1,
293 K; 2, 120 K



differ from CoCl,(PMe,); and [CoCl(PMe;)4]* [27]
for which a TBP ground state was observed in the
solid state.

On the other hand, when 1 and 2 are dissolved
in methanol, the broad featureless EPR signal at
{g)=2.13 observed at low temperature is reminiscent
of the spectra of the halide compounds CoX,(PMe;),3
(X=Cl, Br, I). Thus, a distorted structure inter-
mediate between TBP and SP, as proposed for the
halide systems, could also be present for 1 and 2
in solution.

IR spectroscopy indicates N-coordination for the
two nitro groups, because of the presence of the
8(NO,) vibration at 812 cm ™! and of the two stretch-
ing bands characteristic of N coordination [28] at
1340 and 1290 cm™%,

Reactivity of the complexes toward NO and CO

1 and 2 reacted immediately with NO in toluene
to give Co(NO)(NO,),(PR;), (4 and 5) as brown
crystals. Surprisingly, the triethylphosphine analog
3 was obtained in a one-step reaction when attempting
to synthesize Co(NO,),(PEt;)s.

CO(NOz)Z(PR3)3 +NO —
Co(NO)(NO,),(PR;), + PR,

NO acts as a nitrosylating agent toward 1 and 2,
as previously observed with CoX,;(PR;), (X = halide)
[29, 30]. Complexes 3, 4 and 5 can be described as
low-spin cobalt(III) complexes, with bent Co-NO
entities (#(NO) = 1640 cm ™" for 4 and 5, 1650 cm ™!
for 3). The band at 805 cm™?, characteristic of the
8(NO,) vibration for a N-bonded nitro group, is also
apparent for the three complexes. It is difficult to
ascertain the binding mode (N- or O-coordination)
of the nitro group from the 1500-1000 cm™! range,
because of the presence of phosphine vibrations.
However, in 5, a weak band at 1185 cm™! could be
related to an O-bonded 1{NQO,) vibration. The similar
spectroscopic data for the three complexes indicate
similar structures. Since 5 has been shown by X-ray
diffraction [31] to be a pseudo-octahedral Co(III)
complex including a bent NO group, two trans phos-
phines, a N-bonded nitro group and an O-bonded
nitrito group, complexes 3 and 4 likely possess both
N-bonded and O-bonded groups as well. Moreover,
the CoNO unit is bent, in contrast with the case of
Co(NO)I,(PMes),, where a linear CoNO entity is
present [30].

Reduction of 1 with CO occurred at room tem-
perature in methanol. Work up of the solution yielded
red crystals of the ether-soluble Co(NO)(CO)(PMes),
compound ()NO)=1710 cm ™%; CO)=1945cm %)
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and to an intractable brown solid, which we were
unable to characterize. This process implies reduction
of the cobalt compound, since Co(NO)(CO)(PMe;),
has also been obtained by reaction of NaNO, with
CoBr(CO)(PMe;), or by reacting CO with
Co(NO)(PMes,); [32]. It is also solvent-dependent:
when the reaction was run in toluene, no carbonyl
complexes were isolated. 2 gave a mixture of
Co(NO)(NO,),(PMe,Ph), (5) and Co(NO),(NO,)-
(PMe,Ph) (7)* (#{NO)=1825 and 1775 cm™}) via
a complex pattern of reactions that is not understood.
7 was also obtained when CO was bubbled through
a toluene solution of 5 for several hours. The reaction
implies oxygen transfer from NO, to CO, since the
loss of CO, is observed by IR. With PEt; as ligand,
an oily intractable mixture of compounds was ob-
tained, but not characterized.

Reactivity with O,

Previous work indicated that O, reacts with co-
ordinated NO to give NO,™, NO;~ or mixed NO, ™/
NO;~ species, depending on the binding mode of
NO [34]. It has been assumed that oxygenation
proceeds by electrophilic attack of O, on the NO
ligand, followed by rearrangement of the N-coor-
dinated ONO, moiety. We have reacted O, with
complexes 3-5. Only oily, intractable mixtures of
species including OPR; ligands were obtained, except
with CO(NO)(NOz)z(PEtg)z.

Bubbling O, through an ether solution of
Co(NO)(NO,),(PEts), (3) produced no obvious color
change in the brown solution. However, when the
solution was kept at —20 °C overnight, precipitation
of violet crystals of Co(NO,),(OPEts), (9) occurred.
A brown oily solid, different from the starting ma-
terial, co-precipitated with 9, but it could not be
characterized.

Co(NOs):(OPEt;); (9)

This complex (and its OPMe; analog) can be
prepared directly by reacting the phosphine oxide
on Co(NO;), [35]. Its magnetic moment (4.8 BM at
r.t.) is as expected for a high-spin octahedral co-
balt(II) complex. In agreement with this is the violet
color of the solution, resulting from two electronic
transitions at 17 850 (¢=110) and 47 650 (e=1950)
cm ™!, respectively. Two vibrations at 1015 and 1290
cm ™! could be identified in the IR spectrum for the
coordinated NO;~ ligand. These bands are found
at the same places for Co(NO,),(OPMe;),. However,
the presence of the PEt; unit [36] makes it difficult
to identify the bands observed between 1520 and
1470 cm™? for the latter complex.

*The iodo analog Co(NO),I(PPh,) has been structurally
characterized [33].
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The crystal structure of 9 was determined by X-
ray diffraction. The molecular geometry and atom
numbering scheme are presented in Fig. 2. The unit
cell shown in Fig. 3 contains four such molecular
entities.

The inner coordination sphere around the cobalt
atom corresponds to a distorted octahedron. The
Co atom lies on a crystallographic two-fold axis
relating the two halves of the molecule. Interatomic
distances and angles are listed in Table 2. The
arrangement of phosphine oxide and bidentate nitrate
ligands around the metal is similar to that of
Co(NO;),(OPMes), [37]. The chelating nitrate im-
posing a small O—Co-O angle of 59.0(2)° in the ring,

2=

o(4)
Fig. 2. ORTEP drawing of the Co(NO;),(OPEt;), molecule.
Ellipsoids correspond to 50% probability. H atoms are
omitted for simplicity. The Co atom occupies a crystal-
lographic two-fold axis relating the two halves of the
molecule (a= —x, y, $—2).

Fig. 3. View of the unit cell of Co(NO;),(OPEt,), down
the b axis. Atoms can be identified by comparison with
Fig. 2. Hydrogens are omitted.

TABLE 2. Interatomic distances and bond angles

Distances (A)

Co-0O(1) 1.970(6) Co-0O(2) 2.073(5)
Co-0(3) 2.295(6) P-0O(1) 1.522(6)
P-C(11) 1.795(9) P-C(13) 1.782(8)
P-C(15) 1.805(9) C(11)-C(12) 1.545(13)
C(13)-C(14) 1.513(12) C(15)-C(16) 1.518(12)
N-0O(2) 1.274(10) N-0O(3) 1.281(10)
N-O(4) 1.216(10)

Angles (°)

0(1)-Co-0(1)* 97.0(2) O(1)-Co-O(2) 104.4(2)
O(1)-Co-0O(2)* 103.0(2) O(1)-Co-O(3) 163.2(2)
0(1)-Co-0(3)* 90.0(2) 0O(2)-Co-0O(2)* 138.1(2)
0(2)-Co-0(3) 59.0(2) O(2)-Co-0O(3)* 90.0(2)
0O(3)-Co-0(3)* 87.6(2) Co-OQ)-P 140.9(4)
Co-0O(2)-N 98.1(5) Co-O(3)-N 87.6(4)
O(1)-P-C(11) 111.3(4)  O(1)-P-C(13) 109.1(4)
O(1)-P-C(15) 112.4(4) C(11)-P-C(13) 109.4(4)
C(11)-P-C(15) 107.4(4) C(13)-P-C(15) 107.2(4)
P--C(11)-C(12) 113.4(6) P-C(13)-C(14) 117.4(6)
P-C(15)>-C(16) 114.2(6) O(2)-N-0(3) 115.3(7)
O(2)-N-0O(4) 122.6(7) O(3)-N-0O(4) 122.0(7)
'—x, y, t—z.

the remaining angles around the metal exhibit large
deviations from the ideal octahedral values: 138.1(2)
and 163.2(2)° (twice) between frans pairs of donor
atoms, 87.6(2)-104.4(2)° range between cis pairs. The
Co-O-P angle observed here (140.9(4)°) is appre-
ciably greater than in the OPMe; analog, but this
angle has been shown to vary over a wide range in
phosphine oxide complexes [38].

Asymmetric bidentate binding is not uncommon
for the NO;™ ligand, but no satisfactory explanation
for this effect has yet been proposed [39]. Our nitrate
group definitely binds asymmetrically, with Co-O
distances of 2.073(5) and 2.295(6) A. The geometry
of the coordinated ligand clearly reflects its bidentate
character: the coordinated N-O distances (1.274(10)
and 1.281(10) A) are definitely longer than the free
N-O bond (1.216(10) A). Both the change in bond
orders and the steric effect of chelate formation
could explain the intra-ring O-N-O angle (115.3(7)°)
being smaller than the other two (122.6(7) and
122.0(7)°). The group is planar within 1o (0.008 A)
and the metal lies 0.073(2) A from this plane.

Conclusions

The series of experiments described above indicates
that Co(NO,), can behave like CoX, (X=Cl, Br,
I), leading to similar complexes with tertiary phos-
phines (Scheme 2). However, two differences are
observed:
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Co(NO)INO,),(PEty), T Co(NO,), e Co(NO,),(PMe,),
+0, +PPhy PMePh, rco / No
+ PMe,Ph Co(NO)(CO)(PMe,),
Co(NO3);(OPELy), €0(NO)(NO;)z(PMey),
decomposition Co(NO)(NO,)(PMePh;)
Co(NO,),(PMe,Ph),

+co/ \ +NO
Co(NO)(NO,),(PMe,Ph),
+ Co(NO)y(NO,)(PMe,Ph)

Scheme 2.

(a) five-coordinate complexes Co(NO,),(PR); can
be stabilized, but they adopt a square-pyramidal
ground state geometry, in contrast with the trigonal-
bipyramidal geometry found for their halide ana-
logues;

{b) no stable four-coordinate species could be
isolated: they behave as reactive intermediates, since
they present an unsaturation in the metal coordi-
nation sphere, allowing oxygen atom transfer to occur.

With CO, no adducts are observed in toluene,
where reductive nitrosylation occurs, but in methanol,
reductive carbonylation takes place. With O,, a nitrato
Co(II) complex of phosphine oxide has been isolated
with PEt,.

NO adducts are formed only by PMe,, PEt; and
PMe,Ph, a behavior possibly related to the phosphine
cone angles, which suggests that steric factors could
contribute to the stability of the complexes. These
adducts are among the rare examples of molecules
in which coexist three different types of nitrogen
oxides, that is, NO, O-bonded NO, and N-bonded
NO,.

Supplementary material

Temperature factors, hydrogen coordinates, dis-
tances to least-squares plane, and structure factor
amplitudes (12 pages) are available upon request
from A. L. B.
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