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Summary 

Either one or two of the metal carbonyl fragments Cr(CO),, Mo(CO),, W(CO), 
or Fe(CO), can become linked to the coordinated diphosphorous molecule of 
(p2-P,)Co,(CO),L (L= CO, PBu,, PPh,) when the latter species is treated with 
THF adducts of these fragments. The structure of [(CO),Cr][(CO),W]P,Co,(CO), 
has been determined by X-ray diffraction. 

Introduction 

The most efficient coordinative activation of molecular N, requires excitation of a 
dinitrogen ligand by interaction with several metal atom(s) [l]. The p2-N2 coordina- 
tion type is believed to be very favourable for such activation. Only one pL2-N2 type 
complex is known [2], and its structure shows further coordination to hard Lewis 
acid centers in addition to the interaction with the transition metal. The isoelectronic 
acetylenes yield stable (El,-alkyne)Cq(CO), compounds [3], but attempts to prepare 
the analogous N, complexes have so far failed [4]. 

The most obvious model for such bonding in the Vth Main Group is &-’ 

P2)Co2(CO)6, which was synthezised in our laboratory [5]. The P-P bond order in 
this complex was found to be approximately 2 [6,7], indicating a degree of activation 
of the P2 entity by the Cq(CO), moiety similar to that observed [lo] for the 
acetylene analogs. 

In continuation of our studies along these lines we started an examination of the 
Lewis acid/base behaviour of the E,[Co(CO),],. (E = CH, P, As, etc.) complexes. 
Some results with n = 1; E = P [ll], As [12]; n = 2, E = CH [13,14], P, As [13,15,16] 
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and n = 3, E = P, As [11,15] have already been published. For the complexes with 
n = 2, and E = P or As, we observed cluster rearrangement upon irradiation in the 
presence of carbonylmetals. We thus attempted separate photochemical activation of 
the mononuclear reaction partners. While the work was in progress two relevant 
papers appeared: one reported the direct synthesis of carbonylmetal derivatives of 
As,Co,(CO), [19], and the other described an indirect route to carbonylmetal 
derivatives of P&o,(CO), [20]. We restrict the present report to results which 
complement those papers. 

Results and discussion 

E,Co,(CO), complexes or their phosphine-substituted derivatives do not react 
directly with M(CO), (M = Cr, MO, W) complexes or Fe(CO),. These highly 
symmetrical reaction partners can, however, be photochemically activated by 
irradiating their solutions in weakly coordinating solvents (S = THF, DMF or 
pyridine) to form M(CO),(S) species [21]. Furthermore, Fe(CO),(THF) can be 
prepared from Fe,(CO), in THF even without irradiation [22]. In fact we found that 
the THF adducts of Cr, MO, W, and Fe carbonyls yield the desired adducts upon 
reaction with P&o,(CO), and its tertiary phosphine derivatives. The new complexes 
prepared in this way are listed in Table 1 together with their IR v(C-0) spectra. 

The mono-metallated derivatives of the P,Co,(CO),L (L = CO, PBu,, PPh,) 

TABLE 1 

INFRARED v(C-0) SPECTRA OF THE CARBONYLMETAL ADDUCTS OF P,Co2(CO),L (L = CO, 
PBu,, PPh,) COMPOUNDS (n-hexane, CO gas calibration [28]) 

Absorption maxima (cm-‘) 

2107.5(m), 2703.09(vs), 2065&s), 2052.1(s), 
2047.1(m), 2037.1(w), 1999(vw,vbr), 1986.1(w), 

1972.0(s), 1963.18(vs), 1930(w,br) 
2112.0(w), 2077.5(s), 2068.2(vs), 2052.0(w), 
2043.O(vw), 2024(vw,vbr), 1972(vs), 1957(m), 
1935(w,vbr) 
2084.4(s), 2057.4@s), 2035.9(vs), 2028.9(m), 
2013.2(w), 1990.0(w), 1957.2(vs), 1952.4(s), 
1944.2(m) 
2092.0(s), 2061.0@s), 2044.6(s), 2036.2(m), 
2002.4(w), 1992.68(vw), 1958.6(vs), 1943.6(s) 
2085.0(s), 2058.3(s), 2038.5(s), 2031.0(m), 
1994(w,br), 1954.O(vs), 1948(sh) 
2092.6(m), 2061.7(vs), 2047.4(m), 2037.6(m), 

. 1995 (w,vbr), 1961.6(vs), 1956(vs), 1944.6(m) 

WCD),P,Co,(CD),(PPh,) 2086.8(m), 2063.8(s), 2038.8(m), 2031.5(m), 
1986(w,vbr), 1949.O(vs), 1941.8(vs) 

[W(CO),lzPzCo,(CO),(PPh,) 2072.6(s), 2027.6(m), 2021.2(m), 1981(w,br), 
1942(vs,br) 

Mo(C%P,Co,(CQs(PPh,) 2086.6(m), 2065.4(s), 2037.7(m), 2030.6(m), 
1993(w,br), 1957.2(vs), 1951.6(vs) 

~r(co)5w(co)5p2C%(Co)6 2112(w), 2077.5(s), 2074.2(s), 2068.5(s), 
2054.0(w), 1972.0(s), 1968(vs), 1956(m) 

Cr(C%w(CD)sP+&%(PBu,) 2093.6(m), 2067.6(s), 2061.6(s), 2047.6(s) 
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complexes were formed in a smooth reaction under mild conditions in short reaction 

times (0.5-l h). The bis-metallated derivatives could be prepared under similar 

conditions using either an appropriate excess of the THF adduct or starting from the 

mono-metallated P,Co,(CO),L and adding a further portion of the adduct. Thus the 
bis-metallated derivatives could also be prepared in two steps, and this provided a 
key to the preparation of a new type of metallated derivative containing two 
different transition metals linked to the coordinated P2 moiety, e.g. 
[W(CO),][Cr(CO),]P&o,(CO)s(PBu,). The Cr, MO, and W complexes are fairly 
stable, while the Fe derivatives are much more labile: the Fe(CO), fragment readily 
dissociates off, and the corresponding non-metallated complex is reformed. 

The new compounds can be identified by their characteristic IR spectra (Fig. 1 

and Table 1). The complete vibrational analysis of the v(C-0) spectra would require 
a separate study with such relatively complicated models but three less qualitative 
features can be noted: 
(i) The spectra show more absorption bands than would be expected from the local 
symmetry of the various carbonylmetal fragments (e.g. Co2(CO), vs. Cr(CO), 
Cq(CO), vs. Fe(CO), etc.). This is a new feature since similar observations are not 
possible with the neutral (CO).MECo,(CO), (E = P, As; Me = Cr, MO, W, n = 5; 

M = Fe, n = 4) [11,12] or anionic [(CO),MSFe,(C0),]2- [23] complexes because of 
eventual rotational coupling [24]; 
(ii) The vibrational coupling between the carbonyl groups on different metals seems 
not to be very strong since the absorption bands fall into groups which can be 
attributed to vibrations similar to those of carbonyls in related chemical environ- 
ments (i.e. in species involving only one transition metal). 
(iii) The shapes of the spectra are very similar within one type, and thus the main 
value of the v(C-0) spectra is in showing that the geometry established by an X-ray 
structural study for one example can be generalized over the whole group. 

Since the structure of a homo-bis-metallated derivative of P2C02(CO)6 is known 
from the parallel study by Huttner et al. [20], we report here the structure of a 

Fig. 1. Infrared v(C-0) spectrum of [Cr(CO),],P2Co,(CO), complex in hexane solution. 
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Fig. 2. The molecular structure of [(CO),W][(CO),Cr]P,Co,(CO),. 

derivative in which the side-on coordinated Pz moiety bears two further different 
metals. The molecular structure of [(CO),Cr][(CO),W]P,Co,(CO), is shown in Fig. 
2, and some relevant structural parameters are shown in Table 2. 

The overall geometry of the molecule corresponds to that expected from the way 
in which it was made. It is noteworthy that the two bulky M(CO), (M = Cr or W) 
fragments do not change the geometry of the Co,(CO), fragment with respect to 
that in less crowded molecules; e.g. compare, the Co-Co distances in Co,(CO), 
(bridged isomer) (252.4 pm [25]), P,Co,(CO),PPh, (257.4 pm [6]), and 
As,Coz(CO),PPh, (259.4 pm [26]), etc.. 

Thus the M(CO), (M = Cr, MO, W) group can be regarded as a ligand attached 

TABLE 2 

BOND LENGTHS (pm) AND BOND ANGLES (“) IN [(CO),Cr][(CO),W]P,Co,(CO), (STANDARD 

DEVIATIONS IN PARENTHESES.) 

Bond lengths 

Co(l)-Co(Z) 

Co(l)-P(1) 
Co(l)-P(2) 

Co(2)-P(1) 

(%2)-P(2) 

P(l)-P(2) 
P(l)-W, Cr(1) 
P(2)-W, Cr(2) 

Co(l)-C(0) (average) 
CO(~)-C(0) (average) 

W, Cr(l)-C(0) (average) 

W. Cr(2)-C(0) (average) 

257.3(l) 

225.8(2) 

224.5(2) 

224.6(2) 

225.2(2) 

206.1(3) 

236.5(2) 
235.7(2) 

180.5 
182.8 

193.6 

194.0 

Angles 

Co(l)-P(l)-&(Z) 

P(2)-P(l)-Co(2) 

P(2)-P(l)-Cc(l) 

Co(l)-P(2)-Co(2) 

P(l)-P(2)-&(2) 

P(l)-P(2)-&(1) 
P(l)-Cc(l)-P(2) 

P(2)-Co(l)-Co(2) 

P(l)-Co(l)-Co(Z) 
P(l)-Q(2)-P(2) 

Co(l)-&(2)-P(2) 

Cc(l)-&(2)-P(l) 

69.7(l) 

62.9(l) 

62.4(l) 

69.8(l) 

62.6(l) 

63.1(l) 
54.5(l) 

55.2(l) 

54.9(l) 
54.5(l) 

55.0(l) 

55.4(l) 
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Experimental 

All operations were carried out under dry Ar or N,, using carefully dried solvents. 

Reagents were of commercial origin except for P#~o~(CO)~, P2C02(C0)5(PBu3) 
and P,Co,(CO),(PPh,), which were prepared as described previously [5,13]. 

The infrared spectra were run on a VEB Zeiss Jena SPECORD IR 75 type 
spectrophotometer. Calibration of the IR spectra was performed by simultaneous 
recording of a CO gas spectrum [29]. Mass spectra were recorded on a MAT-111 
(Varian, Palo Alto, USA) instrument using direct sample introduction. 

X-Ray structure determination of [(CO),Cr][(CO),W]P,Co,(CO), 
Crystal dimensions: 0.25 x 0.25 x 0.18 mm, Syntex R3 four-circle diffractometer, 

Graphite monochromated Mo-K,-radiation. Cell dimensions: a 979.8(l), b 1101.4(3), 
c 1258.5(3) pm, (Y 82.85(2), /I 78.53(2), y 78.38(2)“, Y 1.2987(5)X lo9 pm3 refined 
from 25 reflections (18” > 20 > 27”). Triclinic, space group Pi; 2 = 2; D, 2.21 
g/cm3, F(OO0) = 812; Z.L 65.1 cm-‘. 28: w scan data collection with variable scan 
speed of 2”/min (I I 150 cps) to 30”/min (I I 2500 cps) and a peak to background 
ratio of l/l; 6006 independent intensities (3” I 28 I 60“) of which 4409 were 

treated as observed ( F0 I 4.5 _< a(F)). 
Absorption corrections were applied with maximum transmission of 0.942 and 

minimum transmission of 0.503, which reduced the merging R-factor from 11.87 to 
1.57%. 

The chromium and tungsten atoms were disordered, each showing 50% occupancy 
of the metal sites. Positional and thermal parameters were refined to the same 
extents, with chromium and tungsten given the site occupation factor 0.5. No further 
disorder was detected in the last difference Fourier (maximum rest electron density 
1.42 e/A3 with 0.8 A from W, Cr(1)) or on taking account of the thermal parameters 
of the ligands. R = 0.057, R, = 0.066, w-’ = a*(F) + 145 X lop5 x F*. Structure 
solution by Patterson methods, block cascade refinement, and display by 
SHELXTL-Program System [30] using a NOVA 3 computer (Data General) (Table 
4). Tables of thermal parameters and structure factors are available from the 
authors. 

Preparation of [Cr(CO),]P2Co,(CO), and [Cr(CO),]P,Co,(CO), 
A solution of Cr(CO),(THF) was prepared from 0.3 mmol Cr(CO), and 40 cm3 

THF as described by Strohmeier et al. [21]. Then P2C02(CO), (50 mg, 0.15 mmol) 
was added and the mixture was stirred for 30 min at room temperature. The solvent 
was evaporated off in vacua, and the residue was dissolved in n-hexane (- 20 cm3). 
The n-hexane solution was chromatographed on a silica gel column (20 mm X 90 
cm) with n-hexane as eluent. Three coloured fractions were collected; the first 
(orange-red) band was unchanged P2C02(CO)6, the second fraction was greenish 
violet and yielded brownish-black crystals of [Cr(CO),]P,Co,(CO), (15%). The third 
was purple, and yielded black crystals of [Cr(CO),],P,Co,(CO), (7%) after con- 
centration (to 5-10 cm3) and cooled in dry ice. (Found: Cr, 9.4; Co, 21.9; P, 11.2. 
.CrCo2P2C,,0,, calcd.: Cr, 9.26; Co, 21.85; P, 11.48s.) (Found: Cr, 6.95; Co, 16.05; 
P, 8.4. Cr,Co,P,C,,O,, calcd.: Cr, 7.0; Co, 16.12; P, 8.478.) 

Preparation of [Cr(CO),]P,Co,(CO),(PR,) and [Cr(CO),] z P,Co,(CO),(PR,) (R = 
Bu or Ph) 

The procedure was as described above but starting from P2C02(C0)5(PR3) 
(R = Bu or Ph) instead of P2C02(CO),. 
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TABLE4 

ATOMIC COORDINATES FOR[(CO),Cr][(CO),W]P,Co,(CO), (Standard deviations in parantheses) 

Atom x/a y/b .Z/C 

W,CrW 0.07781(6) 0.03775(6) 0.22142(5) 

WQ(2) 0.32541(6) 0.31297(6) 0.48123(5) 

Co(l) 0.42377(11) 0.25099(10) 0.14312(8) 

Co(2) 0.18456(12) 0.40212(10) 0.16586(9) 

P(1) 0.2871(2) 0.3006(2) 0.3041(2) 

P(2) 0.2133(2) 0.1953(2) 0.2111(2) 

C(1) 0.2222(11) -0.0786(9) 0.2886(8) 

c(2) -0.0146(10) 0.0920(10) 0.3652(9) 

C(3) -0.0604(11) 0.1582(10) 0.1542(9) 

C(4) -0.0325(12) -0.0889(11) 0.2298(11) 

C(5) 0.1749(11) -0.0073(10) 0.0807(9) 

C(6) 0.3599(12) 0.3199(12) 0.6252(8) 

C(7) 0.1209(10) 0.3464(9) 0.5336(8) 

C(8) 0.5257(9) 0.2820(9) 0.4219(7) 

C(9) 0.3249(10) 0.1360(10) 0.5093(7) 

C(l0) 0.3219(10) 0.4912(10) 0.4471(9) 

C(l1) 0.4449(10) 0.2076(10) 0.0045(7) 

C(12) 0.5340(9) 0.1208(9) 0.2007(7) 

c(13) 0.5321(10) 0.3691(10) 0.1275(8) 
C(14) 0.1527(10) 0.3955(9) 0.0271(8) 
C(15) 0.0053(11) 0.4339(9) 0.2414(8) 
C(16) 0.2402(12) 0.5521(10) 0.1580(9) 
O(1) 0.3087(10) -0.1417(8) 0.3258(8) 
o(2) -0.0680(10) 0.1275(9) 0.4484(6) 
o(3) -0.1406(9) 0.2295(9) 0.1140(8) 
O(4) -0.0943(11) -0.1678(9) 0.2318(9) 
O(5) 0.2348(11) -0.0338(10) -0.0040(7) 
D(6) 0.3755(10) 0.3270(10) 0.7106(7) 
D(7) 0.0052(7) 0.3642(9) 0.5677(8) 
C'(8) 0.6425(8) 0.2655(9) 0.3827(7) 
O(9) 0.3243(10) 0.0320(8) 0.5261(8) 
DUO) 0.3181(11) 0.5953(7) 0.4248(9) 
o(l1) 0.4600(10) 0.1757(10) -0.0793(7) 
o(l2) 0.5988(9) 0.0364(8) 0.2401(7) 
o(l3) 0.5960(9) 0.4475(8) 0.1165(9) 
O(l4) 0.1351(10) 0.3866(9) -0.0550(6) 
005) -0.1064(8) 0.4495(9) 0.2893(8) 
006) 0.2708(12) 0.6445(8) 0.1509(9) 

There were again three chromatographic fractions all deep red. The first was 
unchanged P&o,(CO),(PR,), the second [Cr(CO),]P$o,(CO),(PRs), and the third 
[Cr(CO),],P,Co,(CO),(PR,). The derivatives with R = Bu were obtained only as 
amorphous solids upon evaporating the fractions to dryness. The derivatives with 
R = Ph were obtained as black crystals by cooling the n-hexane solution to - 40°C: 
[Cr(CO),]P,Cq(CO),(PPh,) (10% yield) and [Cr(CO),],P,Co,(CO),(PPh,) (13% 
yield). (Found: Cr, 6.1; Co, 15.05; P, 11.9. CrCo,P,C,,H,,O,, calcd.: Cr, 6.55; Co, 
14.86; P, 11.718.) (Found: Cr, 11.0; Co, 12.1; P, 9.45. Cr,Co,P,C,,H,,O,, calcd.: 
Cr, 10.77; Co, 12.22; P, 9.63%.) 
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Preparation of [W(CO),-][Cr(CO),]P,Co,(CO), and [W(CO), J[Cr(CO)J- 

P,Co,(CO),(PBu,) 
W(CO), (0.05 mmol) was treated with THF (20 cm3) as described by Strohmeier 

et al. [21] then [Cr(CO),]P,Co,(CO), (15 mg, 0.03 mmol) or 
[Cr(CO),]P,Co,(CO),(PBu,) (25 mg 0.03 mmol) was added and the mixture was 
stirred for 1 h at room temperature. The solvent was evaporated off in vacua, and 
the residue was extracted with n-hexane (40 cm3). This solution was chromato- 
graphed on a silica gel column (20 mm x 120 cm) with n-hexane as eluent. The 
second (dark red) fraction was collected for both Cr-W containing compounds and, 
the solutions were concentrated in vacua and cooled to ca. -40”. After 2-3 days 

[W(CO),][Cr(CO),]P,Co,(CO), (30% yield), and [W(CO),][Cr(CO),]- 
P,Co,(CO),(PBu,) (10% yield) were obtained as black crystals. (Found: Cr, 6.2; W, 
20.8; Co, 13.2; P, 7.1 CrWCo,P$,,O,, calcd.: Cr, 6.02; W, 21.29; Co, 13.66; P, 
7.18%.) (Found: Cr, 4.9; W, 17.6; Co, 11.4; P, 8.8. CrWCo,P,C,,H,,O,, calcd.: Cr, 
5.00; W, 17.72; Co, 11.36; P, 8.96%) 

Preparation of [Fe(CO), ]P,Co,(CO),(PBu,) 
Crystalline Fez(CO), (50 mg, excess) was added to a solution of 

P,Cq(CO),(PBu,) (0.1 mmol, 50 mg) in 20 cm3 dry THF. The heterogeneous 
mixture was stirred vigorously under argon at room temperature in darkness. After 
30 min the dark solution was evaporated to dryness in vacua, and the solid residue 

was extracted with n-pentane. The dark pentane solution was chromatographed on a 
silica gel column (20 mm X 60 cm) with pentane as eluent and the dilute second 
(purple) fraction was collected and concentrated in vacua. The product 
[Fe(CO),]P,Co,(CO),(PBu,), was identified by IR and MS spectra. The solution of 
the complex was handled in darkness. 
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