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Complexes of the type, CO~(CO)~[(R~E)~CH~] (R = CH3, C2H,, 
p-CHXC6H4; E = Sb. R = ChH5; E = Sb, As, P) were prepared by the reaction of 
dicobalt octacarbonyl with the corresponding ligands in benzene at room tem- 
perature. Treatment of these complexes with a diarylacetylene in refluxing ben- 
zene displaced two bridging carbonyl groups to give complexes of the type, 
Co,(CO),(R;C,)[(RzE)&H,I (R’ = CbH5, p-CH3C6H4), which also were obtained 
from the reaction between Co2(C0)&R;CZ) and (R2E)#ZH2. The structures of 
these derivatives are discussed on the basis of their infrared spectra. 

It was found from the PMR spectra in CH$Zl, at room temperature that 
the coordinated stibine ligand in these complexes can be easily replaced by 
either a free phosphine or arsine l&and, while the coordinated arsine ligand is 
replaced only by a free phosphine. 

Introduction 

We have reported [1,2] recently concerning the behavior of (R2Sb)&H2 
in substitution reactions with mononuclear metal carbonyls. These di-tertiary 
stibines tend to bridge between two metal carbonyls. Although tertiary stibine 
derivatives of dicobalt octacarbonyl, [Co(C0)3(SbR3)]2 (R = C2Hs, i-C3H7, 
C,H,) and {Co(CO),[Sb(C,H,)JJ {Co(CO),) have been briefly reported [3,43, 
the reaction of Co, (CO)* with d&tertiary stibines has not yet been described. 

In this paper, we report the preparation and properties of new bis(diorgano- 
stibino)methane derivatives of cobalt carbonyls, together with the phos- 
phine and arsine analogs. The replacement reactions of the coordinated stibine, 
arsine or phosphine in these complexes by free ligands, [(C6H5)zE]2CH2 (E = 
Sb, As, P) as observed by means of the PMR spectra will be also described. 
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Experimental 

_All the reactions and subsequent manipulations were carried out under a 
nitrogen atmosphere. Solvents were purified by standard methods, and nitrogen 
was bubbled through prior to use. 

IR spectra were recorded on a Hitachi 225 spectrophotometer, equipped 
with gratings. The PMR spectra were measured on JEOL model 3H-60 and 
PS-100 spectrometers operating at 60 and 100 MHz, respectively, using TMS as 
an internal standard. Mass spectra were obtained on a JEOL model JPS-1S mass 
spectrometer. 

The compounds Co,(CO), [5], (R,Sb),CH, (R = CM3 161, C6HS 171, 
p-CH,C,H, [l] ) and [ (C,H,),P] 2CHz [S] were prepared by literature methods, 
and [(C,H,),As],CH, was prepared similarly to [(C6H,)2P]2CH1_. We have syn- 
thesized colorless bis(diethylstibino)methane in a mannet similar to the prepa- 
ration of bis(di-p-tolylstibino)methane [l] : [(CzH5)zSb]zCHz [b-p. 93-95” / 
1.5 mmHg (lit. [9] b.p. 103-105”/0.8 mmHg), PMR (neat); 6(SbCH2 Sb) 1.05 s, 
G(SbC, HS ) 1.14-l-50 m ppm] ; the derivative [Br, (C, H5 )2 Sb] Z CH2 [m.p. 
84-85”, (Found: C, 15.59; H, 3.25. Cs H22 Sb2 Br4 &cd.: C, 15.59; H, 3.20%), 
PMR (CHCls ); s(SbCH, Sb) 4.17 (s, 2H), 6(SbCH2CH, ) 3.19 (q, J 8 Hz, SH), 
G(SbCH* CH, ) 1.64 :t, J 8 Hz, 12H) ppm] . 

Preparation of CO~(CO),[(R~E)~CH,I (R = CH,, C,H5; p-CH,C.&L; E = Sb. 
R = C&Is; E = Sb, As, P) 

A mixture of COAX (1.6 g; 4.7 mmole) and [(CH3)$3b],CH2 (1.5 g; 
4.7 mmole) in benzene (80 ml) was stirred at room temperature until the evo- 
lution of carbon monoxide had stopped (ca. 2 h). The solvent was removed 
under reduced pressure. The residue was dissolved in a small amount of dichloro- 
methane and chromatographed on an alumina column. The major red-brown 
band was eluted from the column with dichloromethane/petroleum ether. The 
solvent was removed under reduced pressure, and the residual solid was recrys- 
tallized from dichloromethane/n-hexane to give red crystals of COAX- 
{ [(CH, )Z Sb] 2 CH2 } (2.1 g; 75% yield). The other stibine and phosphine com- 
plexes, and the arsine complex (I) were prepared in a similar manner. Iu the 
arsine complexes, the column chromatography and recrystallizat.ion from 
benzene/n-hexane gave complex (II) shown in Table 1. The complexes (I) and 
(II) exhibit different IR spectra as Nujol mulls, but their PMR spectra and solu- 
tion IR spectra were found to be identical as shown in Tables 1 and 2. 

Preparation of CO~(CO)~(R)~C~)[(R~E)~CH~] (R = CH,, C&l,; E = Sb; R’ = 
C&l,, p-CH&H,. R = C2H5, p-CH2C,H,; E = Sb; R’ = Gas_ R = C’s,; E = As, 
P; R’ = C&T5) 

A mixture of Co2(CO)6{[(CHs)ZSb]2CH2} (1.1 g; 1.9 mmole) and 
C6H5C=CC6H5 (0.35 g; 2.0 mmole) was heated in refluxing benzene (40 ml) 
for 2 h. The solvent was removed under reduced pressure. The residue was ais- 
solved in dichloromethane and chromatographed on an alumina column using 
dichloromethane/n-hexane as the eluent. The black solid obtained by the re- 
moval of the solvent was recrystallized from dichloromethane/n-hexane to 
give black crystals of CO~(CO)~[(C~HS)~C~] {[(CH,),Sb]&H,) (0.87 g; 67% 
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TMS 

After 1 I2 h 

After 24h 

Fig. 1. The PMR spectra in the region of methylene protons for the reaction of Co2(CO)6- 

in CH2C12 (0.3 ml) at room 

temperatureafter l/2 and 24 h. C(C,Hs)2Sbl2CH2, (c) 

C<C6Hj)2Pl2CH2. 

yield). The same compound also was obtained by heating the mixture of 
ICCWzSblzCH2 and co,(co),[(c,~S),c,l in refluxing n-hexane. The other 
complexes were prepared in a similar fashion. 

Properties and yields of all the new cobalt carbonyi complexes thus ob- 
tained are summarized in Table 1. These complexes are stable in air as solids 
but they decompose slowly in solution. IR data are listed in Table 2. 

The ligarrd substitution reactions of the complexes 
The progress of the reactions was followed by measuring the PMR spectra 

in the region of the methylene protons of the ligands. Typical spectra are shown 
in Fig. 1. The other substitution reactions were similarly carried out. 

Results and discussion 

All the complexes shown in Table 1 are monomeric in dichlorometha?e. 
The solution infrared spectra (Table 2) of the complexes Cor(CO)6[(RzE)~CH~] 
exhibit three very strong terminal, and two strong bridging carbonyl stretching 
bands with fairly large separation. The compounds are assigned structure [A] 
on the basis of their in&red spectra which are similar to that of COAX- 

[(CH3)2As&3Ys(CH3)2CF,kF2] [lo] which is known from X-ray studies [ll] 
to be of that structural type. 

E = Sb, R = CHX, &H,,C, Hs , p-CH, C6 H4 
E = P or As, R = C!,H,. 

fconfinued on p. 443) 
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In the solid state, all stibine complexes and the amine complex (I) would 
have the same structure [A] as that in solution, since the pattern of carbonyl 
stretching bands is similar to that in solution and a difference in frequencies 
for the two bridging carbonyls is still large. However, for the amine complex 
(II) and the phosphine complex, whose solid IR spectra exhibit a much small- 
er frequency separation of the bridging carbonyl bands, a possibility that the 
ligand [(C6HS)ZE]ZCHZ (E = As, P) is chelating to one cobalt atom or bridging 
intermolecularly to form either a dimeric or polymeric structure may not be 
excluded. 

In the infrared spectra (Table 2) of the complexes CO~(CO)~(R;C~)- 
[ (R,E),CH,] , only termindt car-bony1 stretching frequencies were observed. 
These spectra resemble those of disubstituted phosphine derivatives of the type 
CO,(CO)~ (acetylene) such as CO,(CO)~[(C,H,),C,] E[(C6H,),Plp) 1121 and 
Co2(CO),[(C,H,),CI] {[(C6H5)2PC2CH3]2} [ 131. Thus structure [B] containing 
both (R2E)&H2 and R’2C2 bridging may be proposed for our compIexes Co?- 
( CO)S(R;C2) [ (R2E)ICHz] , as shown below. 

LB1 
E = Sb, RR’ =-CH3, C6H5 or p-CH3C6H4; &I&, C,H,; C6Hj, C&H5 or p-CH,C,&; 
P-CH&&,C&. 
E = P or As, RR’ = C&H,. 

The position of the bands for the carbonyl stretching frequencies of the 
phenyf stibine complexes of the type [A] and f B] is very similar to that for 
the ersine or phosphine analogs. In a series of the stibine complexes, the posi- 
tion of the carbonyl stretching bands shows the slight higher shift with the de- 
crease of the o-donor. property of the organic groups attached to the antimony 
atom. The_ carbonyl stretching bands of the complexes Co,(CO),(R’,C)- 
[(R,E),CH,] are shifted to lower frequencies (ca. 20 cm-l) than those of the 
complexes CO~(CO)~[(R~E)~CH~]. This may be due to the weaker sr-acceptor 
property of the acetylene groups in comparison with the carbonyl groups. 

The methylene protons (EC&E; E = Sb, As) and the methyl protons 
[(CIJ&Sb, (p-C&C,H,),Sb or (p-CI-&C&I,)C] of the complexes described in 
this paper are expected to be stereochemically nonequivalent in the proposed . 
structures [A] and [B], but the PMR spectra of their protons show only a 
single resonance as shown in Table I. The PMR spectrum of COAX- 
[ Cp-CH,C,H,),C,] { f( CH,),Sb] &Hz) is unchanged even at temperatures down 
to -50”. This would suggest that these complexes are non-rigid in solution on 
the PMR time scale. 

From the PMR spectra in CH,Cl, at room temperature, it was found that 
the coordinated stibme in the complexes can be easily replaced by either the 
free phosphme or the qrsine, while the coordinated amine can be replaced by 
the free phosphine, as shown below and in Fig. 1. 
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Co,(CO),~C(C,H,),El,CH,l + [GH~)~IzCH~ + 

CO,(CO)~CC(C~H~)~E’IZCHZ) + C(C&,),EI,CHz 
(E=Sb;E’=AsorP.E=As;E’=P) 

Substitution by the free phosphine proceeded to completion in 24 h. Sim- 
ilar substitutions also were observed for the complexes COAX [(C,H,),C,] - 
{[(C,H5)zE]2CH,) (E = Sb or As)_ These facts suggest that the nucleophilicities 
of the ligands to the cobalt atoms decrease in the following sequence: 
[(C, HS )2 P] 2 CH, > [(C, H5 )2 AS] 2 CH2 > [(C, Hs )* Sb] 2 CH, _ This trend is con- 
sistent with the usually observed order of nucleophilicities of the Group VB ele- 
ments_ 
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