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PREPARATION AND INFRARED SPECTRA OF MONOSURSTITUTED 
PRJ AND P(OR)s (R = ALKYL, ARYL) DERIVATIVES OF (/iz-L)2Coz(CO)6 
COMPOUNDS * 

GYULA VliRADI **, ANNA VIZI-OROSZ. SLNDOR VASTAG and GYULA PkLYI *** 

Research Group for Petrochemisfry of the Hungarian Academy of Sciences, H-8200 
Veszpkm (Hungary) 

(Received October 7th, 1975) 

(~2 -LL Co, (CO), P& and (ccz -I& Co2 (CO),P(OR), (R = alkyl, ~1, L = Pz, 
Asz, acetylene, L = CO and but-2-en-4-olid-4-ylidene) compounds were prepared. 
The Y(C-0) infrared spectra are in agreement with the expected C, or C1 sym- 
metry. The results indicate that the PRs or P(OR)s substituent is in all cases in 
the axial position. 

Introduction 

The characterization of (cL~-E~)CO~(CO)~ (E = P, As) compounds through 
their mono-PPh,_substituted derivatives (I) [2,3,14], as well as recent studies [4] 
concerning “la&one” complexes [ 51 Co* (CO), (C402 RR’) directed our atten- 
tion to the series (pL2 -L)* Co, (CO), . 

Literature data on the preparation and/or spectroscopic investigation of 
(pz-acetylene)Coz(CO)s(PRs) compounds (II) are rare [6-81, while &-but- 
2-en-4-olide)(~2-CO)Co2(CO)s(PRs) complexes (III) have not yet been reported. 
These compounds seem to be clear cases of C, OX Cl symmetry, so the number 
of Y(C-O) bands can be expected to be 5. However, literature data are contra- 
dictoryin this point; 

.* Some of the results of this work have been Pm&e&d at symposia [ll.~ . _ 
*i Present address Seminelweis Universi~ for Medical Scienceg Institute ior Biochetitry; BudaPes+ 

** = To whom &xre&ondence_ &o&&e addressed. ..: . . 
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TABLE 1 

IR DATA OF ~Co<CO>sPR3 COMPOUNDS 

Ligands NC-0) values (cm -1 ) 

L2 PR3 Ul v2 v3 v4 us AV 

P2 PPh3 

P2 PPh2Et 

P2 P-n-Bu3 

As2 PPh3 

As2 PPh2 Et 

As2 PPhEt2 

A-52 , P-n-Bu3 

As2 P(OE03 

2072.4s 
2072.6s 
2071.7s 
2066.7s 
2067.4s 
2067.6s 
2065.8s 
2069.6s 

2027.1~s 2020.5s 
2025.4~ 2021.4s 
2024Svs 2018.9s 
2021.9~s 2016.3s 

2019Jvs(br) 
2018_9vs(br) 

2019.1~s 2014.6s 
2023.2~s 2016.3~~ 

2006.8~ 1984.2m 28.6 
2005.2~ 1972.7m 32.2 
2002.6m 1978.2m 32.7 
1999.6~ 1978.4m 27.5 
1998.6~ 1976.6m 27.9 
1998.4m 1976.31~ 28.2 
1996.2~ 1974.0m 30.2 
2002.8~ 1984.6m 24.8 

Results and discussion 

Preparatiue results 
Compounds I and II were prepared in moderate to good yields (Tables 1 and 

2) essentially according to published [2,3,6] procedures in n-hexane, n-hexane/ 
benzene (1 : 1) or benzene as solvent at 20-6O”C by treating E2C~2(CO)e and 
(R’C,R”)CO,(CO)~ compounds with 10-25 mole % excess of PR3. The progress 
of the reaction was followed by IR spectroscopy and for this reason n-hexane 
was preferred as solvent where possible. The reaction mixture was chromato- 
graphed on silica gel whereby unreacted starting compounds, I or II and 5-20% 
amounts of disubstituted [6,7], products * could be separated using n-hexane 
or benzene eluent. 

Compounds of type III were prepared similarly (cf. Table 3 and Experimental), 
but in chromatography n-hexane/ether (1 : 1) had to be used as eluent. 

Our experiments were not aimed at collecting systematic data on preparative 
methods and yields but from the experience accumulated in course of this work 
it is clear that: 

(i) increase in the electron donor character of both the phosphine and the 
bridging ligand makes substitution more difficult (for example, the PBus derl- 
vative of (Me,SiC,Me,Si)Co,(CO), could not be prepared at all and yields of 
the phosphite derivatives in series III were always higher than those of the PBu, 
derivatives j, 

(ii) steric factors are also of significance, since the preparation of the P(cyclo- 
CsH, , )3 derivatives was always much more difficult and proceeded with lower 
yields than that of the PBu3 analogues. 

Efforts to prepare compounds III from derivatives II under milder conditions 
(50-70 atm CO, 3O”C, 2-5 h, high pressure IR cell) than are necessary [5] for 
the prepare&ion of Co* (CO), (R’R”C402) complexes have been unsuccesful. 

The isomeric composition of compounds I, II and III was tested by repeated 
elution chromatography. The chromatographically-separated monosubstituted 
compounds were repeatedly eluted from silica gel or partially (2.5 X) acetylated 
cellulose. Narrow cuts were taken which were investigated by IR spectroscopy. 
No change of the relative intensities and of the shape of bands could be observed. 

(continued OR p. 229) 

* Full characterization of the behaviour and isometic composition of these compounds is in progress. 
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in the different cuts. This indicates that, at least under the conditions used by 
us, only one isomer is formed. 

Spectra and structure 
The v(C-0) IR spectra are summarized in Tables l-3. Some characteristic 

spectra are shown in Fig. 1. It can be seem from the results that in ail but five 
cases the v(C-0) spectra contain 5 fundamentals, in accordance with the selec- 
tion rules of C, (r = 3a’ + 20”) or Cr (r = 5a) symmetries. 

We suggest that the four-band spectra of the except&s is a result of an 
apparent “degeneration” of the bands labelled with v2 and v3. This is in accor- 
dance with the broad form and the increased relative intensity of the v2 + v3 
band with respect to the spectra of other compounds. It should be mentioned 

2100 2000 1800 2100 cni-’ 

Fig. 1. v(C-0) spectkof some ~~-L)O~~-L’)CO~<CO)~<PR~) iwith L = L’ and L # L’) compounds and 0 

: 
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Fig. 2 Possible isomers of monosubstitution products of (~~~-L)(~~-L’)CO*(CO)~ <with L = L’ and L P L’) 
compounds. 

compensation o-bond and there is no reason to expect a partial charge transfer 
from one metal to the other in the unsubstituted products. It seems reasonable 
to suppose that the relatively strong electron donor PR, or P(OR), ligands will 
therefore favour the position tram to the Co-Co bond [16,17]. This argument 
could perhaps be generalized for analogous compounds, as e.g. (p2-SR)2Fez- 
(COMPR’), US] - 

(iv) The above picture is in good agreement with structural results obtained 
with the tetranuclear cobalt-carbonyl derivatives of phosphinoacetylenes: 
(R1PC2R’)zCo,(CO)1. [El]. In the case of these compounds two “(R’C,)Co,- 
(CO),(PR,)” units are bound together by means of dative bonds of the phos- 
phorus atoms: the phosphorus on the acetylene ligand of one unit acts as donor 
substituent of the other and vice versa, but the position of both of the phos- 
phorus atoms, (as donors) is axial, as is supposed in our case. 

(v) The axial type of substitution can be expected on the basis of the often- 
forgotten principle of “minimum structural change” [203 since in this case at 
least one of the two (7~ planes of the starting compound (or at least of the 
Co2 (CO,,,_), moiety) remains unaltered. 

It should be noted here that recently several examples of equatorial substitu- 
tion in compounds of similar structures could be found (e.g. derivatives of 
Coz(CO)s (bridged) 1211 or (&-RS)2Fez(C0)6 -]22]. However, equatorial sub- 
stitution in these compounds is found always in disubstituted derivatives. In 
these cases the metal-metal bond and also the ,Y,-ligand(s) may already ‘conduct 
charge transfer to the “other” metal and thus the “second”. donor substituent 
could also enter in the equatorial position. This effect, sometimes together. 
with steric factors 1211, may be strong enough to result inan equatorial posi- 
tion for both substituents, at least in the final structure of the models mention- 
ed above. 

The shift of the u(C-0) band.of the bridging carbonyl group in the la&one 
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complexes III (relative to the unsubstituted compounds) is very near to the 
average values (Yp) of the terminal carbonyls. 

Phosphine substitution seems to have a moderate effect on the “organic” 
v(C-0) vibrations of the la&one rings in compounds III. The extent of this 
effect could be evaluated only in two cases because of Fermi resonance splitting 
of the organic v(C-0) band of the starting compounds in the others 141. 

Experimental 

Starting materials, COAX 1231, PzCoz(CO)6 131, As2C02(CO)6 [2,3], 
acetylene-Cot (CO), compounds [6,24], the “lactone” complexes, Co* (CO),- 
(C402RR’) [4,53 as well as some of the ligands PPhzEt [25], PPhEtz 1251, 
P(CH2Ph)3 [26] and P(cyclo-C,H1 1 )3 [27] were prepared by published proce- 
dures. Others were of commercial origin. 

IR spectra were recorded by an UR-20 type instrument of Carl Zeiss Jena, 
using simultaneous DC1 calibration according to [28]. Molecular weights were 
measured (in benzene) by a Knauer vapour phase osmometer. 

Reaction of the cobalt carbonyls with the ligands were performed under 
rather similar conditions. One illustrative example is given below. 

79 mg (0.20 mmol) (C6H,3C2H)Co2(C0)6 (chromatographically pure) and 
62 mg (0.22 mmol) P(cyclo-C6H1 1)3 were dissolved in 25 ml n-hexane. The 
solution was stirred at room temperature until vigorous CO evolution ceased 
(10 min), then at 60°C for 4 h. After having cooled to room temperature, the 
solution was evaporated to 5 ml. 

This solution was eluted from silica gel by n-hexane. The first reddish-brown 
fraction was collected and concentrated in vacua. 

Then the solution was chilled to -78°C. The reddish-brown crystals were 
filtered and recrystallized twice from n-hexane. Yield 61 mg (47%). (Analysis 
Found: Co, 19.2; P, 5.1;mol. wt., 636. CX1CoZH4,05P calcd.: Co, 20.1; P, 4.8%; 
mol. wt., 648.) 

In the course of this work 39 PR3 and P(OR)3 derivatives were prepared, 10 
of which were characterized analytically *, the rest by analogy through their 
chromatographic and IR behaviour. The yields given in Tables 2 and 3 are 
rounded values obtained by measuring the weight of chromatographically pure 
products; yields of recrystallized products were generally lower by 5-10%. 

The isomeric composition of 9 compounds was tested by repeated chromatog- 
raphy on a 150 X l-5 cmsilica gel column. The compounds were eluted by n- 
hexane (with the exception of the “lactone” derivative Co, (CO), (P-n-Bus)- 
(Cq02HH) which was re-chromatographed with benzene). At least 3 cuts were 
taken from the band corresponding to the compound tested. High resolution IR 
spectra (in n-hexane) were taken from each cut. The IR v(C-0) spectra of these 
cuts were found to be identical in all cases. These compounds included the 5 
compounds with only 4 v(C-0) fundamentals, (CzHz)C~Z(CO)s(PR3) (R = 

* Co. P and moL wt. values were satisfactory. 



n-Bu and cycle-C&Hi 1), (C6H13C2H)Co2(CO)5P(OPh)3 
(C,O,HH). 
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and Co2 (CO), (P-n-B+)- 
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Note added in proof. After this manuscript had been mailed we became aquainted with the results of 
Manning end this coworkers (LB. Chic. W.R. CuBen. M. Frenkhn and A.R. M axming. to be published). 
These authors prepared a series of mono- and di-substituted derivatives of <RCZCR’)Co#0)6 complexes 
with mono- and b&dentate Group V ligands. Their results seem to be in good agreement with those in 
this paper. 


