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Carbon monoxide or cyclohexyl isonitrile (L) react with ,the dinuclear five- 
coordinated derivatives of l,l,l-tris(diphenylphosphinomethyl)ethane, 
(triphos), [(triphos)Co@-X)&o((triphos)](BPh,), (X = halide) to give com- 
plexes of formula [(triphos)Co(L)X]BPh_+ The latter are rare examples of 
pzamagnetic cobalt(I1) carbonyl complexes. The molecular structure of 
[(triphos)Co(CO)Br]BPh4 has been determined from counter diffraction data. 
The crystals are monoclinic, space group P2,/a with cell dimensions a 
20.225(8), b 20.664(g), c 13.301(5); 6 9’7.24(5)“, D, = 1.338 g cmS3 for 2 = 4. 
Full-matrix least squares refinement led to the conventional R factor of 0.057 
for 3648 observed reflections_ The molecular structure consists of five-coordi- 
nate [ (triphos)Co(CO)Br] f cations of intermediate geometry and BPh, anions. 

Introduction 

The tripodal tri(tertiary phosphine) l,l,l-tris(diphenylphosphinomethyl)- 
ethane, triphos, forms with 3d metals the stable carbonyl derivatives [(triphos)- 
Mx$CO),]BPh, [l], [(triphos)Fe(CO)z] [Z], [(triphos)Co(CO),]BPh, [3] and 
[(triphos)Ni(CO)] 141. All these complexes are diamagnetic with the metal 
atom attaining the 18_outer-electron configuration. 

We have now found that paramagnetic cobalt(n) carbonyl derivatives, having 
formulae [(triphos)Co(CO)X]BPh4 (X = Cl, Br) are eakly formed by reaction 
of-carbon monotidc witin the dhneric dihalo complexes [(triphos)Co(~-X)2Co- 
(triphos)](BPh,), [5] _ T@e dogous cyclohexyl isonotrile derivatives 
f(triphos)CO(CNCy)X]BPh4 have also‘been prepared. 

With the exception of the carbon monoxide adduct of halide bis(triethyl- 



phosphine) cobalt@) [S] no paremagnetic cobalt(K) complexes of CO have 
previously been isolated and structurally characterized. Some other low spin 
cobalt(K) carbonyl adducts has been detected in solution by spectroscopic 
techniques [7,8]. 

The title complexes have been characterized and their physical properties 
studied by the usual methods, and a complete X-ray structure determination of 
the complex [(triphos)Co(CO)Br]BPh, has been carried out. 

Experimental 

The ligand triphos [ 91 and the complexes [ (triphos)Co@-X)&o(triphos)]- 
(BPh&, X = Cl, Br, 151 were prepared by the methods previously described. 
All other chemicals were reagent grade and were used without further purifica- 
tion_ All the reactions were carried out under dry nitrogen, using deoxygenated 
solvents, and the complexes were dried in a stream of dry nitrogen_ 

Preparation of [(triphos)Co(CO)X]BPh., X = Cl, Br 
Carbon monoxide was bubbled at 0” C through a solution of the complex 

[(triphos)Co@-Cl)&o(triphos)](BPh,), (1 mmol) or the analogous bromo 
derivative in 50 ml of CK2C12. Butanol(20 ml) was added to the resulting green 
solution and a fast stream of nitrogen was passed through the solution until 
crystallization began. The crystalline green product was filtered off and washed 
with ethanol and ligh% petroleum ether. v(C0) = 2060 cm-’ for both com- 
plexes. 

Preparations of [(triphos)Co(CO)IlBPh, 
Cobalt(I1) iodide (1 mmol) in 10 ml of ethanol was added to a solution of 

the ligand triphos (1 mmol) in 30 ml of CH&ll. Carbon monoxide was bubbled 
at 0” C through the solution, which suddenly turned green. After addition of 
1 mmol of NaBPh, and evaporation of the solvent in a stream of nitrogen green 
crystals separated. Samples of this compound obtained from several prepara- 
tions were always a mixture of [ (triphos)Co(CO)I]BPh, and [(triphos)Co- 
(CO).]BPh.. as shown by elemental analysis, magnetic measurements, and by 
the infrared spectrum, which shows, besides the band at 2050 cm-’ attributable 
to the CO stretching frequency of the complex [(triphos)Co(CO)I]BPh4 (see 
below), two bands at 2030 and 1972 cm-’ of the two CO stretching frequences 
of the cobalt(I) complex [(triphos)Co(CO),]BPh, [33. 

Preparation of [(triphos)Co(CNCy)X]BPhQC6H6, X = Cl, Br 
The complexes were prepared by a method analogous to that used for the 

above compounds, by using CNCy in place of CO. The green complexes were 
recrystalliied from methylene chloride, benzene and ethanol. v(CN) = 2195 
cm-’ for both complexes. 

Physical measurements 
Infrared and electronic spectra, conductivity and magnetic susceptibility 

measurements were recorded as previously described [ 111. The analytical and 
magnetic data of the complexes are reported in Table 1. Table 2 lists the elec- 
tronic spectral data. 
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TABLE 1 

ANALYTICALAND MAGNETICDATAFOR THECOMPLEXES 

Compound Found(czdcd.)(%) &ff 
(293 K) 

C H co .Cl N PB 

[(triphos)Co(CO)Cl]BP~ 73.79 
(74-34) 

[(triPhos)Co(CO)Br]BPhq 71.09 

(71.37) 
[(triphos)Co(CNCy)CllBP~-C6Hg 77.20 

(76.44) 

[<triphos)Co(CNCy)Br]BPb-C6H6 73.97 

(73.76) 

5.76 5.45 3.70 1.86 

(5.58) (5.53) (3.32) 
5.47 5.05 2.00 

(5.35) (5.30) 

6.36 4.73 2.92 1.06 1.82 

(6.25) (4.80) (2.89) (1.14) 

6.11 4.43 1.16 1.97 

(6.03) (4.64) (i.10) 

Collection and reduction of X-ray intensity data 
The crystal used, very irregularly shaped, had dimensions 0.34 X 0.25 X 0.22 

mm. The crystals belong to monoclinic system with-extinctions (tZOl with h odd 
and Ok0 with k odd) characteristic of the space group P2Ja. Unit cell param- 
eters were determined from a least-squares refinement of the setting angles of 
24 reflections carefully centered on a Philips PW 1100 automatic diffractom- 
eter. The unit cell dimensions are a 20.255(8), b 20.664(g), c 13.301(5) .L%; p 
97.24(5)” _ The observed density of 1.33 gcmm3, measured by flotation, agrees 
with the value of 1.338 gem -3 calculated for four formula units [ (triphos)Co- 
(CO)Br]BPh, per cell. 

Data collection was carried out using MO-& (X 0.7107 A) radiation mono- 
chromatized by a graphite crystal at a take off angle of 3.5” _ Reflections within 
20 G 45” were collected using the w - 20 scan technique. The scan range was 
calculated according to the formula of Alexander and Smith [ll]) scan range = 
A + Btanf3 with A = 0.8 and B = 0.69. The scan speed was 0.08” per second, sta- 
tionary background measurements were taken before and after each scan for a 
time equal to half the scan time. The intensities of three standard reflections 

(Continued OR p_ 284) 

TABLE 2 

MAXIMA AND EXTINCTION COEFFICIENTS FOR THE ELECTRONIC SPECTRA OF THE 

COMPLEXES 

Compound Absorption Ma~~cm-~ 
<E&f for solutions) 

[(tziphos)Co(CO)CI]BPh.q A 8350.15.150. 25.000 sh 
B 8450(200).15.400(969) 

~(tiphos)Co(CO)BrlBP& A 8050,14.900.26,000 sh 

B 8350(145).15.250(810).27.000sh 
[(triphos)Co(CO)IlBP~ A 7800.14.700.25.000sh 

B 8050.15.150 
C(tziphos)Co(CNCy)CllBP~ A 8500.14.700.25.000sh 

B 8450(168).14.700(918) 
[(triphos)Co(CNCy)BrlBP~ A 8300.14.500.26.000 sh 

B 8300(174).14.500(964).25.000sh 

u Key: A,solid:B.l.2-dichIoroethauesolutIon. 
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measured every 90 minutes showed no systematic trend. 
After correction for background the intensities were assigned standard devia- 

tions calculated as described elsewhere [ 121 using the value of 0.0,5 for the 
instability factor K. 3648 reflections having I >, 30(I) were considered observed 
and included in the following calculations_ The data were corrected for 
Lorentz-polarization effects but no absorption correction was applied, the 
linear absorption coefficient p being 11.3 Cm-‘. 

Solution and refinement of the structure 
Calculations were carried out on a CII 10070 computer using the SHELX-76 

programs [13]. Scattering factors were taken from ref. 14. The structure was 
solved by the heavy atom technique. The position of the bromine and the 
cobalt atoms were derived from the Patterson function. All the other non-hy- 
drogen atoms were located from successive Fourier maps. Full-matrix least- 
squares refinements were carried out, the function minimized being Z;w( lFol - 
IF, 1)‘. The weights w were taken as l/o*(F,J The agreement factors R and R, 
aredefinedasR = C ilFOi - IF,II/~i1,,I and& = [Cw(lF,,l - lF,l)*/ 
ZwFa] . ‘I* Anisotropic thermal parameters were used only for the atoms 
wihin the coordination sphere. The carbon atoms of the phenyl ring were 
treated as rigid groups of 0 6h symmetry with C-C 1.395 d and individual 
thermal parameters. A few cycles of refinement lowered the R factor to 0.066. 
At this point the hydrogen atoms were introduced in calculated positions with 
C-H invariant at 1.08 A. Two final cycles lowered the R and R, factors to 
0.057 and 0.059 respectively. Final positional and thermal parameters are listed 
in Tables 3 and 4. 

Results and discussion 

Pammagnetic carbonyl complexes of cobalt(II) are very rare: the only para- 
magnetic complexes of this type so far isolated are the carbonyl complexes of 
cobalt(R) with halides and trietllylphosphine the five-coordinated stereochem- 
istry of which was deduced from indirect evidence [6]. 

Cur results show that carbon monoxide reacts readily at 0°C and 1 atmo- 
sphere with the dimeric complexes [(triphos)Co@-X),Co(triphos)](BPh.),, X = 
Cl, Br, giving crystalline compounds of formula [ (triphos)Co(CO)X]BPh,. The 

[ (triphos)Co(Ct-X)#,o(triphos)] (BPh4)* + 2 L “z:z: [ (triphos)CoLX] BPh4 

analogous cyclohexyl isonitrole derivatives were prepared using cyclohexyl iso- 
nitrile, CNCy, in place of carbon monoxide. The iodo-deriv&ive [(triphos)Co- 
(CO)I]BPh, was prepared by treatment of CoI, and triphos with carbon 
-monoxide and NaBPh., *. However the samples of this complex obtained from 
several preparations always contained the cobalt(I) complex ](triphos)Co- 
(CO),] (BPh,) in variable amounts 131. The formation of small gmounts of this 
cobalt(I) carbonyl derivative also takes place when carbon monoxide is bubbled 
through solutions of the bromo and chloro derivative for a long time (>2 h) at 

* The dimeric iodo complex L(tripho+jCo~-12jCo<triphosjl(BPh,j, could oat he prepared. 
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a temperature >4O”C. The amounts were larger for the chloro derivative, show- 
ing that reduction of the cobalt@) is favoured .by the presence of easily 
oxidable anions (I >> Br > Cl)_ Similar behaviour has been previously observed 
in other reactions [7,15]_ 

AU the complexes are soluble in methylene chloride, 1,2&chloroethane and 
acetone, and the konitrile derivatives are also soluble in benzene_ 

The [(triphos)Co(CO)X]BPh, complexes slowly decompose in air, both in 
the solid state and in solution. If nitrogen is passed through the deoxygenated 
solution of such complexes above 40°C carbon monoxide is slowly displaced 
from the complexes and the compounds [(triphos)CoX] 1151 are formed. The 
cyclohexyl isonitrile derivatives are air stable. 

All the complexes are pammagnetic with peff, at room temperature, in the 
range 1.82-2.00 ,!~a indicative of a doublet ground state. The complexes are 
1 : 1 electrolytes in 1,2-dichloroethane. 

The IR spectra, both in the solid state (Nujol mulls) and in methylene chlo- 
ride solution, show a strong v(C0) band at 2050-2060 cm-’ for the carbonyl 
derivatives and a strong v(CN) band at 2195 cm -I for the cyclohexyl derivatives. 

The electronic spectra of the compounds are summarized in Table 2. The 
reflectance spectra are closely similar to the corresponding absorption spectra 
in 1,2dichloroethane. A bathochromic shift is observed on going from the 
chloro to iodo derivative. Replacement of carbon moncxide by cyclohexyl iso- 
nitrile does not produce significant changes in the spectra. The spectra are fully 
comparable with those of other five-coordinated low spin d’ complexes with 
intermediate geometry [ 161. 

The molecular structure of the complex [(triphos)Co(CO)Br]BPh, consists 
of discrete [(triphos jCo(CO)Br] * cations and BPh4- anions. Figure 1 shows a 
perspective view of the cation. Bond distances and angles with their estimated 

Fig. 1. Perspective view of the [(triphos)Co(CO)Br] c cation. 
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standard deviations are given in Table 5. The metal a&m is coordinated by the 
three phosphorus atoms of the triphos ligand, by the bromine atom, and by the 
CO group. The coordination geometry may be regarded either as a distorted tri- 
gonal bipyrarnid with P(3) and CO at the axial positions (P(3)--co-C0 angle 
173.0(l)“) or as a distorted square pyramid with P(2) in the apical position. On 
the latter view the metal atom lies 0.44 A above the basal plane while the apical 
Co-P bond distance is longer than the basal bonds. This lengthening is a com- 
mon feature of low spin square pyramidal cobalt(II) and nickel@) complexes 
and may be simply attributed to the steric properties of the d electrons [17]. 
The values of the Co-P bond distances, ranging from 2.241(2) to 2.290(3) L% 

TABLE5 

SELECTEDBONDLENGTHS(A)ANDANGLES(deg) 

Aboutthemetzdatom 

Co-Br 

Co-P<l) 
co-P(2) 

P<lI-co-P(2) 
Pw-a-P<3) 
P(Zt-co-P<3) 
P<lflo-Br 

Pw-Co-C 
P(2+Co-Br 

B-CG2) 
B-4X48) 
C<42)_B-C<48) 
C(42)_B-C<54) 
C<42I-B~<60) 

2.372(l) 

2.241(2) 
2.290(3) 

94.4(l) 
89.4(l) 
89.+(l) 

140.9(l) 

32.5(3) 
124.7(l) 

1.836<7) 
1.804<6) 
1.842(6) 
1.861<7) 

1.810<6) 
l-842(6) 
1.841<7) 

109.9<3) 
112.6<2) 
120.1<2) 
109.5(3) 
102.2<3) 
101.7<2) 

111.5<3) 
117.2<2) 
116.1<2) 
104.3<3) 

104-S(3) 
101.4(3, 
111.8(3) 

114.8(2) 

1.66(l) 
1.68<1) 

110.6(6) 
105.0<6) 
111.2<6) 

co-P(3) 
Co-C 
C-O 

P~2)--co-C 
P<3)--Co-Br 

P<3)--co--c 
BIZ-Co-C 
Co-C-0 

B-C<54) 
B-'X60) 
C(48)_-B-c<54) 
C<48)-B--ct60) 

C<54)--B--c<60) 

2.259<2) 

1.795(S) 
1.134(S) 

97.2<3) 
90.7<1) 

173.0(3) 
83.5<3) 

174.8<6) 

1.839<6) 
l-823(6) 
1.57<1) 
1.54(l) 

1.55(l) 
1.55(l) 

119.7<2) 
106-S(3) 
102.3(2) 
99.9<2) 

108.6<6) 
106.5<7) 

106.8(6) 
111.8<6) 
112.6(7) 

110.3<7) 
119.0(5) 
117.0(5) 
117.9<5) 

1.71<1) 
1.68(l) 

lOSS(6) 
106.6<6) 
113.1<6) 
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are comparable with those reported for other fivecoordinate cobalt@) com- 
plexes where the triphos ligand is involved [ 5,181. For the Co-CO bond dis- 

tance of l-795(9) L% there are no other cobalt@) carbonyl complexes for com- 
parison; however it appears rather long compared with the values of 1.73(l) 
and l-63(2) a reported for the five-coordinate cobalt(I) carbonyl complexes 
[Co(3-3-P,)(P(OMe),)CO]+ and [Co(np,)CO]+, where 3-3-P3 and np, are PhP- 
(CH,-CH,-CH,-PPh,), and N(CH,-CH,-PPh,),, respectively [19,20] _ This 

fact together with the value of the C-O bond distance of l-134(9) A is indica- 
tive of a weak metal-carbonyl bond. The C-O bond distance however, has not 
been corrected for possible Iibrational shortening. Indirect evidence for the 
weakness of the metaI--carbonyI interaction is provided by the very high value 
of the stretching frequency of 2060 cm-’ compared with vahres of 1935 and 
1930 cm-’ reported for the two cobalt(I) complexes mentioned above [ 19,201. 

The lability of the Co-CO bond in these complexes, which may be com- 
pared with that in the copper(I) carbon monoxide adducts [21], makes these 
molecules potentially suitable for carbon monoxide activation in catalytic pro- 
cesses. 
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