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The preparation and properties of [CoL,]Cl, [CoClL,], [CoL,][B(C,H,),], [CoL,][CoCl,], and [CoL,B(C,H,),] are de- 
scribed (L = triethyl phosphite). The reaction of cobalt(I1) chloride and triethyl phosphite in the presence of triethyl- 
amine gave [CoL,]CI. It appears that two products previously formulated as [CoClL,] and [CoClL,] are respectively 
[CoL,]Cl and a salt [COL,] , - , [C~C~,]*-~ .  In the complex [CoL,B(C,H,),], one of the phenyl groups u bonded to boron 
appears to be bonded to cobalt. 
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The simple phosphite complexes of cobalt(I), CoX(phos- 
phite),, which have been reported are, with one exception, 
complexes of trimethyl phosphite or of sterically constrained 
polycyclic phosphites with nitrate, perchlorate, or tetraphen- 
ylborate counterions.' The exception is work b y  Vol'pin 
and Kolomnikov' who report the preparation of CoCl(trieth- 
yl phosphite), and CoCl(triethy1 phosphite),. Because of 
the potential for interesting catalytic properties in these 
complexes, we have investigated their report. Our study 
suggests that they did indeed obtain cobalt(1) complexes 
with phosphite ligands but that the products are derivatives 
of the [CoL,]' ion (L = triethyl phosphite). 

Although the experiments in ref 2 are reported in insuffi- 
cient detail to  be repeated with confidence, we have carried 
out procedures like those described and have obtained prod- 
ucts with similar properties. We isolated a yellow compound 
with moderate water stability and a peak at ca. 390 nm in 
the visible spectrum as reported for the [CoClL,] formula- 
tion.' We also isolated a green, water-sensitive compound 
with a peak at  ca. 390 nm as reported' for [CoC1L3]. The 
work described below shows that our yellow compound is 
[CoL, IC1 and that our green compound is [CoL,] [CoCl,]. 
It is likely that the yellow compound in the earlier work 
was also [CoLs]C1 and that the green compound was [Co- 
L5][CoC13] or [CoLSj2 [CoCL+]. We have prepared [CoCl- 
L3] and its properties, including its ease of conversion to  
[CoL,]Cl, indicate that it is unlikely that [CoClL4] was a 
product of the reaction described by  Vol'pin and Kolomni- 
kov. 
The Reaction of CoClz with Triethyl Phosphite 

Vol'pin and Kolomnikov treated C0C12 .6H,O in ethanol 
with triethyl phosphite and triethylamine to  prepare their 
yellow and green compounds. We have used dry C0C12 in 
place of the hydrate so that the amount of water in the 

(1) (a) S. Attali and R. Poilblanc, Inorg. Clzim. Acta,  6 ,  475 (1972); 
(b) J .  G. Verkade and T. S. Piper, Inorg. Chem., 2 ,  944 (1963); (c) 
T. Huttemann, Jr., B. Foxman, C. Sperati, and J .  Verkade, ibid., 4, 
951 (1965); (d) K. J .  Cockran, T. J .  Huttemann, and J. G. Verkade, 
Advan. Chem. Seu., No. 62, 590 (1966); (e) K. J .  Coskran, R. D. 
Bertrand, and J .  G. Verkade, J.  Amer. Chem. Soc., 89, 4535 (1967). 

170, 1321 (1966) .  
(2)  M. E. Vol'pin and I. S. Kolomnikov, Dokl. Akad. Nauk SSSR, 

mixtures could be controlled more easily. We have found 
that the rate of the reaction is quite sensitive to  the pres- 
ence of water. Under nominally anhydrous conditions the 
reaction is at best very slow. The reaction mixture remains 
dark blue-purple and clear for a t  least 24 hr at room tempera- 
ture. Addition of small amounts of water, up t o  ca. 3% by 
volume, produced increasingly rapidly a transition to  a 
cloudy green liquid followed by transition t o  a pale yellow 
liquid containing a large amount of dark flocculent precipi- 
tate. The green compound was obtained b y  interrupting 
the sequence when the liquid had become dark green and 
isolating the product. The yellow compound was obtained 
easily by  waiting until the green color had faded to  pale 
yellow. Figure 1 shows the 550-750-nm region of the spec- 
trum at ca. 0.1 M for the green compound isolated from the 
green reaction mixture, for a green compound obtained by 
adding cobalt(I1) chloride to the yellow compound, and for 
mixtures of tetraethylammonium chloride and cobalt(I1) 
chloride. It is clear that both green compounds contain 
the same chromophore as is obtained by  adding ionic chlo- 
ride to  cobalt(I1) chloride in a 1 : 1 ratio. It can also be seen 
that there is a clear qualitative difference between the spec- 
trum for 3: 1 chloride:cobalt(II) and 4: 1 chloride:cobalt(II). 
(The spectra of these systems are known to be dependent 
on the nature and concentration of the  anion^.^) Meakin 
and Jesson, have shown by  computer simulation of the low- 
temperature (ca. - 130') 31P nmr spectrum that our yellow 
compound contains the trigonal bipyramidal [CoL,]' cation. 
The ca. 390-nm peak observed in the spectrum of our yellow 
compound and in that described by  Vol'pin is very similar to  
that reported for [Co [P(OCH3)3]5}C104 . ld Preparation of 
asalt,  {co[P(OCH3)3 1512 [CO(N03)41,frOm ico[P(OCH3)3],)- 
NO3 and cobalt(I1) nitrate has also been described.Id 

It is thus clear that, in the synthesis procedure, [CoL,]Cl is 
the primary species produced and that interruption of the 
procedure before complete consumption of the cobalt(I1) 
chloride can permit the isolation of the green salts contain- 
ing [CoL, ]' and a chlorocobaltate anion. In principle either 

(3) (a) W. Libus, Rocz.  Chem., 36,  999 (1962);(b)  M .  Baaz, V. 
Gutmann, G. Hampel, and J .  R .  Masaguer, hi'onatSh. Chem., 93, 1416 
(1962) ; ( c )  D. A. Fine,J. Amer. Chem. Soc., 84 ,  1139 (1962). 

(4) J. P. Jesson and P. Meakin, J. Amer. Chem. Soc., in press. 
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Figure 1.  Cobalt concentrations were ca. 0.1 M i n  a 0.10-mm path 
length in acetonitrile: (A) green compound from CoCl,, L, and tri- 
ethylamine; (B) [CoL,][CoCl,]; (C) Et,NCl-CoCI,, 1 :1 ,  (D) Et,NCI- 
CoCl,, 2 : l ;  (E) [CoL,]CI-CoCl,, 2 : l .  

[CoL,] [CoCl,] or [COL~] ,  [CoCl,j could be isolated depend- 
ing on the details. The [CoL5][CoC13] compound is insolu- 
ble in benzene while [CoL,]Cl is benzene soluble. A solid 
can be obtained which gives the 550-750-nm absorption 
(Figure 1) indicative of 4:l  chloride:cobalt(TI). This can 
then be converted to  material with a 3: 1 ratio by washing 
with benzene. Although the simple trichlorocobaltate(II), 
K[CoCl,]> has been reported,' it is probable that, in our 
case, the cobalt(1I) remains four coordinate with the fourth 
site occupied by solvent. The green solids always show 
weak infrared peaks near 3300 cm-' assignable to  hydroxyl 
functions. 

If our formulation of Vol'pin and Kolomnikov's green 
product is correct: it is apparent that their observed mag- 
netic moment (pc = 2.74) is fortuitous in its agreement with 
that predicted for a tetrahedral ds cobalt(1) ion. Instead, 
the observed moment is that associated with the tetrahedral 
d7 cobalt(I1) in the anion somewhat diluted by  the presence 
of a diamagnetic cation. 

Preparation and Properties of [CoCIL3] 
Authentic [CoClL3] was prepared by heating [CoL,]Cl a 

little above its melting point under vacuum. About 40% 
weight loss occurred and large pale brown crystals were ob- 
tained from the residue by crystallization from pentane at 
cu. -35'. This material has properties consistent with the 
[COCK,] formulation. It  is paramagnetic with p,ff of 3.15 
as estimated by the Evans6 nmr method. This value is in 
good agreement with those reported for [COC~(PR,)~]  com- 
pounds7 and suggests that it is a tetrahedral complex. (The 
[Co(Ph,PCH,CH2PPh,),]X compounds are diamagnetic and 

( 5 )  I. V. Vasil'kova and G. M.  Barvinok, Chem. Abstr., 65, 9831f 

(6) D. F. Evans, J .  Chem. SOC., London,  2003 (1959) .  
( 7 )  (a) M. .4resta, hl. Rossi, and A. Sacco, Inorg. Chim. Acta,  3. 

(1966). 

2 2 7  (1969); (b) L. Sacconi and S. Midollini, J .  Chem. SOC., Dalton 
Trans., 1 2 1 3  (1972);  (c) G.  N. La Mar, E. 0. Sherman, and G .  A. 
F u c h s , J .  Coord. Chem.,  1, 289 (1971). 

are presumably square planar or square pyramidal com- 
ple xes .8) 

The assignment of the [CoClL,] formulation to this brown 
compound is encouraged by the observation that addition of 
2 equiv of triethyl phosphite to an acetonitrile solution re- 
generates [CoL,]Cl. Similarly, addition of triethyl phosphite 
to  an ethanol solution followed by addition of sodium tetra- 
phenylborate gave immediate precipitation of [CoL,] [B(C6- 
H5),]. However, addition of only 1 equiv of triethyl phos- 
phite t o  an acetonitrile solution of [CoClL3] produced a 
solution with a visible spectrum which was nearly a com- 
posite of the spectra of [CoL,]Cl and [CoClL3] indicating 
that [CoCiE4] is not a favored species under these circum- 
stances. Addition of triethyl phosphite to hexane or ben- 
zene solutions of [COCK3] produced very little color change. 
It was possible t o  obtain a moderate rate of reaction of [Co- 
C1L3] with an excess of L by  using as solvent 2 :  1 by volume 
tetrahydrofuran-ethanol or ether-ethanol. It was then pos- 
sible to  demonstrate that the rate of production of [CoL,]- 
C1 was dependent on the concentration of L (with constant 
initial [CoC1L3J concentrations). It was also possible to  de- 
monstrate that in the 2 :  l tetrahydrofuran-ethanol solvent 
the rate of formation of [CoL,]Cl was retarded by  cu. 0 . 3 M  
LiCl. The dependence of the rate on the concentration of 
L makes it unlikely that simple dissociation, [CoC1L3] =+ 
[CoL3]+ + C1-, is the rate-determining step. However, the 
strong dependence of the rate on dielectric constant and the 
retardation under some circumstances by added chloride do 
suggest that dissociation of chloride is important in the reac- 
tion. The following scheme is consistent with the qualitative 
observations above including the preparation of [L,CoCl] 
from [L,Co]Cl. 

L t [COCIL,] [COClL,I + [COL,]+ + C1 
-Ll l  tL 
[COL,]+ 

It would be reasonable to  expect the relative values of the 
rate constants and the concentrations of the intermediates 
to depend on the details of any specific situation. Verifica- 
tion and elaboration of the scheme will require quantitative 
rate data. 
Re para tion of [ CoL, B(C 6H 5)4 ] 

Addition of sodium tetraphenylborate to an ethanol solu- 
tion of [CoClL,] without prior addition of triethyl phosphite 
produced a precipitate only slowly, and examination of t h s  
material established that it was a mixture of [COL,] [B(C6- 
H,),] and an entirely new cobalt compound, [CoL,B(C,- 
H,),]. Tlus formulation is consistent with the spectral data 
and the elemental analyses. This compound, like the ana- 
logous rhodium compound [RhL,B(C&),] (L = trimethyl 
phosphte)' probably has one of the phenyl groups of the 
tetraphenylborate moiety 7~ bonded to the metal (see Figure 
3). The methylene regions of the 'H nmr spectra of tricthyl 
phosplute, [CoL5]+, and [CoL2B(C&5)/4] are presented in 
Figure 2 .  The complex pattern observed for [CoL2(BC6HS),] 
was identical at 60 and 100 MHz. It is interesting to note 
that the methyl groups in C5H,Co [P(OCH,),], are also ap- 
parently coupled to both phosphorus nuclei." These are 

(8) (a) A. Sacco, M.  Rossi, and C. F. Nobile, Chem. Commun., 
589 (1966); (b) P. Rig0 and M. Bressan, Inovg. Nucl. Chem. Let t . ,  9 :  
527 (1973). 

1406 (1969); (b) R. R. Schrock and J .  A. Osborn, Inorg. Chem., 9, 
2339 (1970). 

l (1971) .  

(9) (a) M .  J .  Nolte,  G. Gafner, and L .  M .  Haines, Chem. Commun., 

(10) V. Harder,  J .  Mueller, and H. Werner, Helv. Chim. Acta,  54, 
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Figure 2. 'H nmr spectra of the methylene protons of free and com- 
plexed triethyl phosphite. Peak positions are in hertz from internal 
tetramethylsilane at 6 0  MHz: (A) triethyl phosphite, (B) [CoL,][B- 
(C, H 5 )  ,I-DcCl3, (C) [COL, B (C H 5 )  4 1  -DCC1 ,. 

C6H5 ' 

Figure 3. Possible structure of [CoL,B(C,H,),]. 

apparently part of a growing list of first row transition metal 
complexes which exhibit virtual coupling." 

Experimental Section 
Commercially available materials were used without special 

preparation. Melting points are uncorrected. The nmr spectra were 
obtained with Varian 60- and 100-MHz instruments and a Bruker 90- 
MHz instrument modified for Fourier transform operation. Ele- 
mental analyses, electronic spectra (determined on a Cary 171, and 
proton nmr data are reported in Tables 1-111. 

All experiments were carried out in the absence of air. A nitrogen- 
filled glove box was used in most cases. No quantitative air sensitivity 
data were obtained. However, [CoClL,] seemed to be quite air sensi- 
tive while solid [CoL5][B(C,H,),] was much more resistant. 

28 ml of triethyl phosphite, 600 ml of anhydrous ethanol, 10 ml of 
water, and 7.8 g of anhydrous cobalt(I1) bhloride was prepared in a 
nitrogen atmosphere. A solution of 16 ml of triethylamine in 200 
ml of ethanol was added and the mixture was left overnight a t  room 
temperarure. The  precipitate was removed by filtration through 
Celite and the pale yellow filtrate was concentrated to dryness under 
vacuum. The residue was washed free of yellow color with ether 
leaving the amine hydrochloride behind. The filtrate was concentrated 
to dryness under vacuum. The residue was crystallized from dieth- 
yl ether or ether-pentane mixtures to  give 17.5 g of yellow crystals 
of pentakis(triethy1 phosphite)cobalt(I) chloride, m p  75-77' dec. 

This material was also prepared by reaction of 2 mol equiv of 
triethyl phosphite with [CoClL,]. To a solution of 1 g of [CoCl- 
[P(OEt),],] in 10 ml of acetonitrile was added 0.70 ml of triethyl 
phosphite. After 1 hr at room temperature the volatiles were re- 
moved under vacuum and the residue was crystallized from an ether- 
hexane mixture to give 1.5 g of yellow crystals. This material was 
recrystallized from benzene-hexane to give 1.3 g of yellow powder. 
The infrared (Nujol), the 60-MHz 'H nmr, and the visible spectra 
were the same as those of the material prepared from (EtO),P, Co- 
a,, and Et,N. 

Tris(triethy1 phosphite)cobalt(I) Chloride. A 15-g sample of 
[CoL,]Cl was warmed in an evacuated flask with a 90" oil bath for 
ca. 0.5 hr. The weight loss was 5.8 g or 39%. The weight loss in 
five separate experiments was 4 0  f 2%. 

The volatile material was recovered from the cold trap and 
shown to  be substantially triethyl phosphite by comparison with 
the infrared and 'H nmr spectra of authentic material as well as by 

Pentakis(triethy1 phosphite)cobalt(I) Chloride. A solution of 

(1 1 )  G. W. Parshall, J.  Amer. Chem. SOC., 9 6 ,  2360 (1974). 

Table I. Elemental Analyses 

C H Co c1 
[CoL,]Cl found 38.96 8.00 6.46 4.04 
10 H'8 5 15  ' 5  cOcl 38.94 8.17 6.37 3.83 

[CoL,][CoCl,] found 34.12 7.36 11.65 10.57 
' 3 0  H75° 1 SpScoZc13 34.15 7.17 11.17 10.08 

[CoL,][B(C,H,),] found 53.37 8.00 5.01 
CS4H95015PSCoB 53.65 7.92 4.89 

[CoL,B(C,H,),] found 60.60 7.23 8.52 
c36 HS0°6P,CoB 60.86 7.09 8.29 
[CoClL,] found 36.15 7.35 10.06 6.33 
C,8H450,P,CoC1 36.46 7.65 9.94 5.98 

Table 11. Electronic (Visible) Spectra 

Absorption 

Compd Solvent nm ( E )  

[ COL, I c1 CH,CN 386 (1.0 x 10,) 
[CoL51[B(C6H5) 1 CH,CN 3 9 o ( i . o x  107 
{Co[P(OCH,),],~[B(CgH,,;1" CH,CN 380 (1.1 X l o 3 )  
~CO[P(OCH,),l, KlO,  CHzC1, 382 (1.0 X 10,) 
[CoL5 1 [ coc1, 1 CH,CN 392 (9.4 X 10') 

588 (4.0 X 10') 
660 sh (4.4 X 10') 
685 (5.5 X 10') 

[ COClL,I Hexane 437 (38) 
774 (1.9 X 10') 

[c0L2 B(C6 H 5  )4 1 CH,CN 415 (9.8 X 10') 

a Sample prepared from Co(C,H,,)(C,H,,), (CH,O),P, and HCl.', 
b Value reported in ref Id. 

vpc. Both ir and vpc showed the presence of a few per cent ethanol. 

tallized. It was recrystallized from pentane at  -35" to give 6.6 g 
of large brown crystals, mp 50-5 1". 

An attempt to  record the 'H nmr spectrum showed that the 
only signal was a broad peak ca. 390 Hz downfield from internal 
tetramethylsilane, but the silane was shifted relative to external 
silane. An approximate xm at 314°K was then obtained by the 
Evans6 method, xm = 3630 X emu. A correction of -389 X 

emu for the diamagnetism of the ligands gave xm' = 4019 X 
lo-" emu or peff = 3.15 BM. This is in good agreement with the 
values reported for tetrahedral cobalt(1) chloride with arylphos- 
phine ligands. 

Pentakis(triethy1 phosphite)cobalt(I) Tetraphenylborate from 
[CoL,]Cl. A solution of 2.0 g of [CoL5]Cl in 20 ml of ethanol was 
mixed with a solution of 0.8 g of sodium tetraphenylborate in 10 ml 
of ethanol. A yellow precipitate formed immediately. It was col- 
lected and washed with ethanol to give 2.1 g of product. This was 
crystallized from methylene chloride-pentane-ether, mp 148-152" 
dec. It can also be crystallized from ether or from acetone at -35". 

From [CoClL,]. A solution of 0.12 g of [CoCIL,] in 0.5 ml of 
ethanol was prepared and 0.078 ml triethyl phosphite was added. 
The red color almost completely disappeared leaving a yellow amber 
solution. A solution of 75 mg of sodium tetraphenylborate in 0.5 
ml of ethanol was added. A yellow precipitate formed immediately. 
The solid was collected, washed, and dried: 0.22 g; mp ea. 150" 
dec, which was undepressed by mixing with material prepared above. 
Also the ir (Nujol), ' H  nmr, and visible spectra matched those of ma- 
terial prepared as described above. 

Bis(triethy1 phosphite)cobalt(I) Tetraphenylborate. To a solu- 
tion of 8 g of [CoClL,] in 25 ml of anhydrous ethanol was added a 
solution of 5 g of sodium tetraphenylborate in 50 ml of ethanol. 
There was no immediate formation of precipitate. After 6 hr at 
room temperature, brown solid had formed. The mixture was cooled 
to -35" and the solid (9.1 g) was collected. The ' H  nmr spectrum 
of the crude material had an apparent lopsided "quartet" at ca. 1.2 
ppm, a complex multiplet at ea. 3.9 ppm, small broad peaks at 5.15 
and 5.75 ppm, and peaks at ca. 7.1 and 7.6 ppm. The ratio of the 
area for the ethyl groups to that of the aromatic protons was 2.20. 
In two similar experiments with both relatively more and less pre- 
cipitate per gram of starting material the alkyl area to aromatic area 
ratio was essentially the same. This result is in good accord with a 
ratio of three phosphite ligands to each tetraphenylborate unit in the 
crude product. Careful fractional crystallization of the crude prod- 

After cooling to room temperature the brown oily residue crys- 
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Table 111. ' H Nmr Suectraa 

, Gosser and @. W. Parshall 

[CoL,]Cl D,CCN Broad quartet, 6 
4.05, area 105 

[CoL,][B(C,H,),] DCC1, Broad quartet, 6 
4.0, area 134 

[COL,I[COC131 D,CCN Broad quartet, 6 
4.15, area 129 

[COL,I[COC~,1 D,CCN Broad quartet, 6 
4.12, area 5 5  

[CoL,B(C, Hj).,] DCCI, Symmetrical, 9- 
line pattern, 6 
3.8, J = 3.5, 
area 11 0, iden- 
tical patterns 
at 60 or 100 MHz 

Triplet, 6 1.25, 
J = 7 , a r e a 1 6 0  

Triplet, 6 1.22, 
J = 7 , a r e a  195 

Triplet, 6 1.28, 
J =  7, area 195 

Triplet, 6 1.27, 
J = 7,  area 80 

Triplet, 6 1.15, 
J =  7, area 175 

Mult 6 6.8-7.6, area 90 Alkyl/asom = 3.7 

Slnlt 5.15, area 16 
Mult 5.75, area 16 
Mull 6.8-7.6, area 156 

AJkyl/arom = 1.5 

a The chemical shifts, 6 ,  are in ppin from internal tetramethylsilane. The apparent coupling constants, J ,  are in EIz. 

uct from ether gave several grams of yellow crystalline product which 
was shown by its low-temperature 31P nmr, ' H nmr, and ir spectra to 
be identical with [CoL,][B(C,H,),] prepared directly from [CoL,]Cl. 
Also isolatedwas 3.0gof darkredcrystalline [CoL?B(C,H,),], mp 131- 
134" dec. A superposition of the 'H nmr spectra of [CoL,]B(C,- 
€I5), and [CoL,B(C,H,),] in a ca. 1:2 ratio reproduced the spectrum 
of the crude mixture. 

Pentakis(triethy1 phosphite)coball(l) Trichlorocobaltate. A 
nitrogen-sparged solution of 2.5 ml of water and 14 ml of triethyl 
phosphite in 300 ml of anhydrous ethanol was used to dissolve 3.9 g of 
CoCl,, and a solution of 8 ml of triethylamine in 100 ml of ethanol was 
added. After standing overnight at room temperature, the mixture was 
filtered through Celite and the dark green filtrate was concentrated under 
vacuum to an oil. Two ea. 10-ml portions of benzene were added and 
then evaporated under vacuum. The residue was stirred with ca. 20 ml 
of benzene and the supernatant was decanted. The remaining ben- 
zene was removed under vacuum and the residue was crystallized 
from ether at ca. -35" to give 0.85 g of dark green crystals, mp 137- 
139" dec. 

same melting point, appearance, and visible spectrum was obtained 
from Co[P(OEt), ],C1 and CoCl, under anhydrous conditions as 
described below. 

A solution was prepared from 3.6 g of [CoL,]Cl, 0.52 g of 
CoCI, , and 40  ml of ethanol. The ethanol was removed under 
vacuum and the residue was crystallized twice by dissolving the 
solid in a solution of 2 ml of ethanol and 10 ml of ether, filtering, 
adding 100 ml of ether, and cooling the solution to -35": 
dark green crystals; mp 137-139" dec, which was undepressed on 
mixing with material obtained above. 

This procedure was not very reproducible. Material with the 

2.5 g of 

Infrared Spectra (Nujol). The ir spectra of [CoClL,], [CoL,]cL, 
and [CoL,][CoCl,] were virtually the same as that of triethyl phos- 
phite ligand. The spectrum of [CoL,][B(C,Hj),] was similar to 
a superposition of triethyl phosphite and sodium tetraphenylborate 
spectra except for a strong new band at ca. 730 cm-' which is also 
present in {CO[P(OCH,),J~}[B(C,H,),].'~ The spectrum of [Co- 
L,B(C,H,),] is similar to that of [CoL,][R(C,H,),] down to ca. 
850 cm-', although the former has a new medium intensity band 
at 1460 cm-'. There are major differences in the 100--850-cm-' 
regions of the spectra. The strong ea. 1250-1300-cm-' P-0 band 
was not evident in any of the spectra. 

31P Nmr Specba. The "ID nmr spectra of [CoL,]CI, [Co%,][Cc- 
a,], and [CoL,][B(C,H,),] all were single peaks at room tcmpcra- 
ture ca. 3-ppm downficld from external trimethyl phosphite. On 
cooling, the spectra broadened and then complex multiplets appeared 
at ea. -120 to -140' which were essentially the same iin all these 
complexes. This pattern has been shown by Meakin and Jesson4 
to be consistent with a trigonal bipyramidal mangement of the phos- 
phite ligands. The 31P nmr spectrum of [CoL,B(C,H,),] showed 
only one line ea. 4 ppm downfield from external trimethyl phos- 
phite down to -140'. 

Registry NO. [COCIL~],  15488-42-3; [CoL,]Cl, 51464-44-9; 
[CoClL,], 1548843-4; [COL,] [CoCl,], 5 1464 166-1 ; [ C0Li ~ [ C O -  
a,], 5146447-2; [COL,][B(C,H,),]! 5146448-3; [CoL,R(C,- 
H j ) 4 ] ,  51464-494; P(OEt),, 122-52-1; Na[B(C,R,), 1, 14,3-66-8. 

(12)  Sample sappiied by J .  P. Jess011.l~ 
( 1 3 )  P. Meakin, J .  P. Jesson, and A. English, J. Amer. Chem. Soc., 

in press. 


