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A series of low-spin five-coordinate complexes of cobalt(I1) are reported. Secondary phosphines form [CoX2(HPR2)3]
(X = Br, B2 = (CsHs5)CsHi1; X = NCS, CN, Rz = (CeH11)2) and [CoBr(HPR2)41B(CsHs)s (R2 = (C2Hs)2, (CeHs)CaHs,
(CeHs)CH3). By reaction of CoBrz with the secondary phosphines HPR (R = (C2Hs)2, (CsHs)CaoHs, (CeHs)CH3),
[CoBra(HPR2)4] complexes have been isolated, which probably are six-coordinate in the solid state. In solution these complexes
are dissociatively unstable and give [CoBr2(HPR2)3] or [CoBr{HPR2)4]}* depending on the nature of the solvents. Tertiary
phosphines P(CH3)a(CeHs)3-» (2 = 3, 2, 1) yield [CoBr2(PR3)3} (R3 = (CH3)3, (CH3)2CsHs), [Col{CN)2{PR3)3} (R3
= (CH3)20C6Hs, (CeHs)2CH3), and [CoBra(CO)(PR3)2]. The magnetic and spectroscopic properties are discussed and
related to those of other five-coordinate cobalt(II) complexes. The influence of the nature of the phosphine on the formation
of five-coordinate adducts is discussed, and it is suggested that steric effects are much more important than electronic effects
in determining five-coordination in low-spin cobalt(Il) complexes.

Introduciien

A number of low-spin five-coordinate cobalt(Il) complexes
have been characterized in the past years, mainly with
polydentate ligands containing w-bonding donor atoms, such
as phosphorus, arsenie, and selenium. -3

In some cases monodentate phosphines also appear to be
able to stabilize the five-coordinate state. Tris-phosphine
adducts of the type [CoX2(P)3] (X = halogen, P = mono-
dentate phosphine) have been reported with diphenyl-
phosphine,45 with cyclic phosphines such as 2-phenyliso-
phosphindoline® and some 9-alkyl-9-phosphafluorenes,” and
with the alkylaminofluorophosphines FoPN(CH3)28 and
FP(N(CH3)2)2.2

Systematic studies have been made in this laboratory on the
tendency of the four-coordinate complexes [CoX2(PR3)z] (X
= halogen or pseudohalogen) to add a third molecule of tertiary
phosphine PR3 to give [CoX2(PR3)3] complexes. It has been
found that with the phosphines PR3 (R = ethyl, n-propyl,
z-butyl) or PR:R'3-» (R = ethyl, R" = phenyl), the five-
coordinate species are termodynamically unstable, when X =
Cl, Br, or NCO, but can be formed in the presence of the
anionic ligands WCS or CN. With P(CeHs)s, P(CsHi1)3, and
P{CsHn)2C6Hs however no evidence of five-coordination is
obtained, even when X = NCS or CN.10.11

Therefore, the stability of [CoX2(PR3)3] complexes appear
definitely influenced by the anionic ligand, the order being
halogens <« NCS < CN and by the nature of the phosphine.

The role of steric and electronic effects in determining the
tendency of cobalt(Il) complexes to adopt four- or five-
coordinate structures is not yet well established, even if some
results suggest that the interligand repulsion may affect the
formation of five-coordinate species.

In order to test the importance of steric hindrances in the
formation of five-coordinate complexes of cobalt(Il) we have
investigated the reactions of CoBr2 with a series of secondary
and tertiary phosphines, i.e., P(CH3)u(CsHs)3-» (n = 1, 2, 3),
HP(CeHs)R (B = CHj, C2Hs, CsHi1), and HPR2 (R =
C2Hs, CeHs, CeHin).

This paper reporis the preparation and properties of
five-coordinate complexes of the type [CoBRr(HPR2)4]*,
[CoBra(HPR )3}, [CoBra{PR3)a), and [CoBr2(CO)(PR3)2],
together with some cyano- and thiocyanate derivatives.

Experimental Section

Apparatus. Flectronic specira were obtained with an Optica CF4N{
spectrophotometer. Reflection spectra were recorded using solid
compounds and MgCO3 as inert diluent on a Beckman DU spec-
trophotometer. Magnetic susceptibilities were measured by the
standard Gouy method al 25° and were corrected for the dia-

magnetism of the ligands. Infrared spectra were obtained with a
Perkin-Elmer 457 spectrophotometer.

Starting Materials. The tertiary phosphines were prepared by
standard methods; diethyl- and dicyclohexylphosphines were prepared
following Issleib's method.!2 The secondary phosphines HP(CsHs)R
(R = CHjs, C2Hs, CeHs, CsHit) were obtained by hydrolysis of the
corresponding LiP{CsHs)R.

Preparation. All solvents were degassed and all reactions carried
out under dry nitrogen or argon,

[CoBr2(P(CH3)3)3). CoBr2 (2 mmol) and the trimethylphosphine
adduct Agl-P(CH3)3 (10 mmol) were mixed in 50 ml of methylene
chloride and silver iodide was filtered off. The violet solution was
evaporated to dryness and the residue was treated with cthyl ether,
By adding n-hexane, dark violet crystals were obtained. The same
compound is obtained by reaction of free P(CH3)3 and CoBr», always
in methylene chloride.

[CoBrz(P)3] (P = P(CH3)2CeHs, HP(CsHs)CeHi1). CoBrz (2
mmol) was suspended in 30 m! of methylene chloride and the
phosphine (8 mmol) added. After 1 hr of vigorous stirring, unreacted
cobalt bromide was separated by filtration and from the solutions violet
to brown crystals of the compounds were obtained by adding n-hexane.

[CoBr2(P)4] (P = HP(CeHs)CHs, HP(CeHs)CH3). Cobalt(I)
bromide (2 mmol) was suspended in 30 ml of methylene chloride and
the phosphine (10 mmol) added. After 1 hr of vigorous shaking, the
solutions were filtered off and green crystals precipitated by addition
of n-hexane.

[CoBr(P)4IB(CsHs)4 (P = HP(C2Hs)2, HP(CsHs)C2Hs, HP-
(CsH5)CH3). CoBr2 (2 mmol) and sodium tetraphenylborate (2
mmol) were dissolved in 30 mol of ethanol and the phosphine (10
mmol) was added. In a few minutes green crystals precipitated, which
were washed with ethanol and recrystallized from methylene chlo-
ride—ethanol.

[Co(NCS)2(P)3] (P = HP(CsHi11)2, HP(CsH11)CsHs). Anhydrous
cobalt(II) thiocyanate (2 mmol) was dissolved in 30 ml of ethanol
with phosphine (8 mmol} at room temperature. The solution was
cooled at —70° to favor precipitation of the red compounds and then
shaken several hours. The ir spectra in Nujol mull show a strong band
at 2070 cm! (vcN of isothiocyanate terminal groups).

[Co(CN)2(P)3] (P = P(CeHs)2CH3, P(CH3)2CsHs, HP(CsHs)o2,
HP(CsH11)2). The bromo derivatives CoBr2(P)2 or CoBr2(P)3 were
dissolved in a 1:1 ethanol-methylene chloride solution (10 mmol in
50 ml), to which an excess (10-20 mmol) of the corresponding
phosphine was added. The solutions were passed through a column
of an anionic resin (Dowex 1-X4, 50-100 mesh) in CN- form. The
resulting red solutions were evaporated to dryness and the crude
products purified as follows, {a) [Co(CN)2(P(CsHs)2CH3)3] was
obtained as dark red crystals from methylene chloride-r-hexane (ven
at 2080 and 2095 (vw) cm~! in Nujol mull}; (b) [Co(CN)2(P(C-
H3)2CsHs)3] as dark red crystals from methylene chloride-ethanol
(vcN at 2080 and 2095 (vw) ecmL; (¢) [Co(CN)2(HP(CsHs)2)3] as
light red crystals from ethanol-s-hexane {rcx at 2070 and 2080 (vw)
em1); (d) [Co(CN)2(HP(CeHi1)2)3] as red-orange prisms from
methylene chloride-n-hexane (vex at 2080 and 2090 (vw) cm!).

[CoBr2(COYP)2] (P = P(CHz3)3, P(CH3)2CeHs). The corre-
sponding complexes CoBra(P)3 were suspended in n-hexane under
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Table I. Properties and Analytical Data of Cobalt(Il) Complexes

Anal., %
C H Other
Compd Color Mp,2°C pesst BM Caled Found Caled Found Calcd Found
CoBr, [P(CH,),], Dark violet 109-111  2.10  23.03 24.18 5.82 6.09 33.92 35.75 (Br)
CoBr, {P(CH,),C,H;l, Violet 97-99 2.05 45.07  45.53 5.27 5.25 25.20 25.24 (Br)
CoBr,(CO)[P(CH,),], Red-brown 138-140  2.00 20.99 21.08 4.66 4.55 39.97 40.06 (Br)
CoBr,(CO)[P(CH,),C,H,], Red-brown 109-111  2.10 3942 39.00 542 5.23 30.34 30.55 (Br)
CoBr, [HP(C,H,,)C,H,], Violet 170-172 220  54.52 54.35 6.40 6.46 20.30 20.09 (Br)
[CoBr(HP(C,H,),),IB(C,H,), Green 124-126 230 57.65 58.69 7.59 7.88 9.88 9.76 (Br)
[CoBr(HP(C,H,)C H,),]B(C,H,), Light green 127-130 2.20 67.09 66.28  6.35 6.35 8.28 7.87 (Br)
[CoBr(HP(CH,)C H;),IB(C H;), Light green 117-119  2.25 65.08 65.41 5.75 5.91 8.10 8.37 (Br)
CoBr, [HP(C,H;)C,H;], Light green 114-116  2.05 49.32  49.57 5.63 5.72 20.32 20.61 (Br)
CoBr, [HP(CH;)C H,], Light green 125-127 2.00 46.86 46.90 5.24 5.07 22.59 22.34 (Br)
Co(NCS), [HP(C H,),], Red 83-85 2.00 58.94 59.23 8.75 9.03 3.60 3.64 (N)
Co(NCS),[HP(C,H,,)C H;l, Red-brown 109-111  2.30 60.70  60.56 6.83 6.78 3.72 3.62 (N)
Co(CN), [P(CH,),C H,], Dark red 177-179 2,00 5947 59.43 6.48 6.33 5.23 5.33 (N)
Co(CN), [P(C H,),CH,]1, Dark red 161-163  2.10 68.35 69.20 5.49 5.52 3.96 3.94 (N)
Co(CN), [HP(C(H,),], Red 88-92 1.90 67.78 68.16 5.77 4.97 3.96 4.18 (N)
Co(CN), [HP(C H,,),]5 Red-orange 92-94 2.00 6340 64.66 9.62 9.85 3.79 3.97 (N)
2 Uncorrected; determined in sealed tube under nitrogen. b At 25°,
Table . Molar Conductance on 1,2-C,H,Cl, Solutions at 25°¢
Ay, cm? Apm, cm?
Compd ohm™! mol™! Compd ohm™ mol™!
CoBr,(HP(C H,,),), 0.5 [CoBr(HP(CH,)CH,),JB(CH,), 222
CoBr,(HP(C,H,),), 1.5 Co(NCS),(HP(C H,,),), 0.5
CoBr, (HP(C,H,,)C.H;), 2.5 Co(NCS),(HP(C,H,,)CH,), 1.0
CoBr, (HP(C,H,),), 6.5 Co(CN),(HP(C,Hy),), 0.2
30.0° Co(CN),(HP(C H,,),), 0.5
CoBr,(HP(C,H;),), + HP(C,H,),° 28.6 CoBr,(P(CH,),), 0.7
CoBr,(HP(C,H,)C,H;), 7.5 CoBr,(P(CH,),CHy), 0.5
30.0° CoBr, (CO)(P(CH,),), 0.3
CoBr,(CO)(P(CH,),CH,), 0.7
CoBr,(HP(CH,)C, Hy), 6.3 Co(CN),(P(CH,),CH,), 0.7
28.8% Co(CN), (P(C,H,),CH,), 0.5
[CoBr(HP(C,H,),).]B(C.H,), 25.0
[CoBr(HP(C,H,)C,H,),]B(C H,), 21.5

@ For approximately 10™® M solutions. ? In ethanol, for approximately 10-* M solutions. ¢ Approximately 107 M.

Table ITI. Electronic Spectral Data for the Cobalt(I1) Complexes in the 29,000~12,000-cm™! Region?

Compd Band max, cm ™' (epmax)?
CoBr, (P(CH,),), 23,250 sh, 19,250 (1660), 15,400 (520), 13,900 sh
CoBr, (P(CH.),C. H,), 19,450 (820), 16,100 (520), 13,900 sh¢
CoBr,(COYP(CH,).), 19,600 (280), 15,650 sh, 14,800 (140)

CoBr, (COXP(CH,),C,Hy),
Co(CN),(P(CH,),C H;),
Co(CN),(P(C,H;),CH,),
CoBr,(HP(C,H;),),

CoBr, (HP(C,H;)C,H, ),
Co(NCS),(HP(C,H,)CH, ),
Co(NCS), (HP(C,H,,),),
Co(CN),(HP(C4H,),),

CO(CN); (HP(Cs H11 )2 )3
[CoBr(HP(C, Hy),),1B(CsHy),
[CoBr(HP(C H,)CH,),IB(CsH;),
[CoBr(HP(C,H,)C,H,),IB(C,Hy),

18,200 (320), 15,400 (220), 14,300 sh
20,600 (610)

20,000 (400), 16,700 sh

19,800 (990), 15,400 sh, 14,200 (740)¢
19,600 (1210), 15,600 sh, 14,300 (550)¢
26,300, 20,400, 14,900¢

26,000, 19,200, 14,5004

20,800 sh, 15,600 sh®

22,200, 16,400¢

24,500 (1620), 16,500 (330), 13,900 sh
24,100 (1570, 15,500 (370), 14,200 sh
23,800 (1940), 15,400 (450), 13,900 sh

CoBr, (HP(C, H),)., 23,800, 15,600, 14,8004
24,100 (1220), 16,100 (170)°
20,600 (880), 15,200 (400)

CoBr,(HP(C,H,)CH,), 23,800 sh, 15,600 brd

CoBr,(HP(C,H,)C, H,), 23,250, 15,850, 14,6009

24,100 (1740), 15,400 (240), 13,900 sh®
© 20,200 (1220), 15,400 (645), 13,900 sh’

2 [n 1,2-dichloroethane solution, unless otherwise stated. ? Molar absorptivities in parentheses; sh = shoulder. € In the presence of excess
free phosphine. 4 Solid-state spectra. € In ethanol solution. f In benzene solution.

carbon monoxide at room temperature and atmospheric pressure and with their extinction coefficients of the electronic spectra are

throughly shaken for several hours to produce complete conversion
to red-brown products, which are stable in the solid state under inert
gas (vco 1980 (vs) cm1).
Results and Discussion

The physical properties and analytical data of the cobalt(1I)
complexes are listed in Tables I and II. The band maxima

listed in Table III.

Infrared spectra of all the complexes with secondary
phosphines show a weak band in the 2300-cm-! region, at-
tributable to P~H group of the phosphine.

The secondary and tertiary phosphines examined in this
study react with CoBr2 to form a variety of complexes, the
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structure and stoichiometry of which are highly dependent upon
the nature of phosphine employed. Crystalline compounds have
been obtained, in which the cobalt atom is bonded to two, three,
and four molecules of phosphine and has coordination numbers
ranging from four to five and probably to six.

Dicyclohexyl-13 and diphenylmethylphosphine react with
CoBr2 to give high-spin four-coordinate complexes of the type
[CoBr2(P)2]. A spectrophotometric study in 1,2-C2HaCl2
solution indicates that these complexes do not show any
measurable tendency to add a third molecule of phosphine.
By contrast, the reaction of the phosphines HP(CsHs)2,
HP(CsHs)CeH11, P(CH3)2C6Hs, and P(CH3)3 with CoBr2
in CH:2Cl> easily yields violet to brown compounds of com-
position [CoBr2(P)a].

The tris(phosphine) adducts are low spin and are non-
electrolytes in 1,2-C2H4Cl2 (Tables I and II). Their reflectance
spectra closely resemble each other (Table III), indicating that
probably all four [CoBr2(P)3] complexes should have the same
distorted trigonal-bipyramidal structure found for [Co-
Br2(H{P(CsHs)2)3].5 In 1,2-C2H4Clz solution, the complex
[CoBra(P(CH3)3)3] is practically indissociate, while the
tris(phosphine) adducts with HP(CsHs), HP(CsHs)CeH11,
and P(CH21)2CsHs partially dissociate into the corresponding
four-coordinate species and phosphine. In the presence of an
excess of phosphine, the dissociation is strongly reduced and
the final spectra appear to be very similar to those in the solid
state.

It should be noted that Jensen, er al.,14 obtained by direct
reaction of CoX2 and trimethylphosphine in ethanol green
compounds of composition [CoX2(P(CH3)3)2] (X = Cl, Br).
With Cola, violet-black crystals were reported, which contain
approximately 2.5 mol of trimethylphosphine per cobalt atom.

One molecule of phosphine in the complexes [CoBr2(PR3)3]
(B3 = (CH3)3, (CH3)2Ce¢Hs) can be easily replaced by a
molecule of carbon monoxide at room temperature and 1 atm
to give carbonyl derivatives of the type {CoBr2(CO)(PR3)2],
which can be isolated in the solid state. Magnetic moments
(Table 1) and visible spectra (Table I1I) agree with a low-spin
five-coordinate structure. The infrared spectra show a strong
band in the 1980--1985-cm™! region (¥c0), as found in other
analogous [CoX2(CO)(P)2] complexes.!’

Also the four-coordinate [CoBr2(P(CesHs)2CH3)] takes up
carbon monoxide yielding the brown five-coordinate complex
[CoBr2(CO)(P(CsHs)2CH3)2]. However it is much less stable
than the corresponding derivatives with P(CH3)3 and
P(CH3)2C6Hs and rapidly loses in the solid state carbon
monoxide to re-form the green [CoBr2(P(CeHs)2CH3)z]
compound.

As previously found, when the anionic ligand is CN-, the
stability of the tris(phosphine) adducts increases.!! Thus,
five-coordinate [Co(CN)2(P)3] complexes are formed either
with the phosphines which give [CoBr2(P)s] species or with
HP(CsH11)2 and P(CsHs)2CH3. The cyano derivatives are
prepared by passing a CH2Clz—ethanol solution of the cor-
responding [CoBra(P)2 or 3] complexes and free phosphine
through a column of anionic resin in CN- form. In the case
of P{(CH3)3 and HP(CsH11)CeHs, only red intractable oils
have been obtained.

Magnetic moments and spectral patterns—both in solid and
in solution—of the red crystalline compounds are fully con-
sistent with those of other known low-spin five-coordinate cyano
derivatives of cobalt(1T) of the type [Co(CN)2(P)3] (P =
P(CeH5)2C2Hs and P(C2Hs)2C6Hs). 1!

In 1,2-C2H4Cls solution, the complexes are nonelectrolytes
and are not dissociated, as indicated by spectrophotometric
investigations. The infrared spectra, both in Nujo! mull and
in 1,2-C2H4Cl? solutions, show a strong peak at 2070-2080
cm! and another, much weaker, at 2090-2100 ¢m-1, at-

M. Bressan and . Rigo

tributable to nonbridging CMN groups. The presence of two
CN stretching frequencies suggests a distorted structure, in
which the two cyanides occupy structurally nonequivalent
positions.

The reaction of the ligands HP{CaHs)2, HP{Ceiis)CaHs,
and HP(CsHs)CH3 with CoBry in ethanol in the presence of
an excess of sodium tetraphenylborate, yields green compounds
which analyze as [CoBr(P)4]B(CeHs). The compounds have
magnetic moments around 2 BM and are 1:1 electrolytes in
1,2-C2H4Cl2 solutions (Tables I and I1). Visible spectra, in
the 29,000-12,000 cm-1 region, both in the solid state and in
1,2-C2H4Cla solutions, display two definite bands (at ca. 24,000
and 16,000 cm~1) with a shouider around 14,000 crn-! (Table
I1I). The relative energies and shapes of the bands {it well
into the qualitative pattern found for other Jow-spin five-
coordinate complexes of cobait(Il) with a [P4X] donor set. 116,17

However, elecironic spectra alone, as confirmed recently by
Meek, et al.,! are not sufficient to assign unambiguously
square-pyramidal or trigonal-bipyramidal geometrics to these
complexes.

If the secondary phosphines HF(CaHs)s, HP(CeHs)CaHs,
and HP(CeHs)CH3 are added to a suspension of CoBry in
CH2Cly, green solutions are rapidly formed, from which green
products can be precipitated of composition [CoBra{(P)a] (»
= 2 BM). For the previously reported compound [Co¥z-
(HP(C2Hs)2)4] (X = Cl, Br) Issleib proposed a low-spin
octahedral structure, both in the solid state and in solution,
with the halogen atoms in ¢is positions, on the basis of dipole
moment, molecular weight, and magnetic moment wmea-
surements.!3

We find, instead, that in solution all three complexes
[CoBra(P)4] are dissociatively unstable, providing a series of
equilibria strongly dependent upon the nature of the solvent.
In ethanol, where the compounds behave as 1:1 electrolytes,
the visible spectra are different from those in the solid state
but very similar to those of the corresponding [CoBr(P)4]-
B(CsHs)s derivatives discussed above (Table i1, Figure ta),
thus suggesting that the process of solution in ethanol of the
[CoBr2(P)4] complexes occurs with formation of the five-
coordinate species {CoBr(P)4]*.

When the green compounds are dissolved in a less ionizing
solvent, such as 1,2-C2H4Cla, the solutions become red-brown
and the visible spectra, still different from solid-state spectra,
consist in two composite bands, at 21,000-22,000 and
15,000-16,000 cm~!, respectively. Mareover, the observed
conductances—for 102 M solutions—are definitely lower than
those expected for typical uni-univalent elecirolytes (Am =
ca. 6-10 instead of usual values of 20-30 ohm~! cm? mol-1).
On addition of phosphine, the molar conductances signifi-
catively increase and the color changes again from red-brown
to green. The bands at 21,000-22,000 and 15,0001 6,600 ¢m-!
disappear and are replaced by the band system typical of the
tonic [CoBr(P)4]* chromophores, discussed above (Figure 1b).

Spectroscopic and conductivity data in 1,2-C2HaCly can be
simply interpreted in terms of an equilibrium involving two
five-coordinate species: [CoBra(P)s] + P == [CoBr(P)a]* +
Br-.

Thus, the band system which appears in the specira of the
solutions without added phosphine is reasonably assigned to
the tris(phosphine) species [CoBr2(F)3]. The assignment is
also consistent with shapes and positions of the band maxima
observed in the spectra of the analogous [CoBrz(P)s] chro-
mophores, in particular [CoBra(HP(CeHs)2)3].

Finally, spectral patterns closely related to solid-state spectra
are observed when the [CoBra(P)a] complexes are dissolved
in benzene, in the presence of an excess of phosphine {one band
around 23,500 ¢m~! and another broader band centered at
15,000 cm-1). In absence of added phosphine, the spectra show

o
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Figure 1. Electronic absorption spectra: (a) , [CoBr(HP(C,H;),),1B(CH;),,9.72 X 107* M in 1,2-dichloroethane; - - - ~, [CoBr, (HP-
(C,Hj),),1 9.47 X 107% M in ethanol; (b) ~ - = ~ , [CoBr, (HP(C,H,),),}, 1.23 X 107* M in 1,2-dichloroethane; - =~ -, 1.23 X 107* M complex
in 1,2-dichloroethane containing 2 X 107% M diethylphosphine; - - = -+« =, [CoBr, (HP(C, H,),),], 1.7 X 107® M in benzene.

again the characteristic band contours of the [CoBr2(P)3]
chromophores (Table III, Figure 1b), thus suggesting the
existence of the equilibrium [CoBr2(P)3] + P = [CoBr2(P)4].

We conclude that all the [CoBr2(P)s4] complexes are
probably six-coordinate in the solid state, but extensively
dissociated in solution, giving neutral or ionic five-coordinate
species [CoBr2(P)3] or [CoBr(P)4]*, respectively, depending
on the nature of the solvent.

No spectral evidence has been obtained for the formation
in the solvents examined of the pseudotetrahedral [CoBr2(P)2]
complexes. However it should be noted that Yoke, ef al., found
that the solid compound [CoCl2(HP(C2Hs5)2)4] lost i vacuo
half of its content of phosphine, giving the 2:1 adduct
[CoCla(HP(C2Hs)2)2].18

Conclusions

The stability of tris(phosphine) complexes appears to be
strongly dependent upon the nature of the phosphinic ligands.
The influence of the organic group bound to the phosphorus
atom becomes evident in the series of the complexes with the
tertiary phosphines PRs(CsHs)3-» (R = methyl, ethyl) and
P(C2H35)n(CsHi1)3-n (n =0, 1, 2, 3). Whereas trimethyl- and
dimethylphenylphosphine form five-coordinate [CoBr2(P)3]
complexes, with the ligands P(CsHs)2CH3, P(C2Hs)3,
P(C2H5)2CsHs, P(CsHs)2C2Hs, P(CsHs)s, P(CsHii)s,
P(CsH11)2C2Hs, and P(C2Hs)2CesHit no evidence of the
formation of dibromo tris(phosphine) adducts has been ob-
tained. However, when the anionic ligand X is CN or NCS,
five-coordination in easily achieved by all the above phosphines,
except P(CeHs)3, P(CsHi11)3, and P(CsH11)2C2Hs.10:11,20

Thus, the tendency of the tertiary phosphines to form
five-coordinate species decreases on replacing methyl groups
with larger groups, such as C2Hs, which has a comparable
inductive effect, or CsHs, which has an opposite inductive
effect. A similar stability change is observed when ethyl groups
are replaced by cyclohexyl or phenyl groups.

These observations are in agreement with the fact that the
secondary phosphines HPR2 generally form five-coordinate
complexes more easily than the corresponding tertiary

phosphines. In fact, [CoX2(HPR2)3] complexes can be ob-
tained even when X = Br, with the exception of the more bulky
dicyclohexylphosphine, which gives tris(phosphine) adducts
only when X = NCS or CN,

It is interesting to note that with the smallest examined
phosphines HP(C2Hs)2, HP(CsHs)CaHss, and HP(CsHs)CH3,
cobalt(II) can attain five-coordination also by binding four
molecules of phosphines to give [CoBr(P)4]* derivatives.

The observed sequence suggests that the property, which
primarily controls the formation of five-coordinate [CoX2(P)3]
complexes, is the size of phosphorus ligands, whereas the
electronic effects related to the organic substituents in the
phosphine do play only a secondary role.

However the fact that the four-coordinate [CoBr2(P(Cs-
Hs)2CH3)2] can coordinate a CO molecule, while it does not
form the tris(phosphine) adduct, clearly cannot be accounted
for on the basis of steric arguments alone and indicates that
also w-acceptor capacity of the ligands is an important factor
in favoring five-coordination.

Acknowledgment. The authors are grateful to Professor A.
Turco for stimulating discussions and to Mr. L. Turiaco and
G. Gomiero for technical assistance.

Registry No. CoBr2(P(CH3)3)3, 52810-40-9; CoBra(P(CH3)2-
CsHs)s, 52810-41-0; CoBr2(CO)(P(CHz3)3)2, 52810-37-4; Co-
Br2(CO)(P(CH3)2CsHs)2, 52223-37-7; Co(CN)2(P(CH3)2CsHs)3,
52810-38-5; Co(CN)2(P(CsHs)2CHa)3, 52810-39-6; CoBr2(H-
P(CsHs)2)3, 15740-84-8; CoBra(HP(Ce¢Hs)CsH11)3, 52810-42-1;
Co(NCS)2(HP(CsHs)CsHi1)3, 52810-43-2; Co(NCS)2(HP(Ce-
Hi1)2)3, 52810-44-3; Co(CN)2(HP(Ce¢Hs)2)3, 52810-45-4; Co(C-
N)2(HP(CeH11)2)3, 52810-46-5; [CoBr(HP(C2Hs)2)a]B(CsHs)4,
52810-48-7; [CoBr(HP(CsHs)CH3)4]B(CsHs)s4, 52810-50-1;
[CoBr(HP(CsHs)C2Hs)a]|B(CeHs)4, 52810-52-3; CoBr2(HP(C2-
Hs)2)4, 52810-53-4; CoBr2(HP(Ce¢Hs)CH3)4, 52810-54-5; Co-
Br2(HP(C¢Hs)C:Hs)s, 52810-55-6; CoBr2(HP(CsHi1)2)2,
52810-56-7.

References and Notes

(1) J. K. Stalick, P. W. R. Corfield, and D. W, Meek, Inorg. Chem., 12,
1668 (1973), and references therein.
(2) L. Sacconi, J. Chem. Soc. A, 248 (1970).



42 Inorganic Chemistry, Vol. 14, No. 1, 1975

(3) W. Levason and C. A. McAuliffe, Advan. Inorg. Chem. Radiochem.,
14, 173 (1972).

(4) K. Issleib and E. Wenschuh, Z. Anorg. Allg. Chem., 305, 15 (1960).

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

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

(7 D. W, Allen, O. T. Millar, and F. G. Mann, J. Chem. Soc. A4, 1101
(1969).

(8) T. Nowlin and K. Cohn, Inorg. Chem., 10, 2801 (1971).

(9) T. Nowlin and K. Cohn, Inorg. Chem., 11, 560 (1972).

(10) T. Boschi, P. Rigo, C. Pecile, and A. Turco, Gazz. Chim. Ital., 97, 1391

(1967).

Andrew W, Zanella and Peter C. Ford

(11) P. Rigo, M. Bressan, and A. Turco, Incrg. Chem., 7, 1460 (1968).

(12) K. Issleib and A. Tzschach, Chem. Ber., 92, 704 (1959).

(13) K. Issleib and G. Doll, Z. Anorg. Allg. Chem., 385, 1 (1960).

(14) K. A.Jensen, P. H. Nielsen, and C. T, Pedersen, Acta Chem. Scand.,
17, 1115 (1963).

(15) M. Bressan, B. Corain, P. Rigo, and A. Turco, fnorg. Chem., 9, 1733
(1970).

(16) J. C. Cloyd, Jr., and D. W. Meck, Inorg. Chim. Acta, 6, 480 (1972).

(17) J. G. Hartley, D. G. E. Kerfoot, and L. M. Venanzi, Inorg. Chim. Acta,
1, 145 (1967).

(18) W, E. Hatfield and J. T. Yoke, Inorg. Chem., 1, 170 (1962).

Contribution from the Department of Chemistry,
University of California, Santa Barbara, California 93106

Base Hydrolysis of Coordinated Organonitriles. Reactions of Ruthenium{(11l) and

Rhodium(Iff) Complexes

ANDREW W. ZANELLA and PETER C. FORD"!

Received June 13, 1974

AlC40378K

Specific rates of base hydrolysis of the pentaammineruthenium(III) complexes of acetonitrile (2.2 X 102 M~! sec™!) and
of benzonitrile (2.0 X 103 M1 sec™!), Ru(NH3)s(NCR)3+ (R = CH3 or C6Hs), are shown to be approximately 108 times
faster than the free ligand under the same conditions and about 102 times faster than the analogous cobalt(IIT) complexes.
Reaction products are the corresponding amido complexes which reversibly protonate in acidic solution to give the amide
complexes. Base hydrolysis of the pentaamminerhodium(III) complex of acetonitrile (1.0 M~! sec™!) occurs at a rate
comparable to that of the cobalt(IXI) complex, while the ruthenium(II) complex is at least 106 times less reactive than
the corresponding ruthenium(III) complex. In bicarbonate-carbonate buffer solutions the reactions of the Ru(IIT) complexes
display general base catalysis, a result which suggests that in aqueous solution the coordinated nitriles are subject Lo attack

by nucleophiles other than hydroxide ion.

Past efforts in these laboratories have been concerned with
Interpretation of ligand-metal interactions between organic
ligands and metal-ammine complexes of the second transition
row.2”7  Particular emphasis has been directed toward
comparisons of ligand properties and reactions between dif-
ferent organonitrile complexes of the type M(INH3)s(RCN)#+,
where M = Ru(II), Ru(III), or Rh(IIT) and RCN is an
organonitrile such as acetonitrile or benzonitrile. In the course
of these studies, it was observed? that ruthenium(III) complexes
of benzonitrile and other substituted aromatic nitriles un-
derwent reactions to unidentified Ru(IIT) products in hot water
unless the solution was acidic, and speculation centered on the
possible hydrolysis (hydration) of the coordinated nitrile
function. In the context of some recent interest®-10 in the
hydrolysis reactions of coordinated nitriles, we decided to
examine this reaction in greater detail for the acetonitrile and
benzonitrile complexees of ruthenium(III), Ru(NH3)s-
{(CH3CN)3* and Ru(NH3)5(CsHsCN)3*, and the analogous
ruthenium(iI) and rhodium(III) complexes of acetonitrile,
Ru(NH3)s5(CH3CN)2+ and Rh(NH3)5(CH3CN)3t+, Com-
parisons of the reactions of these structurally analogous
complexes allow evaluation of the differences in ligand re-
activity resulting from changes in the nature of the central
metal ion, For the present cases, rhodium(III) and ruthe-
nium(II) complexes are isoelectronic (both low-spin 4d®) yet
differ by one electrostatic charge. The rhodium(III) and
ruthenium(IIT) complexes have the same charge, but differ
by one d electron (Ru(IIl) is low-spin 4d5). Consequently,
relative to rhodium(I1I), ruthenium(II) has been shown to be
an electron donor to w-acceptor unsaturated organic ligands
such as organonitriles,” while ruthenium(IIl) is a m acid.!! The
differences in metal-ligand interactions should show up in the
reactivity patterns for base hydrolysis of organonitriles co-

ordinated to these substitution-inert metal ions. Comparisons
to recent cobalt(II1) results can also be made.

Experimental Section

Equipment. Visible and ultraviolet spectra and rate studies were
run on a Cary Model 14 spectrophotometer equipped with a ther-
mostated cell compartment. Some measurements were done on a Cary
Model 118. Infrared spectra were run on a Perkin-Elmer Model 225
recording spectrophotometer, using 75-100-mg KBr disks containing
1-3 mg of compound. PH measurements were made on a Sar-
gent—Welch Model NX pH meter with a combination minielectrode.

Materials. Reagent grade ligands and chemicals were used
throughout. Doubly distilled water was used for solutions. Argon
used for deaerating solutions was deoxygenated by passage through
Cr(II) solution in gas-scrubbing bottles. DMA (V,N-dimethyl-
acetamide) was distilled and stored over molecular sieves. “Tris” refers
to tris(hydroxymethyl)aminomethane. The acetonitrile and ben-
zonitrile complexes, [Ru(NH3)s(CH3CMN)}(ClO4)3 and [Ru-
(NH3)5(CsHsCMN)1(ClO4)3, were prepared according to the procedure
of Clarke.? The ruthenium(Il) products were recrystallized from
warm (45-50°) dilute perchloric acid (pH 1-2) to minimize any
production of amide complex. Purity was judged by comparison of
measured extinction coefficients to those previously reported.?
[Rh(NH3)s(CH3CN)1(Cl104)3 was prepared as described previously.6

[Ru(NH3)s(CH3CONH) |(BF4)2. [Ru(NH3)sCl]Cl2 (200 mg, 0.68
mmol) was added to a solution of silver trifluoroacetate (150 mg of
Ag20, 0.65 mmol, in 3-4 mi of water with a minimum of concentrated
HTFA) whereupon AgCl precipitated. The precipitate was digested
(3-5 min) and then filtered, after cooling for several minutes. The
yellow filtrate was deaerated with argon and reduced with a piece
of amalgamated zinc, using a vial with a rubber serum cap as the
reaction vessel, and argon was continuously passed through with
syringe needles. The reduced solution was added to an open 10-ml
beaker containing acetamide (0.8 g, 13.5 mmol) and a piece of
Zn(Hg). The pH was adjusted to about 8 with solid tris and the
solution became deep amber. Afier 2-3 min of stirring the Zn(Hg)





