
89 

Journal of Organometallic Chemistv, 104 (1976) 89-98 
@ Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 
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ISOCYANIDE)COBALT(I)* 
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(Received June 12th, 1975) 

Trialkylphosphites readily replace aromatic isocyanide ligands in [Co- 
(CNR),] X (X = C104, BF4) to yield [CO(CNR)~ {P(OR’),},] X. The isocyanides 
R = -C,H,, --C,IL,F-p, --c&Cl-p, -C,&Br-p, -CsHJ-p, --CJI&H3.-p, and 
-C,H,(CH,),-2,6; and trialkylphosphites R’ = -CH3, --CH&H,, and -CH(CH& 
have been investigated. Reactions and products show no sensitivity toward ox- 
ygen or water. The -N=C infrared, ‘H-NMR, and “Co-N&R seem compatible 
with regular trigonal bipyramidal structure in solution and distorted trigonal 
bipyramidal structure in the solid state. 

Introduction 

Growing research interest has developed for trialkylphosphite substitution 
in cobalt(I) complexes. A number of five-coordinate Co’ complexes containing 
carbonyls and trialkylphosphites have been reported. Substitution of COAX 
with excess P(OR’), has resulted in [ Co(CO), {P(OMe),} a1 BPhj, [Co(CO) {P- 
VW&l BPh, I?1 and [Co(CO),{P(OCH,),CEt),]BPh4, [Co(CO){P(OCHz),- 
CEt),] BP& [ 2,1], while using stoichiometric amounts of P(OCH3)3 resulted in 
the dimeric (Le., cobalt(O)) complexes: [CO,(CO)~_,{P(OCH,)~),], n = 1,2,3 
[ 33. An acyl derivative, [CH,CGCo(CO),{P(OMe),}2], was obtained with large 
excess (i.e., 10/l mole ratio) of P(OCH3)3 [l]. Hydride derivatives are also 
known; as e.g., [HCO(CO),{P(OCH,)&E~}~] [4,2] and [HCo(CO){P(OCH,),- 
CEt}3] [a]. The complexes [Co(CO), {PhP(OEt), j3] BPh4 and [COIN- 
{PhP(OEt);z}2] have been prepared [ 53 by substitution of CO into the atmo- 
sphere-sensitive [Co1 (PhP( OEt)* 14] BPh, . 

* Presented in part at the 29th Southwest Regional Meeting of the American Chemical Society. Dec- 
ember 1973. Abstract No. 183 (Inorg. Div.); and the 169th National Meeting of the American Chemi- 
cal Society. April 1975. Abstract No. 59 (Inorg. Div.). 
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The complexes, [ CO(CNR)~ {PhP(OEt), }2] Cl04 ; R = -GH,- , -C6H4CH3-P, 
-CJ&OCH3-P, --CJI&H3-o, --&HI I,-- C6H3(CH3)z-2,6; and [Co(CNR),{P- 
(OCH,)JJ Cl04 ; R = --CbH5, -C,&N02-p, -C,H,(CH,),-2,6; have recently 
been prepared and characterized [ 51. Preparation was by isodyanide reaction with 
[CoX{PhP(OEt),},] C104, X = Cl, Br, I; or, reaction of anhydrous cobalt(H) 
chloride, PhP(OEt)z or P(OCH&, and the isocyanide in ethanol in l/3.5/2.5 
mole ratio, respectively. The exceptional compound, [CO(CNC&NO~-~)~- 
{PhP(OEt)&] Cl0 4, was prepared under reaction conditions producing 3/2 
isocyanidephosphonite complexes with the other aromatic isocyanides [ 51. 
This present study reports trialkylphosphite, i.e., P(OCH,), , P(OCH,CH,), , 
and P{OCH(CH 3 2 3, substitution in pentakis(aromatic isocyanide)cobalt(I), ) } 
in excess amount (10/l molar ratio) and very short reaction time. The synthesis 
and initial characterization of [CO(CNC,H&~-~)~{P(OCH~},] BF4 has already 
been reported by the author [6]. 

Pentakis(trialkylphosphite)cobalt(I) is also well-established, being charac- 
terized by [CO{P(OCH~)~CCH~)~]’ 171, [Co{P(OCH),(CH,),},]’ [8,9], [Co(P- 
(OCW3M’ CLf@JOl, CCOEP(OCH,),~,CP(OCH,),CC*H~},I’ 111 and ICo- 
{P(OC+H,),},]’ [ 111. Reaction of [Co {P(OCH,),},] BF? with aromatic iso- 
cyanide is an alternate method of preparation for [CO(CNR)~{P(OCH,)&] BF, 
[lo]. Five-coordinate cobalt(I) complexes with trialkylphosphite ligands have 
already been partially investigated, therefore, though not as extensively as 
cobalt(I) complexes with trialkyl- and triaryl-phosphine ligands. 

Experimental 

Pentakis(aromatic isocyanide)cobalt(I) perchlorate and tetrafluoroborate 
were prepared as previously described [12,13,6]. Commercial trialkylphosphites 
were vacuum distilled under vigorous stirring. Anhydrous diethyl ether was fil- 
tered through an alumina column immediately before use; nujol was dried over 
CaCl, . Proton-NMR spectra were recorded on a Varian A-60 or HA-100 at am- 
bient temperature in 99.8% CDC13 using CHzClz as secondary internal reference 
(6 5.28). Infrared spectra were recorded on a Beckman IR-7 in nujol mull or 
CHzClz solution (4-570) using 0.1 mm pathlength NaCl cells. Electronic spectra 
were measured in CH&lt solution (-lo-’ M) using a Cary Model 14 spectro- 
photometer. The “Co-NQR signals were measured on room-temperature poly- 
crystalline samples (0.8-2.0 g) using a coherency-controlled superregenerative 
spectrometer following the design of Peterson and Bridenbaugh 1141 but modi- 
fied to operate with maximum sensitivity over the range 3-50 MHz. This in- 
strument in Professor M.J.S. Dewar’s research laboratory is described elsewhere 
[ 151. Elemental analyses were performed commercially. 

Preparation of [CO(CNR),{P(OR’)~},]X 
General preparation of the [Co(CNR),{P(OR’),},] X complexes followed 

the procedure described for [Co(CNC&Cl-p),{P(OCH,),},] BF, [6]. A O-50- 
2.0 g sample of [CO(CNR)~] X was dissolved in 1.5-5.0 ml CH,C12 and filtered 
through cotton. Trialkylphosphite in 10/l molar ratio was added rapidly drop- 
wise, immediately followed by dropwise addition of diethyl ether to effect pre- 
cipitation (5:0-15.0 ml)_ The light yellow crystals were thoroughly cooled in ice, 
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filtered, and dried under suction/air. A second crop could often be obtained 
upon adding more ether. Crude product was recrystallized from CH;Cl,/ether. 
Yield: 55-70s. 

Alternate preparation of [CO(CNC~H~)~{P(OCH~)& C104 
A 0.30 g sample of [Co(CNC,H,),] C104 was dissolved in 7.0 ml CH30H 

and filtered. Then 0.55 g P(OCH,),(l) was added rapidly dropwise while the solu- 
tion was being stirred. Approximately 1.0 ml distilled water added slowly drop- 
wise effected precipitation_ Recrystallization from CH,ClJether was preferable 
to CH,OH/water. Yield: 60%. 

Alternate preparation of [Co(CNC,H4Cl-p),{P(OCH,CH,),), JBF4 
A 0.50 g sample of [ CO(CNC,T&CL-~)~] BF, was dissolved in 2.0 ml CH2ClI_, 

filtered, and treated with 1.00 g P(OCH,CH,),(l) added dropwise. This solution 
was stirred 8.0 h at 25°C before precipitation by dropwise addition of 12.0 ml 
diethyl ether. Crude product was recrystallized from CH,Cl,/ether. Yield 65%. 

Results and discussion 

The complexes prepared in this study are summarized in Table 1. All are 
pale-yellow crystalline solids with faint odor of tri.alkylphosphite_ No significant 
difference for ClO,- or BF,- salts could be observed. Melting points, which are 
approximate due to gradual discoloration over a temperature range before well- 
defined decomposition, indicate reasonable thermal s’tibility. Pyrolysis of the 
free isocyanides would take place at lower temperatures. 

The -N=C infrared frequencies (nujol, 25°C) for these complexes are sum- 
marized in Table 2. The pattern of one very strong, broad band (2065-2095 cm-‘) 
with a higher and lower energy shoulder is maintained for all complexes, in solu- 
tion as well as solid state, although in solution the two weak bands are less pro- 
nounced. The CH&12-solution IR spectra for [CO(CNR)~{P(OR’)~},] can prob- 
ably be viewed as containing single -N=C fundamental stretches, and thereby 
compatible to DSh symmetry. Treating extra but weak IR bands commonly seen 
for five-coordinate cobalt(I) complexes as nonfundamental absorptions seems to 
be standard practice [ 5,161. In solid state [Co(CNR), {P(OR’)3},] X are probably 
distorted trigonal bipyramidal structures. Besides the -NS IR being in apparent 
conflict with D,, symmetry, the “gCo-NQR asymmetry parameters (17) are too 
large for regular trigonal bipyramidal coordination [ 171. S-Once almost any dis- 
tortion will lower the symmetry of a trigonal bipyramid, it should be expected 
that the bulky ligands in [Co(CNR), ~(OR’),},]’ show some deviation from DSh 
behavior. Drastic distortions of bond lengths and angles from idealized trigonal 
bipyramidal structure - including significant non-linearity of Co-N and 
CSN-C bonds - have been observed in all pentakis(aromatic isocyanide)cobaIt(I) 
complexes investigated: [Co(CNC,H,),] ClO, - HCC13 [lS] (squarepyramidal), 
[Co(CNC,HS),] C104 119,171, [Co(CNC,H&l-p),] BF4 [20] and [Co(CNC&H,- 
{CH31,-2,4,6),] ClO, [21] _ An X-ray structure is being performed on a single 
crystal of [CO(CNC,H,F-_U)~{P(OCH~)~),] BF, [19], but results are not yet 
available. 

The dominant v(CN) in [ Co(CNR), {P(OR’),),] X is at lower energy than 
(continued on p_ 94) 
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TABLE 2 

INFRARED AND PROTON NMR VALUES FOR AROMATIC ISOCYANIDE-TRIALKYLPHOSPHITE 

COBALT(I) COMPLEXES 

Compound 

tCO(CN‘&H&l-413 

[CO(CNC&4Cl-4)3 

Isocyanide infrared (cm4 Ia 

2018 w&h). 2092 s(br). 2154 w&b) 

2016 r&h). 2080 s. 2145 xv&b) 

2018 w&b). 2065 s(br). 2134 m&b) 

2055 v&b). 2095 s(br). 2157 w(sb) 
2015 w(sh). 2090 s. 2150 vw(s.b) 
2010 w(sh). 2083 s. 2188 m 

2002 m, 2093 s. 2152 vw(sb) 

2044 m&h). 2094 s(br). 2152 vw(sb) 
2005 wfsh). 2072 s(br). 2140 w(sh) 

a Symbols used: w. weak; YW. very weak: m. medium: s. strong: sb. shoulder: br. broad. b Symbols used: 
s. singlet: d. doublet: t. triplet: 6 1.61. components of AB pattern; (II). number of apparent peaks in 
partially-resolved multiplet. 

in the corresponding [CO(CNR)~] X 1133 (e.g., 2065-2092 cm-’ vs. 2110-2120 
cm-‘, for R = -C,H,Ci-I,), suggesting increased x*-electron acceptance and/or 
decreased o-electron donation by the remaining ENR when two isocyanides 
are replaced by trialkylphosphites. This is in agreement with the general conten- 
tion that trialkylphosphites are stronger o-donating and weaker n* -accepting 
ligands than aromatic isocyanides. Decrease in v(CN) is observed upon sub- 
stituting R’ = -CHB, to -CH,CH,, to -CH(CH3)* in [CO(CNG,H~CL-~)~ {P- 
(OR’),},] X (i.e., Y(CN) = 2092,2080, 2065 cm-’ , respectively). This is in good 
accord with increasing electron releasing ability (based on induction) -CH, < 
-CH2CH3 < -CH(CH 3 ) z, which renders the phosphorus more o-donating and 
less n* -accepting. Decrease in v(CN) for CNC,H, {CH,} 2 -2,6 relative to CNC6H5 
(Le., 2072 vs. 2093 cm-‘) was also observed; this has been explained as steric 
effect [5]_ 

Proton-NMR data for [CO(CNR)~ ~(OR’)&]’ are summarized in Table 2 
and some important spectra are pictured in Fig. 1. The ‘H-integrations give 
excellent confirmation of the elemental analyses. The aromatic protons for the 
most part give an AB pattern despite the real AA'BB' nature. Aromatic proton 
frequencies in [Co(CNR),p(OR’),),] X tend to be shifted upfield relative to 
CNR and to [Co(CNR)s] X Cl33 or are approximately the same as the free li- 
gand [13]. In [Co(CNR),{P(OCH,),}J + a single aromatic frequency is observed 
with CNC6H4CH3-p, while in [Co(CNR),] + the para-substituent electronically 
equivalent to coordinated -NS was bromine 1131. This again indicates in- 
creased electron density about the -N=C- i.e., decreased o-donation and in- 
creased rr*-acceptance 1 in [Co(CNR),(P(OR’),},] X over [CO(CNR)~] X. Co- 
ordinated P(OCH3)3 is virtually coupled into l/2/1 triplets in the same manner 
for all [Co(CNR),{P(OCH,),},]’ complexes and shows little variation in fre- 
.quency (i.e., 6 3.81-3.87). Coordinated P(OCH,CH,), is also best explained in 
terms of virtual coupling, but the lone proton in coordinated P(OCH{CH3)& 
is insufficiently resolved to confirm virtual coupling. The coordinated trialkyl- 

-. 
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Proton NMR spectrumb 

CNC&&X P(OR’)3 
1 
H-Ratio: CNR/P(OR’)s 

6 7.38, 62 I 7.32 6 3.85 (t; J. 6.0 Hz) 3.00/1.98 
6I 7.38, 62 7.27 6 4.18 (9) 6 1.33 (t; J. 7.0 Hz) 3.00/1.98 
31 7.41.62 7.31 6 4.80 (5) 6 1.30 (d; J, 6.0 Hz) 3.OOJ2.06 
61 7.30. 62 7.06 (8:5,3) 6 3.81 (t;J, 6.0 Hz) 3.OOf2.00 
6 7.54. 62 1 7.23 6 3.82 (t; J. 6.0 Hz) 3.0011.96 
61 7.76.32 7.10 d 3.84 (t:J. 6.0 Hz) 3.00/1.93 
6 7-38 (s) 6 3_87<t: J, ti.OHz) 3.0012.02 

S 7.20 (s) 6 2.36 (s) S 3.84 (t: J. 6.0 Hz) 3.00/2.04 
6 7.15 (s) 6 2.44 (s) B 3.82 (t: J. 6.0 Hz) 3.0011.98 

phosphites exhibit downfield shifts relative to free ligand values. The NMR be- 
havior (i.e., virtual coupling) suggests tram position for the phosphite ligands 
[ZZ] and isocyanide ligands equivalent on the NMR time scale. 

Cobalt-59 nuclear quadrupole resonance measurements for selected [Co- 
(CNRL {P(OR')3~21X complexes are tabulated in Table 3. Signal and coupling 
constant vaIues are intermediate to those for type I [l&13] (typical signal: 
30.827,20.531,10.445 MHz; couplmgconstants, 143.8-144.7 MHz; ~,0.048- 
0.066) and types III [12,13] (36.692, 24.193,13.284 MHz; 171.3-171.7 MHz; 
0.155-0.162) and IV 1231 (37.432, 241742, 13.349 MHz; 1’74.6-175.3 MHz; 
0.128-0.144) [Co(CNR),] X complexes [17]. These coupling constants are 
higher than those for [Co(CO),{P(OCH,),),] BPh4 (136.1 MHz) and [Co{P- 
(OCH,),},] BPh, (153.7 MHz), and rank with the highest values observed for 
[Co(CO),X], 97-i62 MHz; X = SnCl:, (161.45 MHz), SnBr, (159.88 MHz), SnI, 
(153.04 MHz), and GeC13 (161.48 MHz) [24]. At least some of the asymmetry 
parameters (q) are too large to be compatible with & symmetry about the 

TABLE 3 

COBALT NQR MEASUREMENTS FOR AROMATIC ISOCYANIDE-TRIALKYLPHOSPHITE COBALT(I) 

COMPLEXES 

Complex Signals (MHz) 9 coupling Constant 

(MHz) 

ICo(CNC&&I-4)3 

[CO(CNC6HqCl-4)3 

[Co<CNCeHqCl-4)3 
[Co (CNCeHqF-4)s 

34.33, 22.88. 11.51 

:“,:::k’%,“;‘h%O 
34.97, 23.225. 12.025 

34.073. 22.630. 11.565 
35.509. 23.666. 11.917 
34.298. 22.210. 14.686 

0.038 160.29 

0.034 163.25 
0.0925 159.40 
0.0925 163.35 
0.0721 159.04 
0.0418 165.759. 

0.303 161.503 
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cobalt, for which experimental Q values should approach zero indicating equiv- 
alent x and y axes. A value of q = 0.057 was measured for [CO(CNC~H~)~] ClO, 
l .HCCla Cl7 J, in which bonding along the 3c and y axes is similar but not identi- 
cal [lS], so experimental values for which 7 should theoretically be zero should 
be smaller than 0.06. (Experimental values of q = 0 would probably not be mea- 
sured.) No explanation can be offered for the anomalous values obtained for 
[ Co(CNC6H3 {CH,), -2,6)3 {P(OCH3)&] C104, other than obvious steric considera- 
tions. In other respects this complex is analogous to other compounds in this 
series. Correlation of increasing q values with greater pronouncement of the 
-N=C IR side bands, both suggesting departure from regular trigonal bipyrami- 
dal structure, could not be observed. 

Dichloromethane solution electronic spectra (25°C) in the region 5000- 
2250 a: [CO(CNC,I&C~-~)~] BFG (1.55 X 10” M); maxima, 3350 A (E = 
25,800), 2600 A (-45,000), 2350 A (-45,000); [Co{P(OCH,),},] BF4 (1.25 
X lOA M); 3780 A (810), 2980 a (3380), 2530 Pr (-6800), 2250 A (-6500); 
and [Co(CNC&&l-p),{P(OCHx),},] BF, (1.24 X lo-’ M); 3400 A (36,000), 
-2550 a (Gaussian resolution, E = 33,000), -2300 A (=37,000); are shown 
in Fig. 2. The 3780 A absorption in [CO{P(OCH~)~}~] BF, should be a crystal 
field band, probably the first spin-allowed transition ‘A’, [(e”)4(e’)4] + ‘E’- 

[ (e”)4(e’)3(ai)], while the other absorptions are probably metal-to-ligand charge 
transfer bands. The [Co{P(OCH,),},] BF4 transitions are significantly less in- 
tense than those for [Co(CNC&Cl-p),] BF4 and [Co(CNC,H,Cl-p),{P- 
(OCH3)3)2] BF, . Similarity in general appearance of the charge-transfer spectra 

suggests the same electronic transitions, possibly the three one-electron, sym- 
metry-allowed transitions from the highest energy filled MO, e’{do,sr} - arising 

principally from metal orbitals - into three of the four empty MO’s from equa- 
torial group-ligand T* orbit&, A;, E’, E”. (The fourth group-ligand orbital 

.. . . . . _____ . . . .._.......... .__ . . . . . _._ . . . . _ . . . . . . ..-............. . _. . . ._ . . . . . . . . . . . . . .._. . . . . . . 
WAVELENGTH 

Fig, 2.Solutionelectroni~~ectra~CH~Cl;?.25~C:right toleft. -wavelength 5000-2250& forselected 
aromatic isocyaGde_trialkylphosphite cobalt(I) complexes: [Co(CNC6H4Cl-p)51 BF .1.55 X 10" M 

(- );[Co~P(OCH3)3}~lBF~.1.25 X lo4 M<-- ---); 
1.24 X lo-' M (-----). 

and CCO<CNC+I~CI-P)~ P<OCH3)3}23BFq. 4 
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(I’,{eq}), A;, does not involve a symmetry-allowed one-electron transition 

from e’C&J - 1 

‘A’,I(e”Cd,})4(e’Cd,,,))41 + ‘E’I(e”Cd,3)4(e’Cd,,,})3(E’Ceq, IT* 31’1 
+ ‘E’C(e”Cd,3)4(e’Cd,,})3(A:Ceq, T* 11’1 
+ 1A;‘C(e”Cd,3)4(e’Cd,,~})3(EnCeq, n* 31’1 

These d, + ‘IT* transitions may be expected to be very intense and quite similar 
for trigonal bipyramidal [Co(CNC,I&Cl-p),] BF, and [Co(CNC&Cl-p),{P- 
(OCH,),},] BF4, but different in [Co (P(OCH,),},] BF, since the excited state 
would involve n*-orbitals of only the equatorial ligands. Other chtige-transfer 
transitions would also be possible. 

Electronic spectra for [Co(CNCH&] C104 (i.e. 35,600 cm-’ (2810 A), 
E = 7,000 and 43,700 cm-’ (2290 A), E = 10,500) have been assigned [25] as 
a d-d and d + n* transition, respectively, and this interpretation extended to 
spectra of selected ]Co(CNR’),{P(C,H,),},] PF 6 and [Co(CNR)3CP(C,H,)3}21PF6 

complexes [26] (representative spectra: -2700 A (E 2: 36,000), -2300 A 
(-50,000); and -3500 A (e = 35,000), -2800 A (-40,000), -2400 A (-74,000), 
respectively). While spectra of low-spin trigonal bipyramidal d* Ni(I1) complexes 
are characterized by an intense (e.g., E = 600 - 2300 [27] (aliphatic ligands), 
E = 900 - 6,000 [ZS] (aromatic ligands)) crystal field band, ‘A; [(e”)4(e’)4] + 
‘E’[(e”)4(e’)3(a~)], and a weaker, higher energy CF band, ‘A’, [(e”)4(e’)4] + ‘IT”- 
[ (e”)‘(e’)“(a; )I, which may be obscured by very intense charge transfer bands; 
data for [Co(CNC&Cl-I,),]BF,, [Co{P(OCH,),J,]BF’, and [Co(CNC!,HJZI-p),- 
{P(OCH,),},]BF, does not support assigning any of the three intense transitions 
as crystal field d-d bands. Room-temperature solution electronic spectra for 
[ CO(CNR)~] + and [ CO(CNR)~ iP(OR’)332] l complexes, the three higher energy 
transitions in [Co{P(OCH&},]BF4, and possibly also the spectra for [CO(CNR)~- 
{P(C,H,),},]PF,, all seem to be of the same electronic nature: d + T* charge-_ 
transfer bands. Not only does [Co {P(OCH&} 5] BF4(CH2C12) exhibit a lower 
energy, less intense absorption (i.e., 3780 A (E = SlO)), which is probably the 
sought-after d-d band, but the reflectance [ 291 and N,(l)-temperature mull 
[30] spectra for [Co(CNC,H,),] C104 exhibit a similar band albeit poorly re- 
solved. Assignment of these three intense absorptions as charge-transfer bands, 
with crystal field spectra obscured, seems reasonable. 

Reaction in CH,OH/water - which is more or less restricted to [Co(CNC,- 
H,),] X due to solubility - is less satisfactory than CH&lJether because the 
crystals are not as well formed, but no oxidation or other decomposition due 
to the direct presence of water can be detected. Extended reaction time appears 
to have no effect on the reaction of [Co(CNC,H&l-p),]BF, with P(OCH&H3)3. 
Dialkylphosphites do not readily replace aromatic isocyanides in [ Co(CNR),] X; 
only unreacted starting material was recovered when HP(OCH3)2 and HP(OCH2- 
CH,), were reacted with [CO(CNC,H&~-~)~]C~O~ under conditions analogous 
to trialkylphosphite substitution. Substitution reactions of [Co(CNR),]X with 
triarylphosphites; i.e., P(OC,H,), and P(oC&Cl-p), are dissimilar to trialkyl- 
phosphite substitution, and lead in general to complexes of the form, [Co- 
tCNRW(ORMX C311. 
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